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Nova generacija cepiv 

HEPAGERIX B
®

injekcije 

cepivo proti hepatitisu B, izdelano z genetskim 
inženiringom 

• metoda genetskega inženiringa .izključuje prisotnost
človeške krvi

• popolnoma varno in široko preizkušeno cepivo

• visoko učinkovito cepivo, ki varuje pred vsemi znanimi
podvrstami hepatitisa B in pred hepatitisom D

• dosega skoraj 100 % serokonverzijo

• lahko ga dajemo v vseh starostnih obdobjih

• vsi ga dobro prenašajo

Bazično cepljenje opravimo s 3 intramuskularnimi dozami po eni izmed 
shem (O, 1, 6) ali (O, 1, 2): 

a) osebe, ki so izpostavljene manjšemu ali zmernemu tveganju infekcije:
prva doza: dan po izbiri (O)
druga doza: mesec dni po prvi dozi (1)
tretja doza: 6 mesecev po prvi dozi (6)

b) osebe, ki potrebujejo hitro zaščito ali so pogosteje izpostavljene infekciji:
prva doza: dan po izbiri (O)
druga doza: mesec dni po prvi dozi (1)
tretja doza: 2 meseca po prvi dozi (2)

Odrasli in otroci starejši od 1 O let: 20 µ,g proteina površinskega antigena v 1 ml 
suspenzije. 

Novorojenčki in otroci do 1 O let: 1 O µ,g proteina površinskega antigena v 0,5 ml 
suspenzije. 

Podrobnejše informacije in literaturo dobite pri proizvajalcu. 

��� KRK� 
tovarna zdravil, p. o., Novo mesto 
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DEAR AUTHORS AND COWORKERS, 

1 am pleased to inform all of you who are, 
or will be, in one way or the other participating 
in our jubilee issue, that the editorial work on 
this publication is being carried out as plan
ned. The members of our editorial board has 
had severa! meetings with the editors of 
individual chapters in order to determine the 
most efficient way of collaboration between 
the authors, editors and redaction. It has 
been agreed that the authors should be asked 
to submit their manuscript on diskettes whe
never possible. 

Starting with our jubilee issue, we plan to 
change the design and format of our journal 
in order to up-to-date its outlook and rationa
lize technical procedures at print. 

By the help of severa! medica! institutions 
in the country and abroad, as well as by 
means of sponsors and advertisements in 
other journals we shall try to increase the 
number of participating authors as well as 
readers of RADIOLOGIA IUGOSLAVICA. 

Finally, 1 wish to remind the authors that 
the deadline for submission of their manus
cripts for jubilee issue is June 30. 1991. 

And, to point out again, all institutions 
related to radiology, nuclear medicine and 
oncology in Yugoslavia are most welcome to 
take part in this relevant publication. 

Tomaž Benulič, MD, 
Editor -in-Chief 

RADIOLOGIA IUGOSLAVICA, The Institute of Oncology Zaloška 2, 61105 Ljubljana, Slove
nia / Yugoslavia; Tel.: +38 61 327 955; Fax: +38 61 329 177 



SODELAVCEM! 

Vsem, ki bodo sodelovali v naši jubilejni 
publikaciji, sporočamo, da vsa pripravljalna 
dela potekajo po zastavljenem načrtu. Do 
sedaj smo se redaktorji večkrat sestali z 
uredniki posameznih poglavij in se dogovorili 
o sodelovanju med avtorji, uredniki in redakci
jo.

Avtorje naprošamo, da nam, v kolikor je le 
možno, pošljejo prispevke pisane na disketi. 

Z jubilejno publikacijo uvajamo namesto 
tega novo zunanjo in notranjo ureditev, ki jo 
bomo uporabljali pri vseh nadaljnjih izdajah 
naše revije, z namenom da posodobimo njen 
izgled in racionaliziramo tiskarski postopek. 

S pomočjo številnih medicinskih ustanov 
doma in tujini, sponzorjev izdaje in z objavo 
oglasov v drugih revijah bomo skušali za 
našo jubilejno izdajo, kot tudi za redne števil
ke, pridobiti nove sodelavce in naročnike 
revije. 

Ob koncu tega sporočila še obvestilo 
avtorjem: rok za dostavo rokopisov je 30. 
junij 1991. 

K sodelovanju pri izdaji publikacije vabimo 
vse radiološke, nuklearnomedicinske in onko
loške ustanove v Jugoslaviji. 

Dr. Tomaž Benulič 
glavni in odgovorni urednik 

RADIOLOGIA IUGOSLAVICA, Onkološki inštitut, Zaloška 2, 61105 Ljubljana, Slovenija/ Ju
goslavija; Tel.: (061) 327 955; Fax: (061) 329 177 



KLINIČKI BOLNIČKI CENTAR »FIRULE« SPLIT 
SPLIT ZA RADIOLOGIJU MEDICINSKOG FAKULTETA U ZAGREBU 

KLINIČKA BOLNICA »DR OZREN NOVOSEL« ZAGREB 
DOM ZDRAVLJA »DR PETAR VITEZICA« SPLIT 

ANGIOGRAFSKA ANALIZA PATOLOŠKIH PROMJENA VERTEBRALNIH ARTERIJA U DIJAG
NOSTICI ISHEMIJE MOZGA 

ANGIOGRAPHIC ANALYSIS OF PATHOLOGICAL CHANGES OF VERTEBRAL ARTERIES IN THE 
DIAGNOSIS OF CEREBRAL ISCHAEMIA 

Gačina M, Hebrang A, Boschi S, Praprotnik T, Gačina P 

Abstract - The aim of this work was to prave angiographically the frequency of changes on the vertebral artery, 
subclavian artery and brachiocephalic trunk in patients with symptoms of cerebral ischaemia, to compare the 
results with the changes on the same arteries in patients without symptoms, and to find a correlation with 
pathological changes on the carotid artery. The examinations have been done by means of angiograms analysis 
in a hundred patients who underwent consecutive angiography of the aortic arch because of cerebrovascular 
ischaemia symptoms. The control group consisted of 30 patients without cerebrovascular ischaemia symptoms. 
The results have shown that pathological changes of vertebral arteries were 3.3 limes more frequent in the 
examined Ihan in the control group of patients. The greatest number of changes have been found in the examined 
group with milder degree of stenosis, as well as in kinking and hypoplasia of the vertebral arteries. Pathological 
changes of brachiocephalic trunk have been frequent too in the examined group (50%), and twice as frequentin 
subclavian artery. Opposite to this, pathological changes have been equally frequent in the control and examined 
groups. 

UDC: 616.831-005.4-07:616.134.9-073.75 

Key words: cerebral ischaemia, vertebral artery-radiography 

Orig sci paper 
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Uvod - Patološke promjene na vratnim arte
rijama mogu predstavljati hemodinamsku za
preku protoka krvi ili su izvor embolija u distalne 
intrakranijalne ogranke. Točnim prikazom mjesta, 
rasprostranjenosti i vrste patološkog procesa na 
arterijama kao i pružanjem uvida u kolateralnu 
cirkulaciju, angiografija je stvorila dobre uvjete 
za planiranje operativnog liječenja stenotičko-
obliterativnih promjena arterija. 

Medu najčeščim uzrocima ishemije mozga 
su patološke promjene na vratnim arterijama. U 
dijagnostici ishemije mozga pažnja je vrlo često 
usmjerena patološkim promjenama arterije karo
tis i njezinih ogranaka. U angiografskom prikazu 
u ovih bolesnika nerijetko nedostaje područje
vertebralnih arterija. Iz iskustva je poznata, a na
anatomskim studijima i potvrdeno, da doprinos i
udio vertebralnih arterija u opskrbi mozga može
biti znatan. Pri torne treba misliti i na arterije koje
dovode krv do vertebralnih arterija, a to su
trunkus brahiocefalikus i arterija supklavija.

U dosadašnjoj literaturi postoje oskudni po
daci o patološkim promjenama vertebralne arteri-

je, ali bez usporedne analize s kontrolnom skupi
nom bolesnika koji ne boluju od ishemije mozga. 
Zato su ti nalazi manjkavi, jer ne ukazuju na 
ovisnost moždane ishemije o promjenama verte
bralnih arterija. U stranoj literaturi nalazimo ra
dove u kojima su patološke promjene vertebral
nih arterija analizirane u sklopu analize luka 
aorte (1,2). U našoj literaturi nalazimo takoder 
analitičke radove o promjenama na ograncima 
luka aorte, takoder bez usporedbe s bolesnicima 
bez simptoma moždane ishemije (3). Iz ovog 
obrazloženja proizlazi, da če ispitivanje učestalo
sti patoloških promjena vertebralnih arterija u 
bolesnika s ishemijom mozga, uz usporedbu 
nalaza s angiogramima bolesnika bez ishemije 
mozga, prestavljati novi doprinos spoznaji o uzro
cima cerebrovaskularne insuficijencije. 

Materija! i metode - lspitivanu skupinu sači
njavaju bolesnici sa simptomima ishemije mozga. 
Kontrolna skupina su bolesnici bez simptoma 
takve ishemije. 
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Metoda proučavanja je usporedna analiza 
učestalosti, stupnja i vrste patološke promjene 
ekstrakranijalnih dijelova moždanih arterija kod 
ispitivane i kontrolne skupine bolesnika. 

lspitivanje obuhvaca 1 00 bolesnika uza
stopno upucenih na angiografiju luka aorte zbog 
simptoma ishemije mozga. Od tog broja su 7 4 
muškarca, a 26 žene. Najstariji bolesnik ima 75 
godina, a najmladi 32 godine (tabela 1 ). 

Tabela 1 - Dob i spol bOlesnika ispitivane skupine 

Table 1 - Age and sex of the patients in examined 
group 

Dob Muškarci Lene 
Age Male Female 

20-30 o o 

31-40 5 5 
41-50 23 10 
51-60 32 7 
61-70 9 3 
71-80 5 1 

UKUPNO 
74 26 

TOTAL 

Kontrolna skupina obuhvaca analizu angio
grama 30 bolesnika bez simptoma ishemije mo
zga. Od tog broja 21 je muškarac, a 9 žena. 
Najstariji pacijent ima 74 godine, a najmladi 29 
godina. Broj je znatno manji nego kod ispitivane 
skupine radi toga, jer je broj indikacija za angio
grafiju luka aorte kod takovih bolesnika neupore
divo manj i. Uputna dijagnoza pacijenata je: sta
nje nakon traume, kongenitalne anomalije luka 
aorte, otkrivanje tumora, sumnja na aneurizmu 
aorte (tabela 2). 

Tabela 2 - Dob i spol bolesnika kontrolne skupine 

Table 2 - Age and sex of the patients in controlled 
group 

Dob Muškarci Lene 

Age Male Female 

20-30 o 1 
31-40 2 o 

41-50 8 3 
51-60 6 4 
61-70 4 1 
71-80 1 o 

UKUPNO 
21 9 

TOTAL 
-

98 

Rezultati - Rezultati rada prikazani su tabe
larno u apsolutnim brojevima i u postocima. 

Broj promjena na trunkus brahiocefalikus u 
ispitivanoj skupini naden je u 15 (15% ), a u 
kontrol noj skupini u 3 (10%) bolesnika (tabela 3). 

Tabela 3 - Usporedni rezultati promjena na trunkus 
brahiocefalikus ispitivane i kontrolne skupine 

Table 3-Compared results of examined and controlled 
groups changes on brachiocephalic trunk 

lspitivana Kontrolna 
skupina skupina 
Examined Controlled 
group group 

Obliteracija 
o o 

Obliteration 

Stupanj 
stenoze 30% 12 (12%) 3(10%) 

50% 3(3%) o 

Degree of 90% o o 

stenosis 
---

»Kinking« 
Kinking o o 

Hipoplazija 
Hypoplasia o o 

U K U P N O  
T O T AL 15 (15%) 3(10%) 

Kod arterije supklavije broj patoloških pro
mjena u ispitivanoj skupini je u 48 (48%), a u 
kontrolnoj u 7 (23,3%) bolesnika (tabela 4). 

Obliteracija arterije vertebralis neznatno je 
češca u kontrolnoj u odnosu na ispitivanu sku
pinu ((16,6:11%) ali je izrazita razlika u svim 
oblicima stenoza u korist ispitivane skupine. Na
lazimo ih u 36 slučajeva (36%) u ispitivanoj, a 
samo 2 (3,3%) u kontrolnoj skupini. Razlika 
učestalosti «kinkinga» je isto upadljiva: 14 (14%) 
u ispitivanoj skupini, a 1 (3,3%) u kontrolnoj
skupini. Još vecu razliku nalazimo kod hipoplazi
ja: 16 ( 16 % ) u ispitivanoj, a niti jedan slučaj u
kontrolnoj skupini. Razlika učestalosti hipoplazija
i stenoza vertebralnih arterija izmedu ispitivane i
kontrolne skupine je najveca razlika koju smo
našli u našem ispitivanju. Učestalost broja svih
patoloških promjena arterije vertebralis izmedu
ispitivane i kontrolne skupine je 3,3 puta veca u
korist ispitivane skupine (77% :23,3%) (tabela 5).

Kod arterije karotis komunis ukupan broj svih 
patoloških promjena je u ispitivanoj skupini 27 
(27%), a u kontrolnoj 7 (23,3%) (tabela 6). Kod 
arterije karotis interne ukupan broj patoloških 

Radiol luqosl 1991; 25:97-101. 
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Tabela 4 - Usporedni rezultati promjena na arteriji 
supklaviji ispitivane i kontrolne skupine 

Table 4- Compared results of examined and controlled 
groups changes on subclavian artery 

lspitivana Kontrolna 
skupina skupina 

Examined Controlled 
group group 

Obliteracija D 
R 1 (1%) o 

Obliteration L 
L 3(3%) 1 (3,3%) 

D 
R 16(16%) 1 (3,3%) 

30% 
L 
L 18 (18%) 2(6,6%) 

Stupanj D 
stenoze R 1 (1%) 1 (3,3%) 

50% 
Degree of L 
stenosis L 4(4%) 1 (3,3%) 

D 
R 1 (1%) 1 (3,3%) 

90% 
L 
L 1 (1%) o 

»Kinking« D 
R 3(3%) o 

Kinking L 
L o o 

Hipoplazija D 
R o o 

Hypoplasia L 
L o o 

UKUPNO 
TOTAL 48 (48%) 7(23,3%) 

promjena je u ispitivanoj skupini 39 (39% ), a u 
kontrolnoj 12 (40%) (tabela 7). 

Rasprava - U našim istraživanjima obuhvatili 
smo različita patološka stanja na arterijama koja 
mozgu dovode krv, a koje mogu uzrokovati cere
brovaskularnu ishemiju. U interpretaciji rezultata 
treba uzeti u obzir da postoje i drugi razlozi kao 
što su metabolički poremecaji, hipertonija (4), 
hipotenzija (5), promjene kalibra (6). Za nastanak 
bolesti važna su i druga patološka stanja koja 
smanjuju priliv krvi u mozgu, kao arteriovenske 
fistule ili vazodilatacija ekstracerebralnih kao i 
intracerebralnih žila. 

Uz navedene uzroke ishemije mozga sva
kako da priliv krvi u mozak znatno otežavaju 
stenotičko-obliterativne promjene ekstra i intra-

Radiol lugosl 1991; 25:97-101. 

Tabela 5 - Usporedni rezultati promjena na arteriji 
vertebralis ispitivane i kontrolne skupine 

Table 5- Compared results of examined and controlled 
groups changes on vertebral artery 

lspitivana Kontrolna 
skupina skupina 

Examined Controlled 
group group 

Obliteracija D 
R 3(3%) _ 3(10%) 

Obliteration L 
L 8(8%) 2(6,6%) 

D 
R 15(15%) o 

30% 
L 
L 9(9%) o 

Stupanj D 
stenoze R 4(4%) o 

50% 
Degree of L 
stenosis L 4(4%) o 

---

D 
R 4(4%) 1 (3,3%) 

90% 
L 
L o o 

»Kinking« D 
R 7(7%) o 

Kinking L 
L 7(7%) 1 (3,3%) 

Hipoplazija D 
R 10 (10%) o 

Hypoplasia L 
L 6(6%) o 

UKUPNO 
TOTAL 77(77%) 7 (23,3%) 

kranijalnih arterija. Medu uzrocima ovih promjena 
po učestalosti na prvom mjestu je arteriosklero
za. Pri torne je stupanj arterioskleroze samo od 
relativnog značaja. Djelomično to pokazuje pre
raspodjela po dobnim skupinama u naših ispitani
ka. Najveci je broj u srednjoj dobnoj skupini 
(40-50 godina života). 

Kod proučavanja patologije vertebralnog arte
rijskog sliva moramo osim arterioskleroze uzeti u 
obzir i druge moguce uzroke opstrukcije. Neki od 
njih nisu još dovoljno poznati. Najbolje nam to 
ilustriraju obliteracije moždanih arterija u djece 
od 9-14 godina (7,8,9). Kao najčešci uzrok kom
presije arterije vertebralis navode rebro, »kin
king« ili zavojiti tok arterije, što može zbog 
narušavanja hemodinamike dovesti do tromboze. 
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Tabela 6 - Usporedni rezultati promjena na arteriji 
karotis komunis ispitivane i kontrolne skupine 

Table 6 - Compared results of examined and controlled 
groups changes on artery common carotid 

lspitivana Kontrolna 
skupina skupina 

Examined Controlled 
group group 

Obliteracija D 
R 2(2%) o 

Obliteration L 
L 1 (1%) o 

D 
R 11 (11%) o 

30% 
L 
L 11 (11%) 4(13,3%) 

Stupanj D 
stenoze R 2(2%) 1 (3,3%) 

50% 
Degree of L 
stenosis L o 1 (3,3%) 

D 
R o o 

90% 
L 
L o 1 (3,3%)

»Kinking« D 
R o o 

Kinking L 
L o o 

Hipoplazija D 
R o o 

Hypoplasia L 
L o o 

UKUPNO 
TOTAL 27 (27%) 7(23%) 

Sličan mehanizam nalazimo kod obliteracije ver
tebralnih arterija zbog prekomjernih pokreta 
vratne kralježnice (1 O, 11, 12). Nalazimo opise 
tromboze područja vertebrobazilarnog sustava 
bez vidljivih uzroka-pa-je autori nazivaju idiopat
skom (13). Dok se vecina autora slaže da je 
arterioskleroza glavni etiopatološki mehanizam 
stenotičko-obliterativnih promjena u području ar
terije karotis, iz navedenih primjera vidimo da su 
uzroci ishemije vertebrobazilarnog područja još 
nedovoljno razjašnjeni. U našim rezultatima našli 
smo znatno ve61!1 učestalost patoloških promjena 
na arterijama vertebrobazilarnog sustava nego li 
na arterijama karotidnog sustava. Ovaj nalaz još 
više naglašava važnost vertebrobazilarne cirku
lacije u etiopatogenezi moždane ishemije. 
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Tabela 7 - Usporedni rezultati promjena na arteriji 
karotis interni ispitivane i kontrolne skupine 

Table 7 - Compared results of examined and controlled 
groups changes on artery interna! carotid 

lspitivana Kontrolna 
skupina skupina 

Examined Controlled 
group group 

Obliteracija D 
R 2(2%) 1 (3,3%) 

Obliteration L 
L 1 (1 %) 1 (3,3%) 

D 
R 10(10%) 2(6,6%) 

30% 
L 
L 14(14%) 2(6,6%) 

---

Stupanj D 
stenoze R 4(4%) 3(10%) 

50% 
Degree of L 
stenosis L 2(2%) 2(6,6%) 

---

D 
R 2(2%) o 

90% 
L 
L 4(4%) 1 (3,3%) 

»Kinking« D 
R o o 

Kinking L 
L o o 

Hipoplazija D 
R o o 

Hypoplasia L 
L o o 

UKUPNO 
TOTAL 39 (39%). 12(40%) 

Najznačajniji naš nalaz je podjednaka učesta
lost patoloških promjena na arteriji karotis u 
bolesnika sa simptomima ishemije mozga kao i 
bez tih simptoma, odnosno sasvim suprotno 
onom kod vertebralnih arterija. U literaturi nema 
podataka o angiografski dokazanim stenotičko
obliterativnim promjenama u bolesnika bez mo
ždane ishemije i to radi toga jer takvi bolesnici 
rijetko dolaze na angiografiju. U analizi broja 
moždanih udara u bolesnika s ishemijom u pod
ručju arterije karotis i onih s ishemijom u području 
arterije vertebralis postoje različiti podaci. Prema 
nekim autorima bolesnici s vertebrobazilarnom 
insuficijencijom rjede doživljavaju moždani udar 
(14, 15). Drugi autori navode pak podjednaku 
učestalost moždanih udara kod bolesnika s ishe-

Hadiol luQ0sI1991: 25:97-101. 
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mijom karotidnog kao i u bolesnika s ishemijom 
vertebrobazilarnog područja ( 16). 

Zaključak - Stenotičko-obliterativne pro
mjene u ispitivanoj i kontrolnoj skupini jednako 
su česte na arteriji karotis komunis i arteriji 
karotis interni. 

Stenotičko-obliterativne promjene u području 
arterije vertebralis tri puta su češce u ispitivanoj 
skupini. Samo obliteracije u području arterije 
vertebralis čak su nešto vece u kontrolnoj nego 
u ispitivanoj skupini. »Kinking« i hipoplazija arte
rije vertebralis znatno su češce u ispitivanoj nego
u kontrolnoj skupini, što ukazuje na uzročnu
povezanost ovih promjena sa simptomima ishe
mije mozga.

Sažetak 

Cilj ispitivanja ovog rada bio je angiografski utvrditi 
učestalost promjena na arteriji vertebralis, supklaviji i 
trunkus brahiocefalikusu kod bolesnika sa simptomima 
·ishemije mozga, usporediti nalaze s promjenama istih
arterija kod bolesnika bez simptoma, te pronači korela
ciju s patološkim promjenama na arteriji karotis.

lspitivanja su obavljena analizam angiograma 100 
bolesnika koji su uzastopno upučeni na angiografiju 
luka aorte zbog simptoma cerebrovaskularne Jshemije. 
Kontrolnu skupinu sačinjava 30 bolesnika bez sim
ptoma cerebrovaskularne ishemije. Rezultati su poka
zali da su patološke promjene arterije vertebralis 3,3 
puta češče u ispitivanoj, nego u kontrolnoj skupini. 
Največe razlike u korist ispitivane skupine našli smo 
kod blažeg stupnja stenoze, zalim kod »kinkinga« i 
hipoplazije arterije vertebralis. Patološke promjene 
trunkus brahiocefalikusa bile su takoder češče u ispiti
vanoj skupini (za 50%), a kod arterije supkalvije dvo
struko češče. Suprotno torne, stenotičko-obliterativne 
promjene ekstrakranijalnih dijelova arterije karotis našli 
smo jednako često u kontrolnoj i ispitivanoj skupini. 

Radiol lugosl 1991, 25:97-101. 
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ANOMALIES OF INTESTINAL ROTATION ANO FIXATION IN RADIOLOGICAL FINDINGS 

Frkovic M, Šimunic S, Mandic A, Bradic 1, Kačic M, Vučkovic R, Dujšin M 

Abstract - The term malrotation of the bowel loops includes anomalies of all stages of embryonal development 
and all onthogenically different bowel segments. To recognize these anomalies it is necessary to know the 
onthogenic and embryonal stages of bowel development, the anatomic changes and pathophysiology which 
occurs as a result of the abnormal development. During the 7-year period (1981-1987) the gastrointestinal tract 
was x-rayed in 14 364 patients. Malrotation of the bowel loops was tound in 1 017 (7.1 % ) patients of which 555 
(54.6 %) were males and 462 (45.4 %) temales, (ratio 1.2: 1). With regard to onthogenetic development the 
most frequent anomalies were the anomalies of the midgut, umbilical loop, respectively - 590 (58 % ). With regard 
to embryologic stages of development, the most trequent were anomalies of the lll rd embryologic stage or 
intestinal fixation - 896 (88.1 % ). Anomalies of intestinal rotation and fixation were most frequently noted in adults 
- 707 (69.5 %).
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lntroduction - In many patients who under
went gastrointestinal examination we found that 
the etiological cause of their disturbances was 
the presence of anomalies of rotation and fixation 
of the bowel. Since this pathology was mainly 
analysed in pediatric and surgical journals, and 
all radiologic findings, although important and 
indispensable part of diagnostico-therapeutical 
treatment, were usually only occasionally mentio
ned, we felt the need to demonstrate this problem 
from radiological point of view. 

lnsufficient understanding of embryonal deve
lopment and pathologic changes that result from 
the deviation from the usual course of develop
ment we consider partly, the cause of inadequate 
clinico-radiological treatment, which we specially 
stress in this study. 

Malrotation is the term (etymologically malus, 
MALUM - L. ill-disease, rotatio - rotation) that 
includes a great number of various types of 
incomplete or abnormal bowel rotation around 
arteria mesenterica superior and failure of bowel 
fixation to the posterior abdominal wall, although 
it is mainly used for special types of anomalies. 
We think that the term «anomalies of rotation 
and fixation of the bowel» is more adequate 
because it includes the anomalies of ali embryo-

nal stages of development and ali ontogeneticaliy 
different bowel segments. 

Etiologically, these anomalies, as the anoma
lies in general, are results of mosaic impressions 
of endogenetic and exogenic teratogenetic fac
tors without the possibility of determining the 
participation of any of them. The mechanism of 
their acting is to delay the development, due to 
which at the certain point the course of develop
ment takes different direction. 

Ontogeneticaliy, the duodenum develops 
from the foregut in its proximal part. From the 
midgut, umbilical cord, develops the aboral part 
of duodenum, jejunum and ileum, cecum and 
ascending colon and the proximal part of the 
transverse colon. The hindgut is the base of the 
aboral part of the transverse colon, descending 
colon, sigmoid, rectum, the upper part of the anal 
canal and one part of the urogenital system. 

The first stage of embryonal development is 
characterized by the change of form and position 
of the stomach and umbilical cord - they move 
from sagital to fronta! plane. 

In further development, characterized by 
quicker growth in length of bowel loops than the 
growth of abdominal cavity (1,2,3) the bowel 
develops in the celom of the umbilical cord, so 
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we speak about physiological umbilical hernia 
(3,4). 

The second stage of development is charac
terized by »the rotation of the bowel in more 
narrow sense« and it refers to the changes of 
position of the bowel, derivative of umbilical cord 
(5,6,7), although it includes complete alimentary 
tract (8,9). At the same tirne there is proximally 
induced rotation of the duodenojejunal segment, 
and distally of the cecocolic segment of the 
umbilical cord, around arteria mesenterica supe
rior as the axis of rotation,, tor 270° in counter 
clockwise direction »steering wheel shape« (8) 
(Fig. 1 ). The hindgut is thus, together with its 
mesentery, pushed to the left, therefore not 
being particularly involved in the process of 
rotation (9). 

In the third stage of embryonal development 
a unique dorsal mesentery differentiates and 
attaches to the posterior abdominal wall, thus 
forming 3 fields of secondary peritoneum. Radix 
of mesentery has the oblique grip which extends 
from the doudenojejunal flexure to the ileocecal 
junction. 

In pathologic anatomy it is generally important 
to make distinction between anomalies of rotation 
and fixation of gastroduodenal and umbilical 
cord examination during developmental stages, 
and they are often found in combination. 

Anomalies of rotation and fixation of gastro
duodenal loops present as inverse rotation of 
gastroduodenal loops, or an the error in fixation 
of the duodenum to the posterior wall, in which 
case mobile duodenum persists (1 O). 

By incomplete growth and elongation of the 
ascending part of the duodenum a mixed form of 
duodenal anomaly will develop (1 O, 11, 12) so it is 
possible to speak about this form as an anomaly 
of rotation of the umbilical cord. 

Anomalies with complete absence of rotation 
of the umbilical cord will not be found in viable 
children. 

Malformations in form of persisting greater or 
lesser omphalocele or remaining omphalome
senteric ductus (in the form of Meckel's diverticu
lum, yolk cord with umbilical sinus, yolk cyst or 
yolk fistula (13)) can remain from the first stage of 
embryional development of the bowel. 

lf the process of rotation of either duodenoje
junal or cecocolic segment or both develops in 
some other direction and stops at some other 
stage, various forms of malrotation can develop. 
Therefore, inevitably and often in the cases in 
which the rotation was in normal direction and 
complete, fixation of the bowel to the posterior 
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abdominal wall fails. Thus volvulus can develop 
as an acute or chronic condition, as well as 
abnormal connections with consequential extra
luminal bowel compression, and more or less 
obvious signs of obstruction in passage. These 
conditions are the cause of intraabdominal her
nias (14, 15). For diaphrampatic hernias, whether 
protrusion of abdominal viscera through physiolo
gical orifices in the diaphragm or through the 
patologic congenital or posttraumatic orifices, it 
is important that, as precondition, there is accen
tuated mobility of abdominal organs which be
come the content of hernia. 

Pathologic physiology: the anomalies of rota
tion and fixation of the bowel do not cause the 
disturbances of physiological functions until com
plications and volvulus develop. 

In acute volvulus by mechanical occlusion of 
blood vessels, the primary venous drainage is 
compromised and afterwards also lymphatic and 
arterial circulation and innervation (16, 17). 

The resulting ischaemic lesions lead to bowel 
necrosis with all further complications (bleeding, 
perforation). 

In chronic volvulus the process of torsion 
repeats or progressively advances and causes 
gradual lesion of circulation and innervation, 
which damages the absorbtion function of bowel 
mucosa, which then results in the disturbances 
in clinical status of patients (18). 

Patients and methods - We retrospectively 
reviewed 14 364 patients which underwent exa
mination of the during 7-year period (1981-1987) 
gastrointestinal tract. Among them were 2268 
children (15,7%) in the age of 15 years, of which 
132 (0,9%) were up to 1 year old. In the exami
ned group there were 1017 (7,8%) patients with 
the finding of anomalies of rotation and fixation 
of the bowel. 

Since the age range is markedly wide, from 
the moment of birth until the very old age, and 
owing to the specific pathology examined, it was 
not possible to define the age of patients with 
equidistal stages. For that reason we divided the 
examined patients in age groups characterized 
by the well known specific biophysical parame
ters, among which is calender duration of certain 
period of tirne. Thus we divided the patients into 
4 age groups. 

1 . neonatal period - from the birth until 28 
days of lite 

2. infantile period - until 1 year of age
3. childhood period - until 15 years of age
4. adolescent period - until 20 years of age

Radiol lugosl 1991; 25:103-8. 
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5. adult period - more than 20 years of age
at the tirne of radiologic examinations. 

We divided the findings of anomalies accor
ding to embryonal stages using Grob's schematic 
demonstration of anomalies ( 19), and according 
to ontogenetic development. We also examined 
the distribution of anomalies with regard to the 
age and sex of patients. 

In ali patients, the diagnosis of anomalies 
was made on the basis of classical radiologic 
imaging of the gastrointestinal tract. 

Plain radiograph of the abdomen was made 
in supine and upright position of patients, depen
ding on their condition. 

For gastroduodenal examinations and barium 
enema studies we mostly used a suspension of 
barium sulfate, 100-300 ml, and exceptionally 
we used watersoluble contrast medium, 10-30 
ml. 

lrrigoscopy was performed by applying dou
ble contrast enema. 

The examinations were performed on Garan
tix 1000 Siemens and Super 100 Philips units. 

We applied the usual electrical conditions 
suited to the constitution of patients. 

Results - According to embryional stages 
and in relation to the age of patients, the findings 
of anomalies of rotation and fixation of the bowel 
are shown in Table 1. 

According to ontogenetic development in re
lation to age and sex of patients the distribution 
of anomalies is presented in Tables 2 and 3. 

It is obvious that from the total number of 
found anomalies of rotation and fixation of the 
bowel the greatest number of anomalies refer to 
bowel segments of the umbilical cord. In propor
tion, this type of anomaly was mostly found in ali 
age groups (Table 2) and in neonatal age with 
the greatest relative value, 84.6%, (calculated by 
method of vertical 100 - the method of relative 
number). Mode for ali 3 types of anomalies is in 
adult age. 

In relation to the sex of patients (table 3) the 
result CHI square test is 22157 with 2 degrees of 
freedom and confidence limits P = 0.01 which 
indicates that there is a relationship bet
ween sex and types of anomalies. However, 
according to the results obtained by methods of 
association (Joul FI = 0.148, contingency coeffi
cient C= 0.146), the existing relationship is not 
of great intensity. 

Discussion - By defining the bowel as etiolo
gical, embryological, topographic and functional 
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Fig. 1 - »Steering-wheel shape« 

unity of alimentary tract, we inevitably, with the 
most frequently treated anomalies of the umbili
cal cord as derivative of midgut, examined the 
anomalies of position and fixation of the duode
num in the proximal segment of derivative of 
foregut, and the anomalies of aboral part of the 
colon, the derivative of hindgut. 

Based on our own experience we believe that 
schematic presentation of physiological process 
of rotation of the bowel as »steering wheel 
shape« (8) is simple, clear and adequate for the 
explanation of topographic relationships of the 
bowel noted in radiologic findings. The finding of 
anomaly of rotation and fixation of the bowel is 
sometimes difficult to define exactly and to in
clude in any of the given schematic frames 
(5,20,21) on direct surgical examination. It is 
understandable therefore, that it is a far greater 
problem in radiologic treatment where indirect 
methods are applied. lndeed, we think it is not 
necessary, because excessive bowel mobility 
due to the absence of fixation offers many possi
bilities for change - from normal bowel position 
to volvulus and complete obstruction of bowel 
lumen between 2 radiologic treatments and even 
during a single radiologic treatment. 

In total, anomalies of rotation and fixation of 
the bowel are more often found in men than in 
women, which is demonstrated in relation 1.2:1 
and it correlates with well known facts about the 
incidence of these anomalies in relation to sex. 
However, the data from literature about the inci
dence in general population (1-2%) (22,23,24) 
differ a great deal from our results (7 .1 % ) . These 
results, partly from the fact that in many patients 
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Table 1 - Embryonal stage and type of anomalies in relation to the age of patients (N=1017) 

Embryonal stage Anomalies 1. 2. 3. 4. 5. Total % 

Omphalocele 11 11 1, 1 

l. Ductus omphalomesen-
N'=18(1,77%) tericus persistens 1 2 1 4 0,4 

Meckel's diverticulum 1 2 3 0,3 

Malrotation (type 1 
and II, non-rota-
tion, reversed rotation) 24 10 6 13 26 79 7,8 

II. lntrinsic herniae 2 2 0,2 

N"=103(10,13%) Congenital diaphrag-
mal herniae 2 7 13 22 2,1 

Duodenum mobilae 7 9 10 13 349 388 38,2 

Coecum mobilae 2 16 29 44 160 251 24,7 

III. Anomalies of growth of 
N"'=896(88%) mesentery and bowel 

fixation 5 1 12 53 147 218 21,4 

Anomalies of hindgut 
rotation and fixation 1 2 6 10 20 39 3,8 

TOTAL 52 46 79 133 707 1017 100 

Explanation: 1 . - neonatal period N'= number of anomalies in the 1st embryonal stage 
2. - infantile period N"= number of anomalies in the llnd embryonal stage 
3. - childhood period N'"=number of anomalies in the lll'd embryonal stage 
4. - adolescence period 
5. - adulthood period 

Table 2 - Demonstration of anomalies of intestinal rotation and fixation according to ontogenetic development in 
relation to the age of patients (N=1017) 

Anomalies 1. 2. 3, 4. 5. Tota! % 

A. 7 9 10 13 349 388 38,2 
B. 44 35 63 110 338 590 58 
C. 1 2 6 10 20 39 3,8 

-

TOTAL 52 46 79 133 707 1017 100 

Explanation: 1. - neonatal period A. - anomalies of duodenum, segment of foregut
2. - infantile period B. - anomalies of umbilical loops, of midgut
3. - childhood period C. - anomalies of hindgut
4. - adolescence period
5. - adulthood period

(14364) we found anomalies of rotation and 
fixation of the bowel of all ontogenetically diffe
rent bowel segments and from all embryonal 
stages of bowel development. We think that 
more important cause of this difference is also in 
the fact that the interpretations of radiologic 
findings are part of pediatric and surgical studies 
(4,5,8, 19,20,21,23-31) and their treated patients 
are strictly specific. For pediatrics these patients 
are children with chronic recurrent abodminal 
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pain often characterized as psychogenesis. For 
pediatric surgeons that is as a rule a small group 
of patients in which these anomalies are manife
sted with complications of high ileus or acute 
volvulus, where a surgical intervention of patholo
gic condition was necessary. In adult patients 
along with anomalies there are often another 
pathologic substrates which is of greater impor
tance in clinical picture without defining their 
eventual cause-effect relationship. Since the aut-
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Table 3 - Demonstration of anomalies it intestinal rotation and fixation according to ontogenetic development, in 
relation to the sex of patients (N=1017) 

Sex A. B. C. TOTAL % 

male 176 358 21 555 54,6 
temale 212 232 18 462 45,4 

TOTAL 388 590 39 1017 100 

Ratiom:f 1 :1,2 1,5:1 1,2:1 1,2:1 

Explanation: A. - anomalies of duodenum, of foregut 
B. - anomalies of umbilical loops, of midgut 
C. - anomalies of hindgut 

hors used radiologic files and didn't have infor
mations about the methods usej and interpreta
tions of examinations, the explanations of fin
dings are insufficient and errors are inevitable. 

The data according to which chronic volvulus 
is considered to be an etiological cause of distur
bances in 25% of the patients from the total 
number of patients hospitalized due to pain in the 
abdomen, and in 10% of children who were 
hospitalized due to the problem (34), confirm our 
statement that these anomalies are not rare 
findings and are not without importance as it is 
often believed. 

Above mentioned facts can serve as an 
explanation tor the differences in data about age 
of patients with anomalies. Namely, Snyder (4,8), 
EI Gahari (25) et al. (32,33,34) report that 50-
70% of these anomalies are manifest even in 
neonatal period and only 20% are diagnosed 
after first year of lite (25,35-38). We have found 
nearly 70% of these anomalies in adults, which 
correlates with a number of examined patients, 
and with importance, range and expressiveness 
of anomalies in clinico-radiological picture. 

The number of radiologic studies dealing with 
this problem is relatively small, and the demons
tration of anomalies is fragmentary (36,39-44). 
Thus. tor our sample of found pathology, which 
to some extent can present the sample of popu
lation in general, we could neither find nor form 
otherwise indespensable control group of pa
tients. That is because in the literature we have 
not found a similar demonstration, and here we 
have exact problems in population with added 
risk linked with x-ray. 

There are various data about accuracy of 
radiologic diagnoses (25,37) and they are mainly 
based on the analysis of a small group of patients 
in preoperative treatment of examined patients. 
Such data do not provide the exact insight into 
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the frequency of these anomalies in general 
population, or perhaps in a more specifically 
defined pattern of population with abdominal, 
gastrointestinal disturbances, and similar disor
ders. 

Sažetak 

ANOMALIJE ROTACIJE I FIKSACIJE CRIJEVA U 
RADIOLOŠKOJ SLICI 

Termin anomalije rotacije i fiksacije crijeva, ili malro
tacija u najširem smislu, obuhvaca anomalije svih 
stadija embrionalnog razvoja i svih, ontogenetski razli
čitih, segmenata crijeva. 

Za prepoznavanje ovih anomalija u radiološkom 
nalazu neophodno je poznavanje embrionalnog razvoja 
crijeva, patoanatomskih i patofizioloških promjena koje 
nastaju kao posljedica odstupanja od normalnog razvo
ja. 

U sedmogodišnjem periodu (1981-1987) pri radio
loškom pregledu gastrointestinalnog trakta 14 364 bo
lesnika, našli smo 1 017 (7.1 %) bolesnika s anomali
jama rotacije i fiksacije crijeva, od čega 555 (54.6 % ) 
muških i 462 (45.4 % ) ženskih, odnosno u omjeru 1.2 
: 1. 

S obzirom na ontogenetski razvoj utvrdili smo da su 
najbrojnije anomalije srednjeg crijeva, pupčane petlje -
590 (58 %). 

S obzirom na embrionalne stadije najbrojnije su 
anomalije III. embrionalnog stadija, anomalije fiksacije 
crijeva - 896 (88.1 %). 

Anomalije rotacije i fiksacije crijeva evidentirali smo 
u najvecem broju u odraslih bolesnika - 707 (69.5 % ). 
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MINOR DEFORMACIJE I ARTROZA KUKA 

MINOR DEFORMITIES ANO OSTEOARTHRITIS OF THE HIP JOINT 

Strinovi6 B, Vidakovi6 Z 

Abstract - In order to assess the presence of any minor deformities responsible for the incongruity of the hip 
joint and consequential degenerative changes, the radiographies of the hips in 332 normal adults were examined. 
The deformities comprised imperfect acetabular development - acetabular dysplasia, and the tilt deformity of the 
femoral head as a residual condition of epiphyseolysis in adolescence. Using Wiberg's CE-angle, acetabular 
dysplasia was found in 13.8% of cases; the tilt deformity, using the technique by Murray, was confirmed in 9.8%. 
It is considered that these minor anatomical abnormalities can be recognized by more accurate examination of 
pelvic radiographs and that their presence should indicate joint incongruity and potential osteoarthritic changes. 
Earlier recognition of these deformities enables earlier and simple treatment and arrest of the hip joint decline. 
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Uvod - Artroza kuka je česti uzrok fizičke 
nesposobnosti koja se u različito teškim oblicima 
javlja u srednjim i kasnijim godinama života. Na 
važnost ovoga problema mogu najviše ukazati 
epidemiološke analize kretanja artroze kuka u 
populaciji. One su u našoj sredini manjkave. 

Artroze kuka se obično dijele na primarne i 
sekundarne. Kod primarnih se artroza nastanak 
pripisuje odredenim unutarnjim degenerativnim 
procesima zglobne hrskavice, a kod sekundarnih 
prethodno nastala bolest deformira zglob na 
način koji vodi lokaliziranom degenerativnom 
propadanju zglobne hrskavice. Kao najčešci uz
roci sekundarne artroze navadi se prirodeno 
iščašenje kuka, Perthesova bolest, aseptička ne
kroza glave femura i epifizeoliza. U nizu izvje
štaja pojedinih autora vidljivo je da kod gotovo 
polovine bolesnika sa artrozam kuka nije utvrden 
primarni uzrok nastanka bolesti (1, 2, 3) . Takovi 
su slučajevi opisani kao »primarni«, »idiopatski« 
ili nepoznati. 

Po Murray-u (4) slučajevi primarne artroze 
vrlo su često rezultat manjih defromacija kuka. 
Ovakove manje promjene autor nalazi kod epifi
zeolize glave femura i acetabularne displazije, a 
<oje su dovoljne da remete kongruentnu funkciju 
lgloba i tirne oštecuju globnu hrskavicu. U radio-
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loškoj studiji na 200 slučajeva primarne artroze 
kuka isti autor uspijeva potvrditi odredene defor
macije u 65% slučajeva. To ga je potaklo da 
postavi zahtjev revizije podjele artroza. Rad Salo
mona (5) daljnje je nastajanje na navoj koncepci
ji. Njegova studija obuhvaca 327 slučajeva ar
troze kuka gdje autor klinički i radiološki nalaz 
veže na pata-anatomske promjene tkiva dobive
nih kod operacije na zglobovima. Displastičnu 
čašicu nalazi u 20% slučajeva, a blaže oblike 
epifizeolize u 18% slučajeva. Samo u 27 sluča
jeva ne uspijeva utvrditi prethodne primarne pro
mjene zgloba. 

Materija! i metode - Želeci ispitati koliko su 
manje anatomske deformacije, a koje mogu biti 
značajne u razvoju artroza, prisutne u populaciji 
odraslih osoba, provedena je obrada kukava u 
21 O žena i 122 muškaraca. Za tu svrhu korišten 
je materija! istraživačkog rada koji obuhvaca 
razvoj kukava djece rodene u rodilištu Kliničke 
bolnice »Dr M.Stojanovi6« u Zagrebu. Kod rodite
lja djece sa kliničkim normalnim kukovima izvr
šen je pregled kukava koji uključuje radiografiju 
u antero-posteriornoj projekciji. Na ovim kuko
vima ispitana je prisutnost minor deformacija sa
posebnim naglaskom na acetabularnu displaziju
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i epifizeolizu glave femura. Starosna dob ispita
nika kretala se od 18 do 47 godina. 

Acetabularna displazija 

Displastički razvoj acetabuluma najčešce je 
vezan na prirodno iščašenje kuka. U znatno 
manjoj mjeri susrece se kod osteohondritisa i 
različitih oblika klijenuti gdje u osnovi manjka 
potreban stimulans razvoja čašice. Medutim, 
plitku čašicu veceg ili manjeg stupnja može se 
naci i kod odraslih osoba bez utvrdenih poreme
caja u razvoju zgloba. Preciznije razlikovanje 
težih od lakših stupnjeva displazija, te razvoj 
acetabuluma praktički se utvrduje pomocu linear
nih i kutnih mjera. Geometrijski postupak utvrdi
vanja displatičnog acetabuluma opisao je Wiberg 
(6) u poznatoj monografiji. Po torne CE-kut,
koga tvori središte glave femura i vanjski rub
acetabuluma biva prihvacen kao primjereno mje
rilo stupnja razvoja acetabuluma. Na osnovu
brojnih analiza Wiberg utvrduje da vrijednosti
CE-kuta vece od 25° predstavljaju normalne
kukove odraslih osoba, da se granične vrijednosti
krecu izmedu 25-20°, dok su one sa 20° i niže
patološke i indikativne za acetabularnu displaziju.
Te su podatke kasnije potvrdili i drugi autori (7,
8).

U našem radu korištena je metoda Wiberga. 
Ce-kut čini vertikalna linija koja presjeca sjedište 
glave femura sa linijam koja povezuje sjedište 

\ 

' '\ 
' 

' 

B 

glave sa vanjskim rubom acetabuluma (slika 1 ). 
Središte glave femura očitava se pomocu · kon
centričnih krugova na transparentnoj foliji coxo
metra. Mjerenja je vršila jedna osoba, a pri 
ponovljenom očitavanju potvrdena je sigurnost 
mjerenja u razlici od 1 °.

Epifizeoliza glave femura 

Epifizeoliza je bolest vezana na intenzivni 
rast u adolescentno doba. Patološke se pro
mjene svode na odvajanje ploče rasta pri čemu 
epifiza klizi straga i medijalno. Bolesnici se tuže 
na šepanje i bo love u kuku i ,1(oljenu koji mogu 
duže potrajati. često poteškoce nastaju postepe
no, a šepanje bez prisutne boli može biti jedini 
znak epifizeolize. 

Radiološki nalaz kod epifizeolize ukazuje na 
traumatsko porijeklo šlo je zaključiti iz nastupa 
pregradnje metafize koja se tako prilagoduje 
kliznucu epifize glave femura. Slijedi koštana 
resorpcija na vanjskoj strani metafize, dok se sa 
unutarnje strane javlja apozicijski rast. Takvo 
oblikovanje stvara sliku deformacije nagiba glave 
femura kakova se otkriva kod artroza pretežno 
muških bolesnika. Uz varus nagib glave femura 
dolazi i do skracenja vrata femura zbog oštecenja 
rasta u tom području. 

Za potrebe statističke avaulacije ove defor
macije korisna je metoda koju je opisao Mur
ray (4). Svrha je mjerenja da se usporede dijelovi 

--+-++-+++-f-+...,_----------A 
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Slika 1 - Metoda po Wibergu 

Fig. 1 - Method according to Wiberg 
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glave femura sa svake strane linije povučene 
sredinam vrata femura, a tirne i brojčano izrazi 
stupanj kliznuca epifize. Najprije se utvrdi sredi
šnja točka udaljenosti lateralnog ruba velikog 
trohantera i medijalnog ruba malog trohantera. 
Na isti se način označi središnja točka udaljenosti 
najužeg dijela vrata femura. Obje se središnje 
točke povezuju linijam koja se produži u područje 
glave femura. Na kraju se utvrde izbočena mjesta 
glave femura, te spoje crtom koja presjeca nave
denu središnju liniju. Sada se izmjere udaljenosti 
rubova glave do središnje linije, dobiveni iznos 
lateralne strane podijeli sa onim medijalne i tako 
dobije koeficient glave femura. Primjena ove 
metode prikazana je na slici 2. 

Rezultati - Ac e t a b  u I a r n  a d i p I a z  i j  a 
Obrada kukava po Wibergu pokazala je 

stalnu prisutnu razliku izmedu muških i ženskih 
kukava, kao i izmedu desne i lijeve strane. Tako 
je srednja vrijednost CE-kuta kod ženskog spola 
iznosila za desni kuk 32,9°-5,5°, a za lijevi kuk 
31,6°-5,4°. Kod muškog spola srednja vrijednost 
CE-kuta za desni kuk iznosila je 35,9° -5,7°, a za 
lijevi kuk 33,9° -5,6°. Od ukupno 337 ispitanika 
granične su vrijednosti CE-kuta od 25 - 20°na
dene u 19 slučajeva (5,6% ), a patološke vrijed
nosti od 20° na niže potvrdene u 1 O ispitanika 
(2,9%). Odnos je spola za obje skupine bio 25 F 
: 5 M. U jednom slučaju nadene su patološke 
vrijednosti CE-kuta obostrano, a u 5 slučajeva 
na desnom, dok su 4 na lijevom kuku. Kontralate
ralni kukovi sadržavali su vecinom vrijednosti 
manje od 25°. 

Ep i f i z e o l i z a  g l a v e  f e m u r a  
Značajno je da je epifizeoliza potvrdena u 

ispitnom materijalu isključivo kod muškog spola. 
Od 122 ispitanika deformacija nagiba glave fe
mura nadena je u 12 slučajeva (9,8% ). Koeficient 
glave femura kao mjerilo stupnja deformacije 
mjeren je na oba kuka, a iz njihova zbira izraču
nata je srednja vrijednost koeficienta koja se 
kretala od maksimalne 1,72 do minimalne 0,73 
sa prosječnom vrijednošcu 1 , 16. Za pretpostaviti 
je da kukovi sa vecim vrijednostima koeficienta 
glave femura podliježu artrotičnim promjenama. 
U jednom jedinom slučaju nadena je deformirana 
glava femura sa varus deformacijam vrata kao 
posljedica preoboljelog Perthesa u dječjoj dobi. 

Rasprava - Radovi publicirani zadnjih godina 
uvjerljivo potvrduju da je znatan dio artroza kuka 
sekundarne naravi, te da se u stvari nadovezuje 
na vec prisutne deformacije zglobnih tijela (4, 5). 
Posebno je značajno da u adolescenata nala-
Radiol lugosl 1991; 25:109-13. 
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Linija AA - spojnica vanjskog ruba velikog trohantera i unutar
njeg ruba malog trohantera 

Line AA - line connecting the outer margin of trochanter major 
and the inner margin of trochanter minor 

Linija BB - spojnica najužeg dijela vrata femura 

Line BB - line connecting the narrowest pari of the femoral 
neck 

Linija CC - spojnica središnjih dijelova linija AA i BB 

Line CC - line connecting midporlions of lines AA and BB 

e - spojnica vanjskog dijela glave s linijom CC 

e - line connecting the outer pari of the femoral head with line 
CC 

f - spojnica unutarnjeg dijela glave s linijom CC 

f - line connecting the inner pari of the femoral head with line 
CC 

elf = koeficijent glave femura 

elf = coefficient of the femoral head 

Slika 2 - Metoda po Murray-u 

Fig. 2 - Method according to Murray 

zimo ovakove etablirane morfološke promjene 
na zglobu kuka, a kao posljedicu razvoja displa
stičkog zgloba kuka ili epifizeolize- (!}, 1 O, 11 ). 
Rezultati ovog rada potvrduju značajnu prisutnost 
minor deformacija na kukovima populacije odraslih 
osoba. Treba naglasiti da se u najvecem broju 
radi o asimptomatskim kukovima. Korištenjem 
Wibergova kriterija nadene su vrijednosti CE
kuta niže od 25° u 29 slučajeva (13,8%) i to u 24

žene i 5 muškaraca. Ovdje je odnos pola gotovo 
identičan onom kod prirodenog iščašenja kuka. 

111 



StrinoviC B, VidakoviC Z. Minor deformacije i artroza kuka 

Epifizeoliza u slici deformacije nagiba glave fe
mura potvrdena je u 12 slučajeva (9,8%) i to 
isključivo u muškog spola. Ovdje odnos spolova 
odudara od onog kod klasične epifizeolize u 
korist ženskog spola. 

Podaci o incidenciji displastičnog acetabula u 
zdravoj populaciji su u literaturi dosta oskudni. 
Murray (4) nalazi CE-kut manji od 25° u 3% 
brojčano male populacije. Wynne Davies (8) na
vodi identičnu incidenciju u skupini od 159 radio
grafija kukova. 

U tumačenju razvoja displastičnog acetabula 
više autora (8, 12) smatraju odgovornim nasljedne 
faktore. Osnovnu smetnju u razvoju zgloba čine 
labavost periartikuliranih tkiva koja je često pri
sutna medu članovima obitelji. Labava zglobna 
čahura i ligamenti ometaju kongruentnost zglo6-
nih tijela, a rezultat takovih smetnji je manjkavo 
formirani acetabulum. Nalaz displastičnog aceta
bula provlači se nezapaženo i nakon završenog 
razvoja zgloba do javljanja simptoma u odrasloj 
dobi. 

Radiološki je displastični acetabulum uočen 
vec jednostavnim gledanjem. Promjene su 
obično izražene obostrano s predominacijom 
jedne strane. Kongruencija zglobnih tijela biva 
sačuvana, a nerijetko je prisutna i povecana 
anteverzija vrata femura. Tako se javlja preko
mjerno lateralno opterecenje zgloba pa je očeki
vati u daljnjem toku propadanje zglobne hrska
vice u području gdje se glava femura sudara s 
vanjskim dijelom acetabula. Dolazi do suženja 
zglobne pukotine, dok u rasterecenom dijelu 
glave zglobna hrskavica je sposobna za prolifera
ciju sa stvaranjem osteofita. 

Elmslie (13} je medu prvima koji izvještava o 
ranim artrotskim promjenama na prethodno na
stalim deformacijama kuka nakon epifizeolize 
glave femura. Law (14) zastupa mišljenje da su 
brojne artroze kod muškog spola rezultat epifi
zeolize manjeg stupnja koja nije stvarala poseb
nih teškoca u adolescenciji. Noviji radovi dovode 
ovu pojavu u vezu sa povecanom fizičkom aktiv
nošcu u adolescentno doba (11, 15). 

Deformacija nagiba glave femura po epifizeo
lizi radiološki je prepoznatljiva i lako se uočava 
na antero-posteriornoj slici. Glava femura nije 
kuglasta, više je čunjastog oblika i asimetrično 
namještena na vrat femura te se izbočuje nad 
donjom stranem vrata femura. Daljnji, gotovo 
stalni znak je zadebljanje medijalnog kortikalisa 
femura očita zbog novostvorene periostalne ko
sti. Klizanjem epifize prema straga i dalje prednji 
dio glave femura biva pojačano izležen opterece
nju. Stoga pokazuje oštecenje zglobne hrskavi-
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ce, dok je hrskavica u stražnjem dijelu očuvana 
te postepeno hipertrofira i stvara osteofite. 

Kliničku evaluaciju ovakovih radioloških na
laza trebaju ubuduce intenzivnije obradivati orto
pedi. Sa radiološkog gledišta minor deformacije 
vode ka inkongruenciji zgloba koja ce ubrzati 
degenerativno propadanje zgloba. Otkrivanje 
ovakovih deformacija u pristustvu minimalnih kli
ničkih simptoma ili u njihovoj odsutnosti ne znači 
da ce se bezuvjetno razviti artroza, ali da treba 
shvatiti kao upozorenje da je takav zglob sklon 
lošem razvoju. Bolesnika treba uputiti u moguci 
fizički hendikep kako bi shvatio potrebu ranog 
aktivnog liječenja i zaustavio daljnje nepovoljne 
promjene na zglobu. 

Sažetak 

Analizirani su radiogrami kukava 133 odrasle osobe 
kako bi se utvrdila prisutnost minor deformacija zglob
nih tijela koja dovode do gubitka kongruencije zgloba 
kuka i dalje do degenerativnih promjena. Svaki je kuk 
analiziran na prisutnost displastičnog acetabula i defor
macije nagiba glave femura koju uzrokuje epifizeoliza 
u adolescenciji. Stupnjevanje acetabularne displazije 
vršeno je pomocu Wibergova CE-kuta. Veličina nagiba
glave femura izračunata je koeficientom glave femura
po Murray-u. lncidencija vrijednosti CE-kuta manjeg
od 25°iznosila je 13,8% slučajeva, a deformacije na
giba glave nadene su u 9,8% pregledanih kukava. 

Vidljivo je da se ove minor deformacije mogu otkriti 
detaljnim pregledom radiografija kukava i da njihova 
prisutnost govori za inkongruentnost zgloba i potenci
jalne promjene u smislu artroze. Rano otkrivanje ovako
vih deformacija omogucuje ranije liječenje kao i uspora
vanje odnosno prekid propadanja zglobne hrskavice. 
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OMNIPAQUE (IOHEXOL) 140 FOR SELECTIVE RENAL 
INTRAARTERIAL DIGITAL SUBTRACTION ANGIOGRAPHY 
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Abstract - New technological inventions in the last two decades, based on digital techniques, have spurred great 
changes and improvements in diagnostical radiology. One of them is also digital subtraction angiography (OSA). 
Continuous research activities resulted in the analysis of new radiological diagnostic contrast media and in their 
quality improvements. One of such media is also Omnipaque (lohexol), manufactured by NYCOMED, Oslo, 
Norway. Authors are showing the values of two of these findings on 60 patients. Research was aimed at the 
possibility to spare patients from their reaction to the quantity and the concentration of contrast media in a selective 
renal arteries angiography usi�g the iaDSA. With the application of iaDSA it is possible to obtain diagnostically 
good angiograms with a smaller quantity of a lower contrast medium concentration which is less endangering and 
exerting for a patient and at the same tirne provides an economical effect with a cost decrease. 
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lntroduction - OSA was originally conceived 
for the intravenous application of contrast me
dium (ivOSA) with the purpose to display the 
arterial system. Using this method, it was possi
ble to avoid the arterial punction and catheteriza
tion, to simplify and shorten the procedure and to 
diminish the invasiveness of the angiography 
itself. 

In most cases (depending on blood circulation 
speed, the patient age and renal function), this 
method provides a satisfactory display of a higher 
volume aorta or arteries. For a detailed display, 
specially for arteries of a smaller volume, the 
intraarterial application of a contrast medium 
(iaOSA) is required (1-4). 

Conventional contrast media are well known 
for many undesirable effects. Some of them are 
pain and burning effect caused by a strong 
peripheral vasodilatation that appears with hyper
osmolality in relation to the blood osmolality. 
The synthesis of low-osmolal new contrast media 
provided higher safety and comfort for the pa
tient. One of these is also Omnipaque (lohexol), 
manufactured by NYCOMEO, Oslo, Norway. It is 
a three-iodine, water soluble, stable, low-osmolal 
and non-ionic contrast medium of the second 
generation. After a thorough experimental and 

clinical verification, it has been introduced for 
clinical application in 1980. 

There are numerous data in the domestic 
(5-14) and foreign literature (15-25) about the 
application and characteristics of Omnipaque 
and also about the contrast medium usage in 
OSA comparing to the conventional media (23-
37). 

Material and methods - The research was 
performed on 60 patients 26 - 62 years of age 
(average 40.5); of these 46 (76.7%) were men 
and 14 (23.3%) women. AII patients were direc
ted to the angiographic procedure under a clinical 
diagnosis of renovascular arterial hypertension. 

Angiographies were performed according to 
Seldinger's technique of percutaneous punction 
and a catheterization through the femoral artery, 
of which 56 (93.3%) through the right and 4 
(6.5%) through the left femoral artery. 

Catheters 4F or 5F for selective renal angio
graphy were used, manufactured by ANGIOMEO 
(Karlsruhe, Germany). Contrast medium Omni
paque 140 was injected in the quantity of 3-5 
ml/sec, a total of 7-8 ml, depending on the 
patient's constitution, the renal artery volume und 
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the kidney dimension. The aorto-renovasography 
survey was performed previously with Omnipa
que 300 in the quantity of 5-7 ml/sec, a total of 
15-21 ml. 

A serial X-raying of 3-4 frames/sec was done 
on a DIGITRON 2 equip._ment (with a basic 
system of Polydoros 100, Angioscope, Coordi
nate-Angio), manufactured by SIEMENS, Erlan
gen, Germany. 

Results - Research has shown that good 
quality diagnostic selective angiograms can be 
obtained with Omnipaque 140 in the iaDSA. The 
main trunk with segmenta! branches proved to 
be particularly accessible to the analysis compa
ring to tiny intrarenal branches. The intensity of 
renal parenchyma opacity was also good. De
pending on the patient's constitution, renal artery 
volume and the kidney dimension, Omnipaque 
140 was injected in the quantity of 3-5 ml/sec, 
total 7-8 ml. 
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Fig, 1 - Selective renal angiogram (iaDSA) (A) arterial 
phase, (B) nephrological phase 4/7 ml Omnipaque 140 
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For patients with a more delicate constitution 
and smaller kidneys 3 ml/sec was sufficient 
(total 7 ml) to obtain diagnostically acceptable 
angiogram (Fig. 1 ). 

For patients with a stronger constitution and 
bigger kidneys, 5 ml/sec (total 8 ml) was required 
(Fig. 2). 

Combined results of a selective iaDSA in 
relation to its diagnostical quality are shown in 
table 1. 

Discussion - OSA appeared as a result of 
severa! highly developped technologies, such as 
the electronic intensifier, videocamera, the tran
sfer of analogical signals into digital ones and the 
computer processing of a digital picture. By 
means of electronic substraction, such a system 
can intensify even slight differences of opacity 
densities before and after. the application of a 
contrast medium in the same part that is being 
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Fig, 2 - Selective renal angiogram (iaDSA) (A) arterial 
phase, (B) nephrological phase 3/6 ml Omnipaque 140 
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Table 1 - Diagnostic quality evaluation of selective 
renal angiograms at iaDSA 

Diagnostical Quantity of contrast medi um 
quality 

of angiogram 3-5/5-7 ml 4-5 /7-8 ml

GOOD 15 31 

(+++) 

SATISFACTORY 3 9 

(++) 

POOR 2 o 

(+) 

TOTAL 20 40 

examined. It provides a display of the contrast 
medium in a concentration of only 2% comparing 
to the conventional technique requiring a concen
tration of 40-50%. A picture signal is logarithmi
cally intensified and transformed into a digital 
form to be then transferred into the computer 
memory. Memory data can be transferred to the 
disc for a short-term application or to a tape for 
a long storage. Signals are monitored on a TV 
monitor and using a multiformat camera the 
substraction angiograms are then transferred to 
a single-layered classical X-ray film for a detailed 
analysis and lasting storage. 

Until now, OSA has not met the expectations 
to replace peripheral intravenous application of a 
contrast medium with an intraarterial method. 
However, good aorta and big arteries display can 
be obtained by central application of a contrast 
medium into the vene cava superior or inferior. In 
these cases, (ivOSA) the performance of angio
graphy is simplified and shortened and feasible 
also in out-patients. At the same tirne, it replaces 
the intraarterial punction and/or catheterization 
when these are not possible for some reason. 
For smaller arteries and a detailed analysis, the 
intraarterial method with catheterization (iaOSA) 
is till required. Comparing to the conventional 
method, the advantage is, among other things, 
that a considerably smaller quantity of a lower 
concentration contrast medium is sufficient (1-4, 
28-31, 34-37).

Conventional contrast media, owing to their
hypertonicity and chemotoxicity, can cause va
rious adverse effects. In the attempt to diminish 
the side effects as much as possible, the re
search laboratories are continously trying to im
prove media characteristics. One of their results 
is also the synthesis of a modem contrast me
dium called Omnipaque (lohexol), manufactured 
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by the factory NYCOMEO, Oslo, Norway. It is a 
threeiodine, water soluble, stable, low-osmotic 
non-ionic contrast medium of the second genera
tion. After several years of experimental and 
clinical research, the medium appeared in clinical 
application in 1980. Oue to its low osmotic va
lues, small chemotoxicity and high tolerance, it 
has proved to be suitable for all vascular, suba
rachnoid and other applications on a large scale 
of concentration. Beside its low osmotic values 
and low viscosity when warmed to the body 
temperature, it is bound to the proteins in human 
plasma with only 1.5%. It releases only 10% of 
disposable histamine, it causes less damages to 
the endothelium, it affects the cardiovascular 
system less as well the central nervous system. 
It is eliminated through the urine and extracted 
entirely within 24 hours. Comparing to the con
ventional contrast media, it is less risky for 
patients with renal insufficiency and also suitable 
for children (3.5-13, 15-26). 

Our research has confirmed well known facts 
that a considerably smaller quantity of lower-con
centrated Omnipaque is sufficient for the iaOSA 
and a selective display of renal arteries. 

Conclusion - The intraarterial application of 
the contrast medium and the X-ray equipment for 
OSA have contributed to good quality diagnostic 
angiograms with a considerably lower concentra
tion of contrast medium. 

The synthesis of contemporary highly tolerant 
non-ionic, low-osmotic contrast media improved 
the safety and comfort of patients. The usage of 
a high-flow thin-wall catheter 4F or 5F should not 

be disregarded. 

Omnipaque (lohexol) 140 has proved to be 
suitable for good quality diagnostic selective 
renal angiograms at iaOSA. It improves the 
comfort and safety of the patient and reduces the 
procedure costs. 

Sažetak 

OMNIPAQUE (IOHEXOL) 140 ZA SELEKTIVNU RE
NALNU INTRAARTERIJSKU DIGITALNU SUPTRAK

CIJSKU ANGIOGRAFIJU (iaDSA) 

Pronalascima novih tehnologija baziranih na digital
nim tehnikama u posljednja dva desetljeca došlo je do 
velikih promjena i poboljšanja u dijagnostičkoj radiologi
ji. Jedno od njih je i pronalazak digitalne suptrakcijske 
angiografije (OSA). 

Neprekidan istraživački rad rezultirao je sintezom 
novih radioloških dijagnostičkih kontrastnih sredstava i 
poboljšanjem njihovih svojstava. Jedan od tih pronala
zaka je i Omnipaque (lohexol) tvrtke Nycomed, Oslo, 
Norveška. 
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Autori prikazuju vrijednosti ovih dvaju pronalazaka 
na 60 bolesnika. lspitivanja se odnose na mogučnost 
poštede bolesnika s obzirom na količinu i koncentraciju 
kontrastnog sredstva za selektivnu angiografiju renal
nih arterija koristeči iaDSA. 

Primjenom iaDSA moguče je s manjom količinam 
slabije koncentriranog kontrastnog sredstva dobiti di
jagnostički dobre angiograme, bolesnika manje optere
titi i ugroziti, i istovremeno postiči značajni ekonomski 
efekt smanjenjem troškova. 
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VOJNA BOLNICA ZAGREB, RADIOLOŠKO ODJELJENJE 

FLEBOGRAFIJA VENA ZDJELICE METODOM DIGITALNE SUBTRAKCIJE 

PHLEBOGRAPHY OF THE PELVIC VEINS BY METHOD OF DIGITAL SUBTRACTION 

Borkovic z

Abstract - The tehnique of phlebography of the pelvic veins by means of digital subtraction is described. This 
examination method was applied in 26 patients with clinical signs of acute and chronic vein obstruction with 
development of collateral veins, and also in patients with pulmonary embolism in searching the emboli origin. For 
the opacification of vein blood contrast medium lohexol (Omnipaque 350) in the quantity of 20-30 ml was used. 
This method provides a lot of information about morphology and patological conditions of the vein system. 
Advantage of this method is in a large number of images which can be produced later by using a digital tehnique, 
as well as teduced quantity of contrast medium and decreased exposure to radiation. 

UDC: 616.147-073.75 

Key words: pelvic veins, phlebography; subtraction technic 
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Uvod - Tromboza zdjeličnih vena je vrlo česta 
lokalizacija venske tromboze. Lokalizacija ven
ske tromboze u ilijačnom i ilijo-femoralnom seg
mentu je često ishodište embolusa, od kojih 
nastaje embolija plucnih arterija sa teškim klinič
kim stanjima, a moguc je fatalni ishod masivnije 
plucne embolije. Zbog položaja zdjeličnih vena 
treba izabrati dijagnostički postupak, koji nam 
daje najviše relevantnih podataka, na temelju 
kojih donosimo dijagnostičke zaključke. 

Na raspolaganju nam stoji više dijagnostičkih 
postupaka, koji nam mogu dati odredene dijagnos
tički korisne podatke. Najčešce se primjenjuje u 
dijagnostici venske tromboze pletizmografija, ra
diofibrinogen test, Doppler, UZ, Duplex, izotopna 
flebografija, flebografija i digitalna subtrakcijska 
flebografija (1,2,3,4,5,6,7). 

Razvojem računara i njegove primjene u an
giografiji razvila se metoda digitalne subtrakcij
ske angiografije (OSA). Primjenom iste metode u 
postupku prikaza vena razvila se vrlo jedno
stavna metoda digitalne subtrakcijske flebografi
je, kojom su postignute znatne prednosti u od
nosu na klasičnu flebografiju (2). 

Osim prikaza zdjeličnih vena ovom metodom, 
nastojimo u istom aktu prikazati distalni dio donje 
šuplje vene i ilio-femoralni segment, jer često 
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postoji i descendirajuci tok tromboze s progresiv
nim rastom tromba u femoralnu venu. 

Materija! i metode - U toku 1989. i 19�0. 
godine metodom digitalne subtrakcijske flebogra
fije zdjeličnih vena obradeno je 26 bolesnika, kod 
kojih je postojala sumnja na akutnu vensku trom
bozu zdjeličnih vena, kod pacijenata sa znacima 
plucne embolije, kod kojih se tražilo izvorište 
embolusa, kontrola nakon provedene fibrinoli
tičke terapije i pacijenti kod kojih se željelo 
prikazati razvitak kolateralnog venskog toka na
kon preboljele tromboze ilijačnih vena. 

U navedenom razdoblju metodom digitalne 
subtrakcije pregledano je 26 bolesnika, od kojih 
je bilo četiri muškarca u dobi od 54 do 61 godine 
i 22 žene u dobi od 21 do 57 godina. Svi pacijenti 
su pregledani na aparatu Philips DVI-CV s elek
tronskim pojačivačem veličine 14 in. Prilikom 
svake serije snimaka brzina snimanja je bila 1 
snimka u sekundi - ukupno 20 snimaka. 

U toku izvodenja pretrage bolesnik leži na 
ledima u horizontalnorn.položaju. Donji ekstremi
teti su podignuti od ravnine stola 30-45 stupnje
va, da bi se tirne znatno ubrzao dotok venske 
krvi i bitno smanjila potrebna apnoična faza. 
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Punktira se jedna od vena dorzuma stopala 
tankom leptirastom iglom od 18-20 gauge i u tom 
položaju se vrši aplikacija kontrasta. 

PriJe snimanja i. v. se aplicira 1 mg Gluka
gona ili 40 mg Buscopana u svrhu umirivanja 
crijevne peristaltike. Za svaku seriju snimaka 
potrebno je aplicirati 20-30 ccm kontrastnog 
sredstva s brzinom aplikacije od oko 5 ccm/sek. 

U principu, kontrastno sredstvo se aplicira 
ručno. Kod svih bolesnika korišteno je nisko
osmolarno nejonsko kontrastno sredstvo lohexol 
(Omnipaque 350). 

Snimanje počinje 4 sekunde 1za početka apli
kacije kontrastnog sredsiva. 

Rezultati - Metodom dignalne subtrakcijske 
flebografije od ukupno 26 pregledanih bolesnika 
nadena je akutna okluzija lijeve ilijačne vene kod 
5 bolesnika. 

Kod jedne bolesnice bio je prisutan descendi
raju6i oblik sa okluzijom lijeve femoralne vene i 
stvaranjem flotirajučeg tromba (slika 1 ). 
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Slika 1 - Tromboza liJeve il1JdCilC vene I pnkRZ flotira1u
čeg trombR u femoralno1 veni 

Fig. 1 - Thrombos1s o! tile left i11ac ve1n sii,u survey ur 
tile flotat1on llll011lb lil tli,_, lemur.,, V(!lfl 

120 

Slika 2 - Okluzija lijeve ilijačne vene i razvoj kolaterala. 

Fig. 2 - Occlusion of the left iliac vein and development 
of the collateral veins 

Kod 7 bolesnika nadena je okluzija lijeve 
ilijačne vene i razvijene kolaterale prema desnoj 
ilijačnoj veni, a i prema lumbalnim venama (slika 
2). 

Kod ostalih 14 pregledanih pacijenata, na 
prikazanim zdjeličnim venama, nije se našlo vid
ljivih patoloških promjena. U našem materijalu 
sve okluzije su se nalazile u proksimalnom dijelu 
lijeve ilijačne vene, što je i razumljivo, s obzirom 
na anatomske odnose u tom području. 

Diskusija - Flebografija metodom digitalne 
subtrakcije se pokazala kao sigurna metoda u 
dijagnostici patološkog stanja venske cirkulacije 
i znatno je poboljšanje u odnosu na metodu 
klasične flebografije (2). 

Primjenom ove metode bitno je smanjena 
količina potrebnog kontrastnog sredstva za pri
kaz vena, a tirne Je smanjen i rizik od ekstravaza
cije kontrasta prilikam aplikaciJe, jer za ovu me
lodu nije potrebna brza aplikacija kontrastnog 
sredstva u večoj količini i u šlo kračem vremenu, 
kao kod metode klasične flebografije (2. 4. 5) 

Ovom metodam je bitno skračeno vrijeme 
pretrage, znatno Je smaniena izloženosl boles
nika io11izantnom zračenj_u, trauma zbog pun
kciJe i aplikacije kontrasta je minimalna, a šlo nije 
nebilno i cijena prelrage u odnosu na metodu 
klasične liebografrje je smanjena. 
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Primjenom nejonskog kontrastnog sredstva 
lohexol (Omnipaque 350) za flebografiju meto
dom digitalne subtrakcije u malim količinama 
dobiven je vrlo dobar prikaz vena kod svih pregle
danih bolesnika. 

Aplikacijam kontrasta periferno u području 
dorzuma stopala dobiva se dobro miješanje kon
trasta i krvi, tako da se tirne izbjegnu lažno-pozi
tivni defekti unutar lumena vene. Primjenjujuci 
malu količinu nejonskog kontrastnog sredstva 
nije se javljala bol na mjestu aplikacije, koja 
često nastaje zbog podražaja intime vene kod 
aplikacije koncentriranih jonskih kontrastnih sred
stava, a nisu registrirane opce reakcije na primje
njeno kontrastno sredstvo (7, 8, 9). Za ovu 
metodu pretrage neophodna je potpuna suradnja 
bolesnika, tj. potrebno je potpuno mirovanje i 
prestanak disanja za vrijeme uzimanja maske i 
tokom snimanja u trajanju od oko 25 sek. 

Kod nekooperabilnih bolesnika tu pretragu 
ne treba izvodili, jer je to jedan od limita primjene 
ove metode. Treba naglasiti da je često otežana 
pretraga kod bolesnika sa plucnom embolijam, 
jer oni vrlo leško podnose prestanak disanja i 
mirovanje na duže vrijeme i kod pretrage kod 
takvih bolesnika neophodno je izvršiti vecu eleva
ciju ekstremiteta da bi tirne ubrzali tok venske 
krvi i znatno skratili vrijeme apnoe. Aplicirajuci 
uobičajene doze Glukagona od 1 mg ili Busco
pana od 40 mg za umirivanje crijevne peristaltike 
nije bilo nikakvih štetnih nus pojava. 

Sažetak 

Opisana je tehnika flebografije vena zdjelice meto
dom digitalne subtrakcije. Ova metoda pretrage vena 
zdjelice primjenjena je kod 26 bolesnika sa znacima 
akutne i kronične venske opstrukcije zdjeličnih vena, 
razvoja kolaterala i kod pacijenata sa pluc':nom emboli
jam u traganju za izvorom embolusa. 

Aad1ol lu9osl 1991: 25:119-21. 

Za opacifikac1ju venske krvi korišteno je ne1onsko 
kontrastno sredstvo lohexol (Omnipaque 350) u količini 
od 20-30 ml. Primjenom ove metode dobIJe se mnoštvo 
podataka o moriologiji i patološkim stanjima venskog 
sistema. 

Prednost ove metode Je veliki broj snimaka, koJ1 se 
naknadno mogu digitalnom tehnikom obradivat1, man1a 
količina kontrastnog sredstva i manja izloženost zrače
nju. 
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From practice for practice 

FROM PRACTICE FOR PRACTICE 

CARDIOVASCULAR SYSTEM 
Case 2 

What is this investigation and what does it show? How was it performed? What are the possible causes of this 

condition? 

Fig. 1 

(For answers see page 148) 
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CLINICAL HOSPITAL CENTRE RIJEKA 
GLINIC OF INTERNAL MEDICINE 1 , INSTITUTE OF RADIOLOGY2 

SONOGRAPHIC PRESENTATION OF ADVANCED STAGES OF COLORECTAL CANCER 

lvaniš N 1 , Rubini<': M 1 , Peric R 1 , Banic 02, Kraus 1 2 

Abstract - The paper deals with the importance of ultrasound in the everyday practice of gastrointestinal 
tract disease diagnostics. Attention is called to the efficiency of detecting malignant disorders of the colon in 5750 
ultrasound examinations. Fifteen such patients were verified, practically all of them in advanced stage of the 
disease. Regardless of these findings, precise diagnosis is made by means of more selective tests such as 
colonoscopy and pathohistological analysis of the tumor sample. The basic ultrasound characteristics of these 
malignant disorders are presented on the basis of experience gained from the examinations described in the 
paper. It is clearly evident that in combintion with the complete diagnostic procedure this noninvasive method 
helps towards planning the subsequent therapeutic procedure. 

UDC: 616.348-006.6-073 :616.351-006.6-073 

Key words: colorectal neoplasms; ultrasonic diagnosis 
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lntroduction - Contemporary gastroenterolo
gical research reveals a steady increase in the 
incidence rale ot colorectal cancer in the past 50 
years. In civilized countries this disease occurs 
in 0.7% ot the population (1 ). Among the causes ot

death from malignant diseases, colorectal cancer 
accounts tor 12.6% ot males in Europe and 
14. 7% in the USA, just next in order atter
bronchial cancer (2). In Croatia it comes third accor
ding to its incidence in the group ot malignant
disorders (3). In Slovenia the five-year survival rale
after colorectal cancer is 18% with 40% ot

operable patients (4). As to the etiology ot these
diseases, it can sately be stated that there are
high risk tactors tor their occurrence, including
polyposis ot the intestine. Precancerous growths
include also colon and rectal polyps, especially
adenomatous ones, as well as some intlamma
tory conditions ot the colon. A more frequent
occurrence ot these disorders has also been
observed in some tamilies (5). External tactors that
may cause malignant diseases ot the colon are
dietary habits and kind ot tood, consumption ot

alcohol and nicotine. The most frequent site ot

this disease is the rectosigmoid area (50% to
60% (1,5). Pathohistoloqically mey are more often

Received: November 1 O, 1989 - Accepted: April 4, 1991 

than not adenocarcinomas (96%), but also other 
torms may occur, such as mucinous, planocellu
lar and nondifferentiated ones (6). The Dukes clas
sitication ot pathohistological invasion ot this 
disease, being most usetul tor the treatment and 
prognosis ot the disease, is also important (6). 

Besides basic symptomatology, the diagnostics 
comprises also digitorectal examination, tlexible 
recto sig·moidoscopy or colonoscopy as well as 
the possibility ot cytological and histological ana
lysis, or removal <?t entire precancerous lesions, 
i.e. polypectomy (7,8). lrrigography as a radiological
method has also its diagnostic importance. In
addition to the basic laboratory parameters, the
CEA levels are determined as well, which may
later on be important tor the subsequent tollow
up ot the patient (9). Today ultrasound occupies a
very important place in the work up ot patients
with colorectal cancer. First ot all it is used as a
method ot screening tor spread ot the basic
disease to adjacent and other organs. In addition,
endosonography aims at providing a local scan
ot the tumor and its spread through the intestinal
wall. lts great assistance in determining the
curative treatment is evidenf(10-15).
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Material and methods - In daily work ultra
sound is used as a routine method for diagnosis 
of a number of Qastrointestinal tract complaints. 
The wide use of this simple and noninvasive 
method enables us to deteci in some patients an 
expansive formation in the abdomen which can 
be with certain precision determined as belon
ging to a pari of the large bowel. It is clearly 
evident that what follows is a ciliary diagnostic 
procedure as mentioned above. In most cases 
with these patients it is a question of the Dukes 
C stage, usually confirmed by other methods, and 
it is also of importance for the subsequent thera
py. In this work Hitachi EUB 410 unit with linear 
probes of 3.5 and 5.0 MHZ has been used. The 
examinations are carried out according to the 
conventional technique described by many aut
hors (11,15,16). 

Results - An analysis has been made of 5750 
ultrasound examinations performed during the 
period between January 1, 1988 and December 
31, 1988. In 15 patients from this group these 
examinations revealed substantial evidence of 
colorectal cancer. In 14 of them subsequent 
diagnostic procedures, colonoscopy and pathohi
stological tests confirmed this suspicion. Only 
one of the patients had lymphoma infiltrating the 
intestine. In seven patients the site was the 
rectosigmoid area, in three the transversal colon, 
and in two of them the process was localized in 
the cecum. In one patient the localization was in 
the descending colon and in another one in the 
hepatic flexure. Each of these ultrasound chan
ges was differentiated from adjacent structures, 
and on the basis of characteristic sonographic 
seans the working diagnosis of the colon disorder 

was made (Fig. 1,2.3,4,5,6.7) 

Fig. 1 - Sonographic scan of transverse colon cancer 
(C) 
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Fig. 2 - Sonographic scan of stenotic cancer of the 
ascending colon 

e "i 

Fig. 3 - Cross-section of ultrasound scan of cecum 
cancer (arrows) 

Fig. 4 - Sonographic scan of the pelvis with a malignant 
lesion of the rectum penetrating the wall (arrow) 

Radiol lugosl 1991, 25:125-8. 
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Fig. 5 - Sonographic scan of a relapse of sigmoid 
cancer (C) 

Fig. 6 - Sonograph1c scan of typ,cally d1stended large 
bowel in cancer prox1m1ty (T) 

Fig. 7 - Sonographic scan of abdominal non-Hodgkin 
lymphoma. Differential diagnosis according to colon 

cancer. 

Radiol lugosl 1991; 25:125-8. 

Discussion - At present, ultrasound is a 
widely used method in the diagnostics of a 
great number of gastrointestinal complaints, 
suitable also for assessing the spread of known 
diseases such as colorectal tumors (8, 1 O, 11, 12). 
Thus, it is not surprising that the wide use of this 
noninvasive method may lead to the discovery of 
colorectal cancers, which however, are usually in 
an advanced stage. These 5750 ultrasound exa
minations of the abdomen revealed 15 patients 
in whom this disease was suspected. This ultra
sound-based diagnosis had to be confirmed 
by further more exact methods such as colonos
copy and pathohistological tests of scraps of the 
tumor or whole lesions (7). One of the ultrasound 
techniques recently in frequent use is endosono
graphy which also provides valuable data on the 
penetration of the tumor trough the intestinal wall 
(13, 14). The use of conventional ultrasound ma
kes it possible to establish suspicion of a malig
nant colorectal disease on the basis of sonograp
hic characteristics and the examiner's experien
ce. 

- The tumor mass is clearly interperitoneally
localized, often separated from other organs,

although sometimes cases where it has grown
into adjacent structures also occur (e.g. into the
!iver).

- The tumor mass has irregular edges in ali the
shown sections.

- Sonographically it is a mixed formation consi
sting of a number of anechogenic, hypoechoge
nic, and hyperechogenic areas.

- Often orally of the tumor mass distended
convolutions occur, a reliable indication that the
tumor mass adheres to the colon.

- The scan of the tumor mass often presents
metastatic changes of the !iver, extended pa
raaortal and paracaval lymph nodes, or pyeloca
liectasis as additional findings.

It is self-evident that these ultrasound seans 
depend on the possession of highly efficient 
apparatus, possibly color dopplers. The human 
factor also plays a certain part, as the work calls 
for a trained specialist prepared to carry out long 
and detailed examinations of the whole abdo
men. The conclusion to be drawn from ali this is 
that today ultrasound is only an auxiliary method 
in the diagnostics of malignant colon disorders. 
But, regarding its wide application, it is not 
surprising that it is sometimes the first method 
directing attention to this disease, as can be 
seen also from the experience described in this 
paper (11, 15). 
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Sažetak 

SONOGRAFSKI PRIKAZ UZNAPREDOVALIH STA
DIJA KOLOREKTALNOG KARCINOMA 

U radu je prikazana važnost ultrazvuka u dijagnostici 
bolesti gastrointestinalnoga trakta u svakodnevnom 
radu. lstiče se uspiješnost u otkrivanju malignih bolesti 
kolona na 5750 učinjenih pretraga gdje smo verificirali 
15 bolesnika s kolorektalnim karcinomom ali praktički 
svi vec u uznapredovalom stadiju. Bez obzira na ovaj 
nalaz točna dijagnoza se postavlja selektivnijim pretra
gama kao šlo su kolonoskopija i patohistološka analiza 
uzorka !umora. Prikazane su osnovne ultrazvučne 
karakteristike ovih malignih bolesti na osnovu vlastilih 
iskustava. Jasno da u sklopu cijeloga dijagnostičkoga 
postupka i ova neinvazivna metoda doprinosi u planira
nju daljega terapijskoga postupka. 
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SONOGRAPHY OF GIANT RETROPERITONEAL GANGLIONEUROMA IN THE ADUL T 

Kauzlaric D 1 , Barmeir E2, Donati D 1 . Schustar N 1 

Abstract - Ganglioneuroma is a well-circumscribed fully differentiated tumor with fibrous capsule. The tumor 
grows slowly commonly along the paravertebral line. Clinically this tumors are presen! as large masses in the 
retroperitoneum or posterior mediastinum. Biologically, ganglioneuromas are benign tumors mostly diagnosed in 
patients older than 1 o years. Malignant change is uncommon, bul does occur. 
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Case report 
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lntroduction - Ganglioneuroma is a rare, 
benign neoplasm occuring mainly in infants and 
children. The sonographic apearance of ganglio
neuroma in children has been described (1-6). In 
this report we describe the sonographic features 
of ganglioneuroma in an adult. To our knowledge, 
the sonographic features of this entity in the adult 
have not been described yet. 

These features include, in addition to a low 
echogeneity mass characteristic of this lesion, 
the following findings: 

a) lobulation and septation of the tumor, re
presented by multiple highly echogenic linear 
bands. 

b) extension of the mass across midline,
causing displacement of the great vessels. 

The sonographic features of this entity are 
correlated with angiographic and computed to
mography (C. T.) findings. 

Case report - A 19-year-old man was refer
red for evaluation of a firm, non-tender right and 
mid-abdominal mass. The patient complained of 
intermittent abdominal pain during the past six 
months. His past medical history was unremarka
ble. 

Sonographic examination revealed a large, 
well circumscribed retroperitoneal mass (Fig. 1 a). 

Fig. 1 a - Real - Time ultrasound: longitudinal scan at 
mid-abdomen demonstrating mixed echogeneity mass 
(M) extending from the !iver (L) to the pelvis. The mass

is anterior to the spine (S). 

This hypoechoic tumor had a multinodular pat
tern, represented by lobulated contours and mul
tiple radiating highly echogenic bands dividing 
the mass into nodules (Fig. 1 b). The mass 
extended anteriorly, displacing the aorta to the 
left (Fig. 1 c). 

Received: May 27, 1988 -Accepted: September 30, 1988 129 



KauzlariC O et al. Sonography of giant retroperitoneal ganglioneuroma in the adult 

Fig. 1 b - Real - tirne ultrasound: h1gh echogene1ty 
fibrous septa (arrow) are noted. 

Fig. 1 c - Transverse scan at mid-abdomen shows 
displacement of the aorta (arrow) and l. V. C. (arrows). 

Angiography confirmed a huge mass, with 
pathological vessels causing lateral displace
ment of the aorta, celiac axis and mesenteric 
vessels, as well as superior displacement of the 
riqht renal artery (Fig. 2a). 

Cavography showed anterior displacement 
of the IVC and right ureter (Fig. 2b). 

Computed tomography (CT) confirmed the 
findings of a huge septated retroperitoneal soft 
tissue mass displacing the aorta, ureters and 
bowel loops (Fig. 3). 

On operation a large lobulated mass was 
removed (Fig. 4). The tumor involved multiple 
nerve trunks along the para-vertebral gutter on 
the right. 
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Fig. 2a - Aortogram demonstrating lateral displace
ment of the aorta by a huge mass. 

Fig. 2b - Cavogram in right lateral decubitus demons
trating anterior displacement of l. V. C. (arrows) and 

right ureter (*) 

Pathologic examination established the diag
nosis of a benign ganglioneuroma. 

The patient's postoperative recovery was ra
pid and he was discharged 5 days after surgery. 

Clinical, laboratory and sonographic follow-up 
examinations over an 18-month period showed 
no sign of recurrence. 

Discussion - Primary retroperitoneal tumors, 
either benign or malignant, are rare. 

In the past, the retroperitoneum had been a 
hidden area, extremely difficult to image by con
ventional radiological means. With the advent of 
new imaging modalities, i. e. ultrasound, CT and 
magnetic resonance (MA) the diagnosis of retro-

Radiol lugosl 1991; 25:129-32. 
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Fig. 3 - C. T. scan with contrast shows a large low 
density lobulated mass with multiple septa. The aorta 

and ureter are displaced anteriorly. 

Fig. 4 - Radiograph of the pathologic specimen sho
wing multinodular appearance. 

peritoneal masses has been much facilitated. 
Ultrasound, being rapid, non-invasive and easy 
to perform is often used as the first screening 
modality. 

Neurogenic tumors represent 2% of all be
nign retroperitoneal tumors (2, 4). Neuroblasto
ma, ganglioneuroblastoma and ganglioneuroma 
are all derived from primordial neural creast cells 
of the developing spinal cord, and are usually 
found in the sympathetic ganglia and adrenal 
medulla. 

Neuroblastoma, which is the least differentia
ted of these tumors, is made of primitive neuro
blasts. Ganglioneuroma, being a fully differentia
ted tumor is characterized by Schwann cells and 
ganglion cells and it has considered a benign 
tumor (2). 

Radiol lugosl 1991, 25:129-32. 

Ganglioneuroma is found in patients less 
than 20 years old in 60% of cases (3) with a 
slight female predominance (6). 43% of ganglio
neuromas are found in the mediastinum, 32% in 
the abdomen and 8% in the neck (1, 4). Ganglio
neuroma seldom causes symptoms and is 
usually discovered incidentally. 

An abdominal mass is usually palpable in the 
midline, with variable cranio-caudal. extension. 

Ultrasound provides information about the 
size and shape of the tumor as well as its 
intrinsic pattern (Fig. 1 ). In addition, invasion of 
adjacent organs and relashionship to vascular 
structures can be established. This information is 
important in determining the operability of the 
mass and in planning the surgery. Angiography 
is essential pre-operatively to determine tumor 
vascularity and relations to the great vessels 
(Fig. 2). 

CT can define density of the tumor, its extent 
and the presence of calcifications. In our case, 
the tumor showed low density with enhancing 
septa and capsule (Fig. 3). The performance of 
CT myelogram may determine para-spinal and 
intraspinal tumor extent. 

Conclusion - Ganglioneuroma, although un
common, should enter the differential diagnosis 
of posterior mediastinal and retroperitoneal mas
ses in children and adults. On ultrasound this 
tumor shows low level echogenicity with irradia
ting septa and lobulated borders. The tumor 
mass may cross the mid-line and displace the 
large vessels. 

Sažetak 

UL TRAZVUCNI PRIKAZ RETROPERITONEALNOG 
GANGLIONEUROMA 

Ganglioneurom je visoko diferencirani, oštro ograni
čeni tumor okružen libroznom kapsulam. Raste vrlo 
sporo uzduž paravertebralne linije. Klinički se radi o 
opsežnoj masi u retroperitoneumu ili stražnjem medija
stinumu. Biološki, ganglioneurom je benigni tumor naj
češče dijagnosticiran u pacijenata starijih od 1 O godi na. 
lzuzetno može dači do maligne alteracije. 
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AUTOANTITIJELA NA TRIJOOTIRONIN I TIROKSIN HIPERTIREOZI 

AUTOANTIBODIES TO TRIIODOTHYRONINE ANO THYROXINE IN HYPERTHYREOSIS 

Biukovic M1 , Musafija A2, Skrobic M 1 , Golubovic N1 , Zubovic 1 1 

Abstract-The role of autoantibodies against triiodothyronine (T3) and Thyroxine (T4) hormones in thyroid gland 
disease is stili unknown. Earlier results on the presence of those autoantibodies in patients with hyperthyreosis 
are fairly cotradictory. We have estimated atuoantibodies against T3 and T4 in 40 patients with hyperthyreosis. 
Positive autoantibodies against T3 and T 4 were found in 17.5% patients. Statistically significant diference was 
found with reference to control group. The control group consisted of 50 healthy subjects with no such antibodies 
found. The antibodies were also tested in the course of thyreostatic therapy, and the resuI1iwere found positive 
in 15% of patients, which was not statistically significant compared to the pretherapeutic stale. The role of 
autoantibodies against T3 and T4 hormones in hyperthyreosis is unknown. The number o( patients with such 
autoantibodies presen! in the course of tyreostatic therapy remains unchanged. 
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Uvod - Autoimuna oboljenja štitne žlijezde 
niz godina služe kao modeli za proučavanje 
autoagresije (1 ). Uloga vecine autoantitijela u 
nastanku i toku ovih bolesti je manje ili više 
razjašnjena. Za razliku od ostalih, autoantitijela 
na hormone trijodtironin (T3) i tiroksin (T4) još 
nisu našla svoje pravo mjesto u kompleksnom 
mehanizmu autoimunih poremecaja štitne žlije
zde. Najčešce se na ova antitijela obracala paž
nja kada su ona dovodila do lažno pozitivnih ili 
lažno negativnih rezultata hormona T3 ili T4 (2). 

U hipertireozi ova antitijela su malo prouča
vana i rezultati su veoma oprečni. Desai (3) od 
101 bolesnika sa hipertireozom nalazi kod jednog 
bolesnika antitijela na T4 a Nakamura (4) nalazi u 
20% bolesnika sa hipertireozom pozitivna au
toantitijela na T3 i T 4. 

Cilj rada je bio ispitati autoantitijela na T3 i T 4 
u bolesnika sa hipertireozom prije terapije i odre
diti njihovu promjenljivost u toku tireostatske
terapije.

lspitanici i metod rada - !spitali smo 40 
bolesnika sa hipertireozom. Lena je bilo 35 a 
muškaraca 5. Bolesnici su bili životne dobi 15-7 4 
godina. Bolesnici su ispitani prije tireostatske 
terapije i 1-8 mjeseci od započinjanja tireostatske 

terapije. U tireostatskoj tarapiji upotrebljavani su 
tiamazol i propranolol. Bolesnici kod kojih su 
korišteni kortikosteroidi nisu uključivani u ispitiva
nje. 

U kontrolnoj grupi ispitano je 50 zdravih 
osoba koje su bile životne dobi 19-82 godina. 
Lena je bilo 29 a muškaraca 21 . 

Autoantitijela na T3 i T 4 odredivali smo modi
fikovanom metodom Sakate (5). Metod uključuje 
zakiseljavanje seruma sa ciljem da se odvoje 
antitijela koja su vezana u kompleksu hormon -
antitijelo i vezivanje oslobodenog hormona na 
dekstran čarkoal (6). 

Postupak odredivanja antitijela na hormone 
štitne žlijezde smo provodili na slijedeci način: 
O, 1 ml ispitivanog seruma 

+ 
0_4 ml - 0,05 M glicin - HCI pufer, pH 2,2 
dekstran čarkoal 

Inkubacija 1 h na 4°C, centrifugiranje 20 min. na 
4

°
c 

0,2 ml supernatanta 
+ 

0,7 ml 0,06 M barbital pufera, pH 8,6. sa 8-ANSA

+ 
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O, 1 ml 125 J-T3 ili 125J-T4, inkubacija 20h na 4°C 
+ 

Taloženje humanim antiserumom (finalna 
koncentracija 1 O mg/ml) 

Centrifugiranje 20 min. na 4°C. 

Mjerenje aktivnosti taloga u gama brojaču. 

Rezultati se izračunavaju u procentima speci-
fičnog vezivanja. Ukoliko je više od 50% aktivno
sti vezano u istaloženom dijelu rezultat je poziti
van. 

Detekcija autoantitijela vršena je i elektrofore
zam. Postupak je identičan prethodnom ali se 
umjesto taloženja vrši elektroforeza na celulo
znom acetatu. Trake od elektroforeze se sijeku 
na pojedine frakcije i vrši se mjerenje radioaktiv
nosti pojedinih frakcija. 

Prisustvo više od 50% aktivnosti u gama 
frakciji upucuje na prisustvo autoantitijela na 
hormone T3 ili T4 (7). U statističkoj obradi poda

taka korišten je x2 - test i Fišerov test (8). 

Rezultati - Od 40 bolesnika sa hipertireozom 
koji su ispitani prije uvodenja tireostatske terapi
je, autoantitijela na T3 ili T4 našli smo u 7 
bolesnika ili 17,5%. 6 bolesnika su imali autoan
titijela na T3 a 3 bolesnika istovremeno i na T3 i 
T4 a 1 bolesnik samo na T4 (Slika 1). 

Slika 1 - Grafički prikaz rezultata autoant1t11ela na 
trijodtironin i tiroksin u bolesnika sa hipertireozom. 
Šrafirano polje pokazuje bolesnike sa pozitivnim antiti-

jelima. 

Fig. 1 - Graph showing the results of autoantibodies 
against triiodothyronine and thyroxine in patients with 
hyperthyreosis; cross-hatched bars represent the pa-

tients with positive antibodies. 
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U kontrolnoj grupi je ispitano 50 osoba bez 
oboljenja štitne žlijezde i kod njih nisu nadena 
autoantitijela na T3 ili T4. Statistički postaji zna
čajna razlika izmedu kontrolne grupe i grupe 
bolesnika sa hipertireozom. 

U ispitivanjima uradenim u toku tireostatske 
terapije autoantitijela na T3 ili T4 su dokazana u 
6 bolesnika ili 15%. Statistički ne postaji razlika 
u odnosu na ispitivanje prije tireostatske terapije
(Slika 2)
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Slika 2 - Grafički prikaz rezultata autoantitijela na 
trijodtironin i tiroksin u bolesnika sa hipertireozom prije 

i u toku terapije 

Fig. 2 - Graph showing the results of autoantibodies 
against triiodothironine and thyroxine in patients with 
hyperthyreosis prior to and in the course of thyreostatic 
therapy. Cross-hatched bars represent the patients 

with positive antibodies. 

Diskusija - U autoimunim oboljenjima štitne 
žlijezde javlja se više autoantitijela čija medu
sobna povezanost i uloga često ostaja nerasvijet
ljena. Autoantitijela na hormon T4 je prvi opisao 
Robins (5). Zbog male molekularne težine T3 i 
T4 ne mogu djelovati antigena ve6 su vjerojatno 
vezana za tireoglobulin koji je jako imunogena 
supstanca (9). Uloga ovih antitijela je nejasna. 
Wu i Green tvrde da antitijela na T3 i T4 uspora
vaju metaboličke efekte ovih hormona, Geola 
smatra da nemaju ulogu u metaboličkim funkci
jama a lnada da autoantitijela na T3 i T4 pospje
šuju metaboličke efekte ovih hormona (5). 
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Oprečni rezultati su dobiveni kod bolesnika 
sa hipertireozom. Nakamura (4) nalazi više od 
20% bolesnika sa hipertireozom kod kojih su 
pozitivna antitijela na T3 i T 4 a Desai (3) nalazi 
manje od 1 %. Nakamura nalazi da u toku tireo
statske terapije dolazi do smanjenja broja bole
snika sa pozitivnim autoantitijelima na T3 i T4. 

U našim ispitivanjima našli smo u bolesnika 
sa hipertireozom 17,5% koji imaju pozitivna au
toantitijela na T3 ili T4. Češce se javljaju autoan
titijela na T3. Kod zdravih osoba nismo našli 
prisustvo antitijela na hormone T3 ili T 4. U toku 
tireostatske terapije nije se bitnije mijenjao broj 
bolesnika sa autoantitijelima na T3 ili T4. 

Sažetak 

Uloga autoantitijela na hormone trijodtironin (T3) i 
tiroksin (T4) u oboljenjima štitne žlijezde još nije razja
šnjena. Ranije objavljivani rezultati o prisutnosti ovih 
autoantitijela u bolesnika sa hipertireozom su veoma 
oprečni. 

!spitali smo autoantitijela na T3 i T4 u 40 bolesnika
sa hipertireozom. Pozitivna autoantitijela na T3 ili T4 
našli smo kod 17,5% bolesnika. Statistički postaji 
značajna razlika u odnosu na kontrolnu grupu. U 
kontrolnoj grupi smo ispitali 50 zdravih osoba i nismo 
našli prisutna ova antitijela. 

Ova antitijela smo odredili i u toku tireostatske 
terapije i našli smo ih pozitivna u 15% bolesnika šlo 
statistički nije značajna razlika u odnosu na stanje prije 
terapije. 

Uloga autoantitijela na hormone T3 i T4 u hiperti
reozi je nepoznata. U toku tireostatske terapije ne 
mijenja se broj bolesnika kod kojih su prisutna ova 
autoantitijela. 
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Abstract - Between 1979 and 1984, 50 patients with malignant tumours of the paranasal sinuses were treated 
at the Institute of Oncology in Ljubljana. A great majority of tufnours were in an advanced stagew of disease. Twenty 
three patients were operated on and 22 of them had postoperative irradiation. Radiotherapy was the main 
treatment in 27 patients. Seventeen patients (34%) survived more than 5 years with no evidence of disease. 
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lntroduction - Cancer of the paranasal sinu
ses is a rare disease. The symptoms are unspe
cific and are readily mistaken by both, the patient 
and the primary care physician for upper respira
tory infections. Therefore, they are diagnosed 
late and more often than not are uncontrolled by 
current methods of treatment. 

The aim of this study was to evaluate the 
treatment of paranasal sinus malignant tumours 
in Slovenia between 1979 and 1984, and possibi
ly, to find some prognostic factors. 

Patients and treatment - In the period 1979 
to 1984, at the Institute of Oncology, Ljubljana, 
50 patients (25 females and 25 males), aged 
40-90 years, were treated for malignant tumours
of the paranasal sinuses. Table 1 shows the
distribution of tumours by localization and histolo
gy.

A majority of tumours were in an advanced 
stage of disease. The UICC TNM classification 
(1987) was applicable only for maxillary sinus 
carcinoma (Table 2). 

Four maxillary and one ethmoid carcinoma 
seeded into regional lymph nodes and so did one 
malignant lymphoma originating from the et
hmoid. One squamous celi carcinoma and one 

Received: March 28, 1991 - Accepted :April 8, 1991 

Table 1 - The localization and histology of malignant 
tumours of the paranasal sinuses 

-

Sinus 
Histology Maxillary Ethmoid Sphenoid Total 
---

Squamous 
carcinoma 33 6 1 40 

Adeno 
carcinoma 1 1 2 

klenoid cystic 
carcinoma 3 1 4 

Malignant 
lymphoma 2 1 3 

Fibrosarcoma 

TOTAL 39 10 1 50 

adenocarcinoma metastasized into the bones 
and lungs, respectively. 

Twenty-three patients were primarily opera
ted on, 22 of them were postoperatively irradia
ted. Twenty-seven patients had irradiation the
rapy alone because the tumour was inoperable 
or because the patient's condition was poor. 

Partial or total maxillectomy with or without 
ethmoidectomy was used for tumour removal. 
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Table 2 - The distribution of maxillary sinus carcinoma 
by T (tumour) and N (node) 

No N, N2 N3 Tota! 
T, 1 1 

T2 3 3 
T3 10 1 11 

T4 20 2 22 
-

TOTAL 33 2 2 37 

Miner operations could not be considered as 
therapeutic, but rather as dignostic procedures. 

The operations were performed at various 
hospitals throughout Slovenia, but most of them 
at the University ENT Department in Ljubljana. 

AII patients were irradiated on a Cobalt-60 
unit at the Institute of oncology in Ljubljana. The 
irradiated velurne encompassed the primary tu
mour and the clinically involved lymph nodes. 
Patients were treated 5 times weekly, with 1.8 -
2 Gy per fraction, total tumour dose being 60 -
78 Gy when the irradiation was the sole method 
of treatment. When irradiated postoperatively 
without residual tumour, 40-60 Gy were given, 
and up to 72 Gy in the case of residual growth. 
Some of the patients were treated by split--course 
irradiation with the rest interval 2-4 weeks. 

The cytotoxic drugs applied intravenously 
were used in 11 patients. In 4 patients the 
chemotherapy was part of the primary treatment 
(2 carcinomas and 2 malignant lymphomas), in 7 
patients it was used with palliative intent. The 
cytotoxic drugs Methotrexate, Cyclophosphami
de, Platino!, 5-Fluorouracil, Adriamycin, Bleomy
cin, Vinblastin, and Vincristine were used in 
various combinations. 

S t a t i s t i c a I m e t h o d s - AII patients 
were eligible for a minimum of 5-year follow-up. 
The survival of patients was calculated from the 
beginning of treatment. Cumulative survival rates 
were calculated according to the product-limit 
method of Kaplan and Meier (1958). Logrank 
test (Peto et al. 1977) was used for testing the 
significance in survival difference. 

Results - Seventeen out of 50 (34%) patients 
survived more than 5 years with no evidence of 
disease (Fig. 1 ). Two patients died with distant 
metastases, 5 with local and regional disease 
and 26 with local disease only. 

Five-year survival of patients by localization 
and tumour histology is shown in Table 3. The 
differences in survival were non statistically signi
ficant. 
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Table 3 - The 5-year survival by localization and 
hisiology 

Histology 

Squamous 
carcinoma 

Adeno 
carcinoma 

Adenoid cystic 
carcinoma 

Malignant 
lymphoma 

Fibrosarcoma 

TOTAL 

Sinus 

Maxillary Ethmoid Sphenoid Tota! 

9/33 216 

0/1 1 /1 

1/3 1 /1 

212 0/1 

1/1 
-

12/39 5/10 
(31%) (50%) 

0/1 

0/1 
(-) 

11/40 

1/2 

214 

213 

1/1 

17/50 
(34%) 

Females surived better (10/25 - 40%) Ihan 
males (7/25 - 28%). The difference was not 
statistically significant. 

1 

n:50 

S yea!'S 

Fig. 1 - Tumours of the paranasal sinuses; 5-year 
disease free survival of all patients. n = number of 

patients. 

The survival of patients with squamous celi 
carcinoma aged under 55 years (0/6) was signifi
cantly worse Ihan survival of older patients (12/ 
34-35%) (p<0.05).

Patients with T 1 and T 2 tumours survived
better (4/4) than patients with T3 (1/11 - 9%) 
and T 4 tumours (5/22 - 23% ), the difference was 
not statistically significant (Fig. 2). 

Patients with carcinoma of the paranasal 
sinuses with metastases to the regional lymph 
nodes survived worse (1 /5 - 20%) than those 
without metastases (13/41 - 32%), but he num
ber of patients was too small for statistical signi
ficance. 
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T4 n:22 
• ......... . 
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5 yeaz,s 

Fig. 2 - Carcinoma of the maxillary sinus. Survival by 
stage of the primary tumour. T = tumour, n = number 

of patients 

S+RT n:20 

.s 

� RT n:25 

S yeaz,s 

Fig. 3 - Carcinoma of the paranasal sinuses. Survival 
by main treatment. S= surgery, RT= radiotherapy, 

n = number of patients. 

A better 5-years survival was established in 
patients with carcinoma treated by a combination 
of surgery and postoperative radiotherapy (12/20 
- 60%) than in patients treated by irradiation
alone (2/25 - 8%) (Fig. 3). The difference was
statistically significanl (p<0.001 ). There was also
slalislically significanl difference in survival bel
ween posloperalively irradialed (5/1 O - 50%)
and only irradialed patients (2/22 - 9%) wilh T 3 
& T4 lumours (p<0.025). (Fig. 3) 

The only palienl who was operaled but did 
non have posloperalive irradialion lrealmenl died 
with disease. 

AII patienls with total lumour removal survived 
more Ihan 5 years wilh no evidence of disease 
(6/6 - 100% ). The resi of lhe operaled palienls 

Radiol lugosl 1991; 25:137--41. 

RS n:S 

.s HS n:15 

S years 

Fig. 4 - Carcinoma of the paranasal sinuses. Survival 
by radicality of surgery. RS = radical surgery, NS = 

nonradical surgery, n = number of patients 

survived significantly worse (6/15 - 40% ), 
(p<0.05) (Fig. 4). 

None of 3 nonradically operaled palienls 
irradiated postoperatively wilh less Ihan 50 Gy 
survived 5 years whereas 6/12 (50%) nonradi
cally operated patients irradiated wilh a lumour 
dose >50 Gy survived more Ihan 5 years. 

The spread of squamous celi carcinoma of 
the paranasal sinuses into one of lhe adjacent 
regions such as neighbouring sinus, lhe orbit, 
oral cavily, relromaxillary space, subculaneous 
tissue or intracranially adv'3rsely influenced the 
outcome of treatmenl in ti 1e operated patients. 
The difference was statisti,;ally not significant. 

Two patients, one with malignant lymphoma 
and one with squamous celi carcinoma, in whom 
chemotherapy was part of the curative treatment, 
survived 5 years with no evidence of disease. 
Two patients with chemolherapy as part of the 
curative lreatment and 7 patients with chemothe
rapy given for treatment of recurrenl disease 
died of cancer. 

Discussion - The frequency of occurrence 
of malignancies of the paranasal sinuses with 
respect to the site, histology and stage was in 
our patients similar to that reported by other 
authors (Moss, 1987; Thiel et al. 1989). 

A great majorily of patients with carcinoma of 
the paranasal sinuses who were not cured died 
with local disease (31/33). This is in agreement 
with some other reports (Thiel 1989) and it 
shows the significance thal the local lreatmenl 
has for the patient. 

It is almost generally accepted that in carci
noma of the paranasal sinuses the combined 
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modality treatment is superior to the single moda
lity therapy (Yu-Hua et al. 1982, Weymuller et al. 
1980, Tsujii et al. 1986, Thiel and Rettinger 
1986). This was confirmed also by our results: 
patients treated by a combination of surgery and 
radiotherapy survived significantly better than 
those treated only by irradiation (p<0.001 ). Stati
stically significant difference between the results 
of combined and single modality treatment of 
maxillary sinus carcinoma in our patients persi
sted also when early stages were excluded 
(p<0.025). 

However, the radicality of operation seems to 
be important: ali 6 radically operated patients 
were cured, whereas only 6/9 nonradically opera
ted patients survived more than 5 years. The 
difference was statistically significant (p<0.05) 
(Fig. 3). 

The spread of carcinoma beyond the primarily 
involved sinus was associated with somewhat 
worse outcome. Among various adjacent regions 
which were involved by the tumour, the involve
ment of the retromaxillary space had the worst 
impact on prognosis (only 1/4 patients with the 
involvement of the retromaxillary space in com
parison to 11 /16 patients without retromaxillary 
involvement survived 5 years with no evidence of 
disease). 

Fram our series of patients, it was impossible 
to evaluate the influence of irradiation dose in 
carcinoma of the paranasal sinuses in patients 
treated by radiotherapy alone because of the 
poor survival in this group: only 2 out of 25 
patients were cured. But in the group of postope
ratively irradiated patients who were not radically 
operated on all 3 patients irradiated with the 
tumour dose less then 50 Gy died, and 6/12 
irradiated with the tumour dose above 50 Gy 
were cured. This would indicate, though not with 
certainty, that the tumour dose could be of 
importance. This is in agreement with Kondo et 
al. (1984, 1985), who found less recurrences 
with the increasing tumour dose. 

The survival of patients with early tumours 
was much better than the survival of patients 
with tumours in advanced stages, which was in 
accordance with other reports (Kondo 1985, Thiel 
1989), but the number of patients with early 
tumours was so small that the statistical signifi
cance could bot be confirmed. 

The small number of patients, heterogeneity 
of tumour histology and diversity of applied cyto
toxic drugs do not permit any conclusions about 
the value of chemotherapy with cytotoxic drugs 
in our patients. 
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It is surprising that patients under 55 years of 
age survived worse Ihan older patients. The 
explanation tor this phenomenon remains obscu
re. 

Conclusions - The combination of surgery 
and radiotherapy in the treatment of carcinoma 
of the paranasal sinuses is superior to radiothe
rapy alone. 

Tumour stage and radicality of operation 
seem to be important tor the outcome of treat
ment in the patients with paranasal sinus carcino
ma. 

Povzetek 

Med leti 1979 in 1984 je bilo na Onkološkem 
institutu v Ljubljani zdravljenih 50 bolnikov z malignimi 
tumorji obnosnih votlin. Velika večina tumorjev je bila v 
napredovalem stadiju bolezni. Triindvajset bolnikov je 
bilo operiranih, 22 izmed njih je bilo pooperativno 
obsevanih. Pri ostalih 27 bolnikih je bilo glavno zdravlje
nje obsevanje. Sedemnajst bolnikov (34%) je preživelo 
vec kot 5 let brez bolezni.' Bolniki s karcinomom ki so 
bili operirani in pooperativno obsevani so preživeli 
bistveno bolje (12/20 - 60%) od bolnikov, ki so bili 
zdravljeni samo z obsevanjem (2/25 - 8% ), p g 0.001 ). 
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Abstract - A simple model of tissue absorbed dose rale from iridium-192 line source is formulated. Model 
incorporates corrections tor radiation losses as a result selfabsorption, attenuation in source cladding as well as 
absorption in the tissue. The form of corrections is analyzed. The model is used tor calculation of tissue absorbed 
dose rate for different source lengths (20-150 mm) and a set of distance (up to 75 mm) in central plane of wire 
source. The calculated absorbed dose rates are in good agreement with previously published results. Theoretical 
error of our values is of the order of ±6%. Calibration measurement of air kerma rate tor 1 cm· source sample is 
used for the normalization of tabulated data to a given set of sources or a wire coil. Uncertainty associated with 
dosimetric description of clinically set iridium-192 interstitial implant is of the order of ± 15%. Normalized absorbed 
dose rates are intended for use as computer look-up table with Paris dosimetry system. 
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lntroduction - Dosimetry of the interstitial bra
chytherapy implants is generally based on a model 
of relations between quantity of the used radioac
tive material and the absorbed dose. Relating 
the source and the energy delivered to the tissue 
is rather complicated; apart from the physical 
properties of radionuclide and radiation in va
cuum, the dosimetry model must include descrip
tion of the path of radiation through different 
media. One of the ways of model formulation is 
refining crude implant description (inverse square 
law model) with the introduction of correction 
factors and/or effective values of some parame
ters to reflect the attenuation losses (1 ). 

In the process of model building two problems 
are pronounced: (a) model verification by measu
rements is limited; (b) practical use of model 
strongly depends on the published values of 
parameters or calibration of sources. As a conse
qunce, there is no unique way of implant descrip
tion used in the clinical control of radiotherapy. 

There are differences in the way of calculation 
of tissue absorbed dose far a line iridium-192 
source. Traditionally used crossline data (2) and 
escargot curves (3) were enhanced by the intro
duction of corrections far radiation losses (4, 5, 
6, 7). Disparity is stili - 10%, mostly due to the 

differences in the definition of the effective 
strength far the sealed source. 

This work describes a simple model of dose 
distribution which is formulated according to the 
method described by Godden (8). In the explicit 
form the model uses the value of air kerma rate 
calibration. 

Material and model - S o u r c e : We analyze 
standard iridium-192 source in the form of 
flexible wire with diameter d = 0.3 mm. The wire 
is obtained in the form of 500 mm long coils. 
Prior to use, wire is filled in the plastic tube (outer 
diameter 0.85 mm) and cut in pieces (linear 
sources) of suitable length from 20 to 150 mm. 
The source consists of two parts. Active core 
(diameter 0.1 mm) is alloy consisting of 25% 
iridium and 75% platinum. The core is surroun
ded by 0.1 mm thick cladding which filters beta 
component of radiation. lridium-192 sources are 
cyclotrori activated, with high specific activity 
from 1.11-37 MBqmm·1. 

D o s i m e t r i c  m o d e l : We start from ele
mentary description of an ideal point source in 
the vacuum, in order to introduce symbols and 
units: 

Ar 6 = Ka;,(r) r2 
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r [m] is the distance from the source to a point in 
space which is surrounded by a very small 
volume filled with air; energy transfer within 
small volume of air is described by the air kerma 
rate Ka;,(r) [Gy/h); A (Bq] is activity of the point 
source; r 6 [Gyh·1m2sq·11 is the air kerma rate 
constant for ali gamma radiation up to energy b. 
It should be stressed that eq.[1] holds only if 
three conditions are met simultaneously: (a) tran
sfer of energy is limited to a very small volume of 
air where equilibrium ionization holds; (b) radia
tion originates strictly from the point source; (c) 
the space between source and observed small 
volume of air is vacuous. Description of real 
iridium-192 source, which is linear and surroun
ded by the tissues, could be based on eq.[1), but 
it must reflect the differences from ali three 
conditions. lmprovements of eq.[1) will be intro
duced through (a) concept of tissue absorbed 
dose, (b) segmentation of the source and (c) 
introduction of correction parameters to account 
for the attenuation losses. 

Tissue absorbed dose Dtissue is traditionally 
used for the control of brachyradiotherapy ef
fects; instead of air, radiation ionizes equally 
sized volume of the tissue. lf ionization equilibria 
holds, with bremsstrahlung losses so small that 
they could be disregarded, Dtissue is directly 
proportional to Ka;,(r), with k1 as constant of 
proportion Dtissue is tissue absorbed dose rate. 

We will approximate the value of Dtissue in a 
point of implant from the linear source of the 
length L [mm] and activity A [Bq] (linear activity 
g = A/L [Bqmm-1)), with the sum of absorbed 
doses coming from N equally spaced point sour
ces that are placed in the centers of segments of 
lenght 1 [mm] (L = N x 1). Generally, D1;ssue for 
th-e line source could be represented by Sievert 
integral, but in that case we must regard the 
source as having one dimension only (d = O). 
Nonuniform radia! structure of wire prohibits such 
a simplification. Description of point dependent 
attenuation losses in the core as well as in the 
cladding will be numerically more simple in a 
case of source segmentation than utilizing direct 
Sievert analytical approach. 

We will describe the loss of radiation due to 
the self-absorption in the core and attenuation in 
the cladding by the introduction of correction 
factor k2(8) in eq.[1 ). Attenuation and scattering 
of radiation in a tissue are accounted for by the 
introduction of k3(r,8). Both factors are angle 8 
dependent whereas attenuation in medium addi
tionally depends on the distance r (Fig. 1 A). 

Respecting ali the differences, corrected mo
del will be: 
144 

N k2(8;) 
Dtissue = k 1 Q I r 6 L -- k3(r;, 8;) [2) 

; = 1 r;2 

where i (i = 1, N) denotes i-th segment. The 
explicit structure of this model will depend on the 
form of correction factors. Before choosing them, 
we should point out some problems concerning 
values of Q and r 6 constants Q is nominal linear 
activity. Since ali iridium-192 wire sources are 
cyclotron activated, their actual linear activities 
could significantly differ (± 10%) from nominal 
values, for each of the activated sources. Like 
wis�. published dala tor iridium-192 r 6 constant 
show 15-20% difference, mainly because of the 
conceptual disagreement (definitions of filtered/ 
nonfiltered sources) (1,5,8). The influence of Q 
and r 6 uncertainties on the value of Dtissue could 
be minimized with source calibration. 

Standard calibration of sealed brachytherapy 
sources is performed in the defined geometry. 
Measurement is done 1 m from the source, in 
radia! plain of the source. For wire sources 
measurement is done on 1 cm long samples. We 
will describe calibration by the same model we 
use for dosimetry. Radiation coming from a 1 cm 
sample, placed 1 m from the detector, could be 
considered as coming from the point source: 

. k4 Kc air = QR L r 6 -2- k5(rK) 
rK 

[3) 

Kc [µGyh.1] is calibration air kerma rale; QR
[Bqmm·11 
is real linear activity; L [mm] is active length of 
the sample; rK [m) is distance from the source to 
the measuring device. The losses in the sample 
are described by the attenuation factor K4 (which 
is free of 8 because of a very big rK), and those 
in the air that fill the space between the sample 
and the measuring device with k5(rK) (Fig. 1 B). 
After substitution: 

D. = k Kc . � � rK
2 k2(8;) k3(r;,8 ;) [4)t1ssue 1 air L � _2 k k (r ) ,i :': J r, 4 5 K 

Eq. [4) assumes knowledge of the calibration 
system geometry. lf the calibration could not be 
done directly, the values supplied by the manu
facturer (source certificate) should be used. 

Results - Assuming ionization equlibria and
very small bremsstrahlung energy losses, k 1 is 
nearly equal to the ratio of the tissue mass 
absorption coefficient to the corresponding one 
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Fig. 1 A - Small segment of iridium-192 line source (le�gth I and diametere d) approximate_ly radiates as point source. 
Absorbed dose rate in a point of interstitial implant is derived from crude model applying three correction factors: 
k1 describing the relation between air and tissue kerma rates in small volume in close proximity of observed point; 
k2(0;) correcting for radiation losses due to selfabsorption in lr-Pt wire core and attenuation in the Pt cladding; 

k3(r;,a;) associated with absorption of radiation in the tissue. 

Fig. 1 B - Calibration measurement of the air kerma rale for a source sampole (length L) is described with the 
same model we use for description of line source radiation distribution. Two correction factors are introduced to 

describe losses: k4, attenuation in the wire; k5(rK) attenuation in the air. 

in fhe air. k1 is approximately constant from 
200-2000 keV (9) and is independent of the type 
of absorption medium for - 370 keV gamma
photons; for the water K 1w = 1 .11, and for 
muscular tissue, k1 M = 1.1 O (8, 10). Rounded 
value of k 1 = 1 .1, describes acceptably all 
iridium-192 interstitial implants. 

k2(0) and k4 were introduced into the model 
to balance core selfabsorption losses and plati
num cladding attenuation of radiation. Selfabsor
ption could be neglected altogether since it was 
established that for 1 mm of lr-Pt absorption 
material it is only 0.5% (11 ). Attenuation is 
described with the standard exponential form. 
Since dimensions of implant and calibration set-

Radio11u90s1 1991; 25:143-8. 

ting are different (rK » r;), 0 dependence of k4 

could be disregarded, therefore: 

k2(8;) 
=e 

k4 

µd µd 
--- + -

2cos8; 2 [5) 

µ is linear absorption coefficient and d is thic
kness. Eq. [5) is strictly met only for single point 
in the center of the i-th segment. Some effective 
values µe1 and der could be introduced if all 
radiation cominq from different points of I is to 
be taken into account. lf r; » 1, then der = d. 
Different values are published tor µer [0.43 mm·1
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(2,6, 12), 0.445 mm-1 (13) and 0.5 mm-1 (7)]. µe1
= 0.45 mm·1 suffices practical needs. Rounding
error introduced into the model is < 0.5%. 

For convenience, source calibrations are 
done in the air. It was shown that tor iridium-192 
source, k5[rK] < 1.01 (13). Taking k5[rK] = 1 in 
the model, introduces error < 1 %. 

lf the implant is set in such a way that 
sources are fixed inside metal guides used tor

implementation, k3 could be separated: 

k3(r;,0;) = k31(r;) k3
9(0;) [6] 

k3\r;) describes absorption in the tissue; k3
9(0;) 

compensates absorption in the metal guide. 
k3

1(r;) is approximated with the second order 
polynomial having measured (14) or Monte Caric 
simulation study determined coefficients (15). 
We use: 

k3(r;) = 0.9834 + 1. 754 x 1 o·3r; - 2.205 x 1 o-5r;2 

[7] 

k3
3(0;) is having standard exponential structure

with µ = 0.54 cm·1 
tor - 370 kwV energy.

The plane perpendicular to long axes of 
sources, dividing the sources by half, is named 
central plane (CP). Using explicit form of the 
model, absorption dose rates in tissue was calcu
lated tor the CP of single line source (Table 1 ). 
Values are tabulated tor different source lengths 
(20-150 mm) and (nearly exponential) set of 
distances from the source (1-75 mm). Radiation 
of the source on the distance > 75 mm could be 
disregarded. Values of Dussue are calculated with 
1 = 1 mm and tor niminal Kc

air = 0.754 µGyh·1

corresponding to 1 m measurement of ideal 
source with the linear activity of 6.66 MBqmm·1.
Calculated values do not take into account absor
ption in metallic guides (k3(r;,0;) = k3

1(r;)). Absor
ption in standard steel metallic guides is not 
substantial; it is pronounced only tor short sour
ces (up to 40 mm) and small distances from the 
source (tor 3 mm distance, dose rate in CP is -
1.5% lower). For r; > 10 mm the influence of the 
metallic guide absorption could be disregarded 
(< 1%). 

Two dosimetric schemes are used tor nume
rical control of iridium-192 implants: Paterson
Parker and Paris system. The last one, formula
ted exclusively tor iridium-192, relates implant 
geometry with absorbed dose through special 
rules on spatial distribution of line sources (16]. 
In Paris system ideal planar implants are formed 
from straight and parallel sources of the same 
linear activity, equally distant from nearest neig
hbors. Velurne implants are formed as stacks of 
planar implants. Table 1. is generated to be used 
as computer look-up table tor tast calculation of 
Paris implant dosimetry. The density of points is 
sufficient tor simple linear interpolation. 

The tables could equally be used tor singlepin 
as well as hairpin sources, when effective length 
of sources should be taken. 

Discussion - Two decimal places used tor

the tabulated values of Dussue are utilized to show 
how slowly over the observed range the absor
bed dose rate changes. Actual accuracy is consi
derably lower. Main reasons tor that are: inherent 
weakness of the corrections introduced in basis 
model as well as approximate values tor the k

Table 1 - The values of Dussue [Gyh-1] were calculated for the line source with nominal linear activity of 6.66
GBqmm·1 (180 µCimm·1). For given linear source, tabulated values should be normalized (multiplied by f = Kc ai,
/ 0.754). It independent calibration of source is not possible, Kcair (µGyh.1] from suppliers declaration could be

used. Short half-life of iridium-192 requires adequate corrections. 

source Central plane distance [mm] 
length 
[mm] 1 2 3 4 5 6 7 9 12 15 19 24 30 37 47 59 75 

20 2.25 1.08 0.68 0.48 0.36 0.28 0.22 0.15 0.1 O 0.07 0.04 0.03 0.02 0.01 0.01 0.01 0.00 
24 2.26 1.10 0.70 0.50 0.38 0.30 0.24 0.17 0.11 0.08 0.05 0.03 0.02 0.01 0.01 0.01 0.00 
28 2.27 1.11 0.71 0.51 0.39 0.31 0.26 0.18 0.12 0.08 0.06 0.04 0.02 0.02 0.01 0.01 0.00 
32 2.28 1.12 0.73 0.53 0.41 0.33 0.27 0.19 0.13 0.09 0.06 0.04 0.03 0.02 0.01 0.01 0.01 
36 2.28 1.13 0.73 0.54 0.41 0.33 0.28 0.20 0.13 0.10 0.07 o.os 0.03 0.02 0.01 0.01 0.01 
42 2.28 1.13 0.74 0.54 0.43 0.34 0.29 0.21 0.14 0.11 0.07 0.05 0.03 0.02 0.02 0.01 0.01 
48 2.29 1.14 O. 75 0.55 0.43 0.35 0.30 0.22 0.15 0.11 0.08 0.06 0.04 0.03 0.02 0.01 0.01 
50 2.29 1.14 O. 75 0.56 0.44 0.36 0.30 0.23 0.16 0.12 0.09 0.06 0.04 0.03 0.02 0.01 0.01 
60 2.29 1.15 0.76 0.56 0.44 0.37 0.31 0.23 0.16 0.12 0.09 0.06 0.05 0.03 0.02 0.01 0.01 
70 2.29 1.15 0.76 0.57 0.45 0.37 0.31 0.24 0.17 0.13 0.10 0.07 0.05 0.04 0.02 0.02 0.01 
90 2.29 1.15 0.77 0.57 0.45 0.38 0.32 0.24 0.18 0.14 0.10 0.08 0.06 0.05 0.03 0.02 0.02 
120 2.29 1.15 0.77 0.58 0.46 0.38 0.33 0.25 0.18 0.14 0.11 0.08 0.06 0.05 0.03 0.02 0.02 
150 2.29 1.15 0.77 0.58 0.46 0.38 0.33 0.25 0.19 0.15 0.11 0.09 0.07 0.05 0.04 0.03 0.02 

146 Radio! lugosl 1991 ; 25: 143-8. 



Lakner V. Tissue absorbed dose rate from iridium-192 line source 

parameters. It could be estimated through model 
.evaluation that uncertainty associated with the 
tabulated values of Dussue is approximately ± 6% 
(1 ). This could be considered as the theoretical 
error of dosimetry since nominal value of air 
kerma rate Ka;, is assumed in calculations. 

Normalization of table 1 to a specific source 
with measured Kc 

air appends considerable practi
cal error to dosimetry. Since Kc 

air is established 
with at least ± 5%, overall uncertainty of Dtissue 

is not better Ihan ± 11 % . Some additional 
practical errors could even 'worsen the expected 
uncertainty. Since iridium-192 wire sources are 
produced by cyclotron activation, contents of the 
core could vary significantly (±4-5%) along the 
single 500 mm coil (17). Therefore, the supplier 
guaranties only that activity measured with 1 mm 
window along the source length will not be 
changing for more Ihan ±5%. Multiple use (ben
ding) of wire thins platinum cladding. Possible 
local inhomogeneity due to the increase of beta 
radiation is to be assumed. As a result Dussue 
derived from the tabulated values could not be 
better Ihan ± 15 % . 

lf the implant is complex, consisting of several 
line sources set in intricate pattern, the uncer
tainty margins for evaluated dose rale are even 
wider. 

Direct comparison between our results and 
cross-line or escargot curves is not possible 
due to the insufficient normalization dala. Values 
in table 1 are in good agreement with those 
described by Dutreix et al. (13) showing only 
2-3% difference on average. Somewhat bigger
disagreement is observed when table 1 is compa
red with the values obtained by Kline et al. (5).
Typical 3-6% difference depends on the source
length and the distance from the source.

Relatively small deviation indicates consistent 
modelling which could not be considerably impro
ved. It should be stressed that clinical utilization 
of any model of tissue absorbed dose rale from 
iridium-192 line source strongly depends on prac
tical errors. Therefore, numbers derived from 
tabulated values of Dussue should be understood 
only as an acceptable estimate of achieved 
absorbed dose rale. 

Sažetak 

APSORBIRANA DOZA U TKIVU OKO RAVNOG IRI
DIJ-192 IZVORA 

Formuliran je jednostavan model brzine apsorbi
rane doze u tkivu oko ravnog iridij-192 izvora. Model 
sadrži korekcije zbog gubitka u zračenju zbog samoap
sorpcije, atenuacije u ovojnici žice kao i apsorpcije u 
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tkivu. Analizirani su oblici korekcija. Model se koristi za 
izračunavanje vrijednosti apsorbirane doze za različite 
duljine izvora (20-150 mm) i skup udaljenosti (do 75 
mm) u centralnoj ravnini žičanog izvora. Izračunate
brzine apsorbirane doze dobro se slažu sa prije objav
ljenim rezultatima. Teorijska pogreška naših vrijednosti
je reda ±6%. Kalibracijsko mjerenje brzine kerme u 
zraku za 1 cm dugački uzorak izvora koristi se za
normalizaciju podataka za dani skup izvora ili namotaj
žice. Netočnost pridružena dozimetrijskom opisu kli
ničke postave iridij-192 intersticijskog implantata je 
reda ± 15%. Normalizirane brzine apsorbirane doze 
namjenjene su računarskoj upotrebi gdje se kao look

up table koriste u Pariškom dozimetrijskom sustavu. 
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FROM PRACTICE FOR PRACTICE 

Case 2 

Answer: This is a superior vena cavogram 
which shows that there is no opacification of the 
superior vena cava. Contrast medium opacifies 
both distal subclavian veins which drain into 
dilated collateral veins around the base of the 
neck and chest wall. There is opacification of the 
azygos and hemi-azygos veins. The diagnosis is 
superior vena cava occlusion, which is probably 
chronic in view of the well developed collateral 
veins shown on this image. 

This investigation is performed by inserting 
venous cannulae into veins in both arms, prefera
bly a large antecubital vein, and injecting non-io
nic contrast medium through both cannulae si-
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multaneously. This allows demonstration of the 
proximal occlusions on both sides of the chest on 
the same film. 

There are many causes of superior vena

cava occlusion, a majority producing thrombosis. 
These include mediastinal malignancy, radiothe
rapy, mediastinal sepsis, fibrosing mediastinitis, 
peripheral or central administration of irritant 
infusion fluids or cytotoxic drugs, and central 
venous foreign bodies (such as pacing wires, 
and central venous canulae). 

Author's address: Janez Klančar, MD, Institute of 
rentgenology, University medica! center Ljubljana, Za
loška 2, 61000 Ljubljana 
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ADAPTIVE RESPONSE OF MAMMALIAN CELLS TO IONIZING RADIATION 
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Abstract - Human lymphocytes and Chinese hamster cells pretreated with low dose of ionizing radiation either 
from incorporated 3H-thymidine or x- or gamma rays become less susceptible to the clastogenic effects of a 
subsequent higher dose. This phenomenon has been termed adaptive response to ionizing radiation. The 
possibility that adaptation effect involves different celi stage sensitivity to radiation or selective kiliing of a 
radiosensitive subpopulation was rejected through the experimental dala. The celi preirradiation with low doses 
induces several proteins (not seen in control cells) which are potential candidates tor adaptive response. Poly 
(ADP-ribose) polymerase seems to be one of them. Several factors may influence the adaptive response: the 
total adapting dose, the rale at which this dose is given, the phase of the celi-cycle in which the celis are 
preirradiated, the tirne interval between adapting and chalienge dose, and the variability of the human population 
in the adaptive response to ionizing radiation. The celis adapted with low doses of x- or gamma rays or low 
concentrations of 3H-thymidine displayed a cross resistance to mitomycin C, bleomvcin and near ultraviolet liqht, 
bul not to methyl methane sulphonate, ethyl methane sulphonate or cis-dichlorodiamm1neplatinum (II). In 
conclusion, adaptive response to ionizing radiation is one of the repair systems that can be induced by DNA 

damage, like SOS-response, adaptive response to alkylating agents induced domage, the inducible system tor 
reparing oxidizing damage and, perhaps, the heat-shock regulatory network. 
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AII living organisms are exposed to numerous 
deletorious agents. The critical target in the celi 
for many of them is the DNA molecule. DNA

unique sequence of nucleotides encodes the 
genetic information fundamental to control cellu
lar metabolism and reproduction. Adequate 
maintenance of the genetic material requires an 
extremely accurate mechanism for copying DNA

sequences once every celi generation and a 
mechanism for repairing many accidental lesions 
occurred spontaneously in DNA or due to envi
ronmental agents. In terms of DNA repair, there 
is a number of distinct linear pathways that can 
help an organism to recover from the introduction 
of lesions into its DNA (1,2). However, it is 
important to bear in mind that there are often 
severa! choices how a given lesion or repair 
intermediate can be processed. 

Damage in DNA can induce severa! repair 
systems to reverse or minimize the effects of 
DNA damage. The first discovered, SOS respon
se, is the largest, most complex and best under
stood DNA damage inducible system (3,4). lndu
ced as the response to UV-light exposure and 
treatment with certain chemicals, it improves the 
survival but simultaneously increases mutagene
sis. The mechanisms of induction and the genes 
coded for DNA repair proteins are very well 

Received: July 19, 1990 -Accepted: August 4, 1990 

characterized in prokaryotes (5). However, the 
existence of SOS response in eukaryotes is 
uncertain (1,6). 

Another type of DNA-damage-inducible re
sponse, adaptive response, is observed for cells 
treated with alkylating agents (7-9). Due to in
duction of specific enzymes which remove alkyl 
groups or alkylated bases (2), the survival of 
damaged cells increases and the yield or muta
tions decreases. Again, this repait inducible sy
stem is well characterized in prokaryotes (1 O), 
but the evidence for its exsistance in eukaryotes 
are contraversal (1, 11 ). 

Thermotolerance to a subsequent hyperter
mic treatment can be induced by a short expo
sure to a nonlethal heat treatment. The molecular 
mechanisms of these changes are not known. 
Heat stress causes a variety of alterations in 
cellular physiollogy, including increase in the 
synthesis of certain proteins (heat shock pro
teins-hsps). Evidence is accumulating that hsps 
or their cognates may function in growth and 
differentiation in some manner as yet not fully 
understood (12). Heat shock response can be 
induced also by DNA damage from UV-radiation 
or nalidixic acid (13). There is, however, little 
evidence that the induction of heat-shock-re-
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sponse modifies survival or mutagenesis after 
subsequent DNA damage. 

In addition, studies show that E. coli has an 
inducible system for repairing oxidizing damage. 
The pretreatment with H202 induced the repair of 
lesions induced by peroxide itself and by ionizing 
radiation (14). 

An adaptive response phenomenologically 
analogous to adaptive response to alkylating 
agents was discovered for ionizing radiation. It 
was first reported by Olivieri et al. (15). lf human 
lymphocytes were cultured in a medium contai
ning low concentrations of tritiated thymidine, as 
a source of low level chronic irradiation, and then 
exposed to subsequent higher dose of x-rays, 
the yield of chromatid aberrations was less than 
the sum of yields of these aberrations induced by 
3H-thymidine and x-rays separately. These re
sults have been interpreted as evidence for the
induction of an adaptive chromosomal repair
process. Shadley and Wolff (16) observed, that
a very low acute dose of x-rays (0,01 Gy) can
also protect the lymphocytes against the clatoge
nic effects of a subsequently higher dose. Seve
ral reports published since than confirm these
results (17-21 ). Adaptive response to ionizing
irradiation was also observed for Chinese ham
ster cells (22,23), and Vicia faba root tip cells
(24).

The decline in chromatid aberrations can be 
atributed to the selective killing of a radiosensitive 
subpopulation of cells and the prevention of their 
progression to mitosis, or to differential stage 
sensitivity to radiation. To examine the first hypot
hesis, 3H-thymidine labelled female cells were
co-cultured with unlabelled male cells. The pro
portions of female and male cells were determi
ned at metaphase by analysing the sex chromo
some constitution of the scored cells. In control 
experiments unlabelled female cells were co-cul
tured with unlabelled male cells. In both cases 
the same proportion of female to male cells were 
recovered at metaphase as were initially establis
hed in the cultures. In addition, autoradiograms 
of the metaphase preparations showed that all 
cells observed at metaphase were labelled, indi
cating that there was no selection against cells 
labelled with 3H-thymidine. Consequently, the 
adaptive response cannot be attributed to selec
tive killing of a radiosensitive population of cells 
by the incorporated radioisotope, which than 
would lead to an apparent decrease in aberration 
yield (17). 

It has been documented by Olivieri et al. that 
differential stage sensitivity does not account for 
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the decline in chromatide aberrations (15). Hu
man lymphocytes cultured with 3H-thymidine and
than exposed to 1 .5 of x-rays were fixed at 
different tirne after irradition (5-11 hours). In all 
cases, the yield of chromatid breaks was less 
than the sum of the yield of aberrations induced 
by 3H-thymidine and x-rays separately, indicating
that stage sensitivity coupled with a differential 
delay in the progression of irradiated cells to 
metaphase is not an explanation for adaptive 
response. 

The machanism underlying the adaptation to 
ionizing radiation is not exactly known. The celi 
preirradiation with low doses of ionizing radiation 
induces several proteins (not seen in control 
cells), which are potential candidates for adaptive 
response (25). Olivieri et al. (15) have postulated 
that adaptive response is mediated through the 
induction of the enzyme, involved in chromoso
mal repair. Poly (ADP-ribose) polymerase is pro
bably one of them. It is required for the efficient 
repair of chromosomal damage (26). DNA strand 
breaks, which occur as the common lesion after 
ionizing radiation, are responsible for stimulating 
of poly (ADP-ribose) synthesis (27). To test the 
possibility that poly (ADP-ribosyl)ation might be 
involved in the adaptive response to ionizing 
radiation, Wiencke et al. (17) carried out the 
adaptation studies in the presence of 3-amino
benzamide (3 AB), a potent inhibitor of poly(ADP
ribose) polymerase (28). The addition of 3 AB 
prevented the adaptive response. In dose-fractio
nation studies carried out in G 1 lymphocytes with 
3 AB present between two doses, 3 AB markedly 
prolonged the tirne required for x-ray-induced 
breaks to become repaired. Therefore, low levels 
of 3H-thymidine concentrations induced a chro
mosomal repair mechanism whose activity can 
be inhibited by an inhibitor of poly (ADP-ribose) 
polymerase, i.e. poly (ADP-ribose) polymerase 
is involved in adaptive response. 

The specificity of 3 AB as an inhibitor of 
poly(ADP-ribose) polymerase has been questio
ned recently because it migh interfere with meta
bolic reactions other than those mediated by 
poly(ADP-ribose) polymerase. Whether 
poly(ADP-ribosyl)ation itself is directly involved, 
or whether the response is a secondary effect 
was examined by Wiencke (29). Poly(ADP-ribo
syl)ation inhibition can be achieved alternatively 
by depletion of cellular NAD pools. Exogenous 
source of nicotinamide is required for NAD 
synthesis in human lymphocytes. Therefore, ni
cotinamide-free medium which prevents 
poly(ADP-ribosyl) ation by depletion of cellular 
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NAD, was used to study the involvement of 
poly(ADP-ribosyl) polymerase in adaptive re
sponse. It was found that nicotinamide deficiency 
mimics the effects of 3 AB on both adaptive 
response and chromosomal repair. These results 
indicate that poly (ADP-ribose) polymerase acti
vity itself, and not other metabolic processes 
affected by inhibitors of this enzyme, plays an 
essential role in the adaptive response. 

The importance of cellular NAD concentration 
and poly(ADP-ribosyl)ation is considred. Howe
ver, the mechanisms by which these factors 
affect chromosomal repair are not exactly known. 
Poly(ADP-ribosyl)ation may facilitate the DNA 
repair by regulating DNA ligase activity, by affec
ting chromatin conformation, by supressing ac
tion of endogenous nucleases (27). It has been 
shown that ADP-ribosylation may be involved 
only in certain sta.9es of the cell-cycle (30). 

Severa! factors may influence the adaptive 
response: the total adapting dose, the rate at 
which this dose is given, the tirne interval bet
ween adapting and challenge dose, and the 
variability of the human population in the adaptive 
response to ionizing radiation. 

The importance of the level of adapting dose 
in the induction of adaptive response was exami
ned for Chinese hamster cells. The chronic expo
sure of cells to low concentration of 3H-thymidine
induced the adaptive response only within certain 
dose-range. i.e. if the concentrations of 3H-thy
midine were between 0.185 and 3. 7 kBq/ml (23). 
The adaptive response could be induced also by 
external, single exposure to x-or gamma-rays, if 
the adapting dose was 0.01 or 0.05 Gy (16,23), 
but not with the doses higher than 0.2 Gy (16). 
For human lymphocytes the concentration of the 
3H-thymidine could increase up to 37 kBq/ml,
and stili be capable of inducing adaptive re
sponse (17).

The chronic pretreatment with 3H-thymidine 
at a dose that produced equivalent amounts of 
chromatid breakage as 0.5 Gy of x-rays did 
induce adaptive response (17). However, no 
adaptive response was observed for lymphocy
tes pretreated with acute dose of 0.5 Gy of 
x-rays and challenged subsequently with 1.5 Gy 
dose (16). To explain this difference in biological 
response, Shadley and Wiencke (19) examined 
the role of pretreatment dose rate. Pretreatment 
dose delivered at 0.2--0.05 Gy/min could induce 
the adaptive response, while slower dose-rate 
did not. The experiments were done also with the 
pretreatment dose of 0.5 Gy delivered at 0.5 to 
0.005 Gy/min. Significantly fewer chromatid 
breaks were observed with the dose rate 0.05 to 
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0.005 Gy/min, with the greatest reduction for the 
lowest dose-rate examined. Both pretreatment 
doses, 0.5 and 0.01 Gy, when given at 0.05 
Gy/min, are capable to induce the adaptive re
sponse. At the same tirne lowering the challenge 
dose rate from 1 to 0.01 Gy/min had no effect on 
the adaptive response indicating that the dose 
rate effect is limited only to the pretreatment 
dose. 

The inducing signal for he adaptive response 
is thought to be the damage either to DNA or 
chromatin. A certain number of lesions have to 
be produced within appropriate period of tirne to 
turn on the response. When a low dose is give at 
the low dose-rate, the lesions may not be produ
ced at high enough rate to turn the response on. 
When a high dose is given at a high dose-rate, 
too many lesions may be formed in the required 
period of tirne, leading to a saturation of the 
effect that prevents the induction of the response. 
Alternatively, the lesions may interact with each 
other removing the inducing signal and forming 
other types of lesions that will not turn on the 
response. This dose-rate effect may serve as 
the fine regulator of adaptive response induction 
turning it on only for the exposures higher than 
normal background radiation or to radiation be
low a certain level (19). 

Such threshold for low dose inducible repair 
system has a been reported by several groups. 
They noted a plateau effect in induction of chro
mosomal aberrations in human lymphocytes with 
a threshold at 0.01 to 0.3 Gy (31-37). This effect 
has been attributed to the induction and satura
tion of chromosomal repair system. There are, 
however, some differences between this pheno
menon and the adaptive response to ionizing 
radiation. The major is that at this tirne there is 
no evidence that low doses of gamma or alpha 
radiation will induce adaptive response, or that 
the response will work on chromosome type 
damage in lymphocytes, as the chromatide da
mage is known to work on. A miner difference is 
that the reports mentioned above were done with 
lymphocytes irradiated in G0 phase of the cell-cy
cle, and the adaptive response has been obser
ved only for proliferating lymphocytes stimulated 
by PHA. 

Time interval between adapting and chal
lenge dose can influence the induction and full 
expression of adaptive response. It was found 
that 4-h interval was sufficient for the expression 
of adaptive response (18,23), but 5-6 h were 
needed for full expression in human lymphocytes 
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(18). This phenomenom persists for at least 
three cell--cycles in human lymphocytes (18). 

The variance in donor effect could be involved 
in modified adaptive response. Using radiation 
as both initial treatment and challenge, response 
Bosi and Olivieri (20) found that 4 out of 18 
donors showed no adaptive response and in 
some of these the response was synergistic. 
With a similar experimental design Sankarana
rayanan et al. (21) found a smaller but consisten
tly positive adaptive response varying in magni
tude between the donors., 

The variation in the induction of adaptive 
response could explain the negative results re
ported by Schmid et al. (38}. Using virtually 
identical culture condition and irradiation condi
tions as Shadley and Wolff (16), they did not 
confirm their results. The minor variations in 
culture conditions (concentration of fetal calf 
serum, penicillin and streptomycin ) seems unli
kely to be the cause of different results. Alterna
tively, the increased level of PHA used by Schmid 
et al. (38) could influence the results because 
mitogenic stimulation has shown to induce an 
anti-mutagenic repair system ih human lympho
cytes (39). PHA stimulation could therefore affect 
the induction of chromosomal changes. Sander
son and Morley (40) observed no adaptive re
sponse in human lymphocytes: adapting dose 
prior to X-radiation had no effect on X-radiation 
related lethality, but produced a significant de
crease in the number of mutations. This »no 
adaptive« response can be explained by the fact 
that their protocols suggest treatment of G

0 

human lymphocytes- a stage in celi cycle, in 
which no adaptive response with respect to 
chromosomal damage was observed ( 18, 41 , 
42). Therefore, in apears, that adaptation of cells 
to low doses of ionizing radiation requires mito
genic stimulation of the lymphocytes. This is in 
agreement with other reports showing that stimu
lated lymphocytes have higher repair capacity 
than do unstimulated lymphocytes (43, 44). 

Adaptive response reaction to some chemi
cals have been examined. Adaptive response 
was generally found to be limited to these cases 
where the same type of DNA lesions were indu
ced by the initial priming exposure and by the 
subsequent challenge (8, 45). lrradiation appears 
to result in the induction of a broader range of 
responses capable of repairing a wider variety of 
primary lesions, suggesting that radiation induci
ble repair process differs from that in the adaptive 
response to alkylating agents. Human lymphocy
tes preirradiated with low levels od h3H-thymidine
or low doses of x-rays become cross-resistant 
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to mitomycin C (MMC) (42, 46) and bleomycin 
(46), but not to methylmethanesulfonate (46). 
Cross-reactivity of gamma ray induced adaptive 
response was observed also for Chinese ham
ster V79 cells to DNA lesions produced by 
mitomycin C, and near ultraviolet light, but not to 
those of ethylmethansulfonate or cis-dichloro
diammineplatinum (II) (23). Human lymphocytes 
pretreated with low concentration of bleomycin 
(an S-independent radiomimetic agent, which, 
like ionizing radiation, induces double strand 
breaks in DNA) became significantly less sensi
tive to induction of chromosomal damage of 
subsequent high concentration of the same agent 
and cross-resistant to x-rays (47). 

The significance of an inducible repair pro
sess under in vivo conditions cannot be assessed 
at present due to too few empyrical data. Jacob
son-Kramm and Williams (48) reported that there 
was no adaptive response of bone marrov cells 
under the experimental conditions they used 
(adapting dose of 0.125 Gy and challenge dose 
of 1.5 Gy of gamma-radiation. This failure to 
induce adaptive response could be due to a too 
high adapting dose. Contrary to that, Wojcik and 
Tuschl (49) report that whole-body irradiation 
of mice with low doses of gamma-radiation 
causes an increase in the cellular repair capacity 
of spleen lymphocytes. It lasts approximately 12 
days and manifests itself as higher in vitro UV
light induced unscheduled DNA synthesis (USD) 
rates and lower in vitro MMC-induced sister 
chromatide exchange (SCE) (49). 

The beneficial effect from low doses of an 
otherwise harmful agent has been termed horme
sis. The possibility that hormesis could also 
occur in response to ionizing radiation was ad
vanced by Luckey (50). He published a mono
graph on this subject summarizing the animal 
data from over 1200 papers. The biopositive 
effects of low-dose radiation comprise: improved 
healing rate for wounds, accelerated embryo 
development, increased resistance to effects of 
subsequent high-dose radiation exposures, in
creased immunological response, increased 
weight and increased longevity (reviewed in 51). 
Hormetic effects might also occur in humans. 
Severa! studies indicate a lower cancer incidence 
in high radiation background areas as compared 
to control population in low background areas 
(reviewed in 51 ). Antitumor effects of low-dose 
radiation were observed in some human tumors 
and on experimental mice tumors (52-54, revie
wed in 55), but in some cases an increase in 
neoplasia at low-level exposures was seen (56). 
Hormetic response has been found also in most 
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plant species involving the stimulation of growth 
(57), being most evident at the early stage of 
growth (58). 

The exact mechanism of radiation hormesis 
is not known. One of the possibile explanations 
was given by Kondo (55). he proposes that 
radiation hormesis results from altruistic (in ani
mals) or non-altruistic (in plants) celi death. The 
inactivation of radiosensitiv celis by low dose 
radiation of growing or slowly renewing organs 
stimulates proliferation of healthy primordial celis. 
The resulting increase in celi proliferation may 
lead, at least for limited period of tirne, to an 
increase in the functional activity of the organ. 
This hypothesis is assessed in relation to the 
reported effects of low-dose radiation on the 
immune system .in mice (59,60) and on the 
growth potential of plants (57,58). Adaptive re
sponse to ionizing radiation reviewed in this 
paper may be an other aspect of the defence
adaptive mechanism of celis to ionizing radiation. 

Sažetak 

Humani limfociti i slanice kineskog hrčka zračene 
malim dozama ionizirajuceg zračenja (koje potječe od 
inkorporacije radioaktivnog 3H-timidina ili x- ili gama 
zraka), postaju manje osjetljive na klastogeni efekt 
slijedece vece doze. Taj fenomen naziva se adaptivni 
odgovor na ionizirajuce zračenje. Mogucnost, da je 
fenomen adaptacije zapravo uzrokovan različitom 
osjetljivošcu slanica na zračenje ovisno o njihovoj fazi 
u staničnom ciklusu ili selektivnim ubijanjem subpopu
lacije je slanica osjetljivih na zračenje, odbačena je na 
temelju eksperimentalnih rezultata. U slanicama zrače
nim malim dozama induciraju se različiti proteini (kojih
nema u kontrolnim slanicama), koji bi mogli biti odgo
vorni za adaptivni odgovor. Jedan od njih je i poli
(ADP-riboza) polimeraza. Brojni faktori mogu utjecati
na adaptivni odgovor: ukupna adaptivna doza, brzina
te doze, faza staničnog ciklusa u kojoj se slanice
adaptiraju, vremenski interval izmedu adaptive i slije
dece doze, te varijabilnost u adaptivnom odgovoru
unutar humane populacije. Slanice adaptirane malim
dozama ionizirajuceg zračenja pokazuju unakrsnu rezi
stanciju na mitomicin C, bleomicin i ultravioletno svjetlo
(UVA), ali ne na metil metan sultanat, etil metan
sulfonat ili cis-diklorodiamin platinu (II). Mažemo zakl
jučiti, da je adaptivni odgovor na ionizirajuce zračenje
jedan od sistema popravka koje mogu inducirati oš
tecenja u DNA, kao što je SOS odgovor, adaptivni
odgovor na oštecenja nastala djelovanjem alkilirajucih 
agensa, inducibilni sistem za popravak oksidativnih 
oštecenja i, možda, inducibilni sistem za popravak
oštecenja nastalih djelovanjem povišene temperature.
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lntroduction - Biol�gical response modifiers 
(BRM) play an important role in cancer therapy, 
but as single agents have proved to be insutfi
ciently effective (1, 2, 3). Presently, the role of 
IL-2 is under intensive investigation, a T-cell 
growth factor which can in animal models acti
vate antitumor mechanisms and suppress tumor 
growth or in some instances, induce tumor re
gression (2, 4, 5, 6, 7). Better effects were 
obtained by combining the IL-2 therapy with 
adoptive transfer of activated lymphocytes (8). 

Also, new approaches in combining BRM 
with other cytotoxic agents to potentate the effect 
are in progress (8, 9, 1 O, 11, 12). Attempts have 
been made to combine IL-2 therapy with chemo
terapeutic drugs such as cyclophosphamide 
(CY), doxorubicin (Dox), and bischloroethylnitro
sourea (BCNU) (8, 1 O, 12, 13). Especially effec
tive was a combination of Cy and IL-2 where the 
effectiveness of Cy was attributed to reduction of 
the tumor burden, an increase in susceptibility of 
tumor cells to immune lysis, and/or decrease in 
suppressor celi activity ( 12). Experimental and 
clinical reports on combination of dacarbazine 
(DTIC} and IL-2 in the treatment of malignant 
melanoma show that the treatment in this combi
nation is feasible and effective (14, 15, 16). 

Since the antitumor effect depends on the 
quantitiy of chemotherapeutic applied, treatment 
with the highest necessary dose seems logical. 

·In such cases the limiting factor of the chemothe
rapeutic applied is the myelosuppressive effect.
In order to study the restoring effect of IL-2 on
myelosuppression induced by chemotherapy, we
followed the effect with PBL count as the indica
tor of bone marrow cellularitiy. Therefore, the
aim of the present study was to evaluate the
influence of IL-2 in combination with DTIC on
PBL number in normal mice to determine whet
her IL-2 treatment can interfere with DTIC-indu
ced leukopenia.

Material s and methods - A n i  m a I s : Fe
male C578I/6 mice, 8 to 1 O weeks old were 
purchased from the Institute Ruder Boškovic, 
Zagreb, Yugoslavia. The animals were kept in 
groups 7 to 8 per cage in housing with environ
mental circadian rhythm. 

L y m p h o k i n e a n d D T I C p r o t o c o 1 : Re
combinant human lnterleukin-2 (IL-2) was gene
rously provided by Cetus Corporation, Emeryvil
le, CA, U.S.A. It was more than 99% pure by 
sodium dodecyl sulfate polyacrylamide gel elec
trophoresis. Specific activity was 3x106 U/mg 
protein. Lyophilized IL-2 was stored at -70°C 
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and reconstituted with sterile double distilled 
water to make 3x105 U/ml concentration. Final 
dilution was made with phosphate buffer solution 
(PBS) and used immediately or stored at -70° 

until used. 
Dacarbazine (DTIC) was supplied from Lek, 

Ljubljana, Yugoslavia. -It was stored at -4°C and 
diluted with PBS to appropriate concentration 
immediately before use. 

IL-2 and/or DTIC were administered in the 
mice intraperitoneally for 5 consecutive days in 
the volume of 0.5 ml. Daily dose applied per 10 
g of animal weight was •1 .5x104 U of IL-2 and 1 
mg DTIC. 

Three different schedules of therapy were 
studied. One group of animals was treated first 
with DTIC and after a 7-day interval with IL-2. 
The second group of animals was treated first 
with IL-2 and thereafter with DTIC, whereas the 
third group received both therapeutics simulta
neously. Control mice consisted of a group of 
animals treated with PBS and the two groups 
treated with either single therapy of IL-2 or DTIC. 

As s e s s m e n t  o f  l y m p h o k i n e  a n d  
D T I  C t h e r a  p y : Influence of the therapy on 
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the bone marrow cellularity was followed by the 
determination of total PBL count. Blood samples 
were collected on every second day. Venous 
blood was obtained by incision of the lateral tail 
vein. Fifty microliters of the blood were diluted in 
450 µI of Turk solution for the evaluation of total 
PBL count. 

S t a t i s t i c a l  a n a l y s i s: A minimum of 7 
mice were included in each group. The results 
were presented as arithmetic means (AM) and 
standard errors of the mean (SE). The compari
son between the groups was done by the Studen
t's t test. 

Results - The effect of IL-2 and DTIC treat
ment on peripheral blood leukocyte count (PBL) 
was assessed in healthy mice (Figure 1 ). DTIC 
treatment with 1 mg/1 O g body weight for five 
consecutive days intraperitoneally resulted in leu
kopenia. The lowest number of PBL was noted 
immediately after the cessation of therapy, and 
lasted for two days. Thereafter, the number of PBL 
was steadily increasing and resched norm� PBL 
count after 21 days. The normal range of PBL 
number was determined in a group of 15 animals. 
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Fig. 1 - Effect of simultaneous application of IL-2 and DTIC on PBL count compared to the effect of single DTIC 
and IL-2 therapy. Dots represent AM+/-SE of PBL counts in groups of 7 to 12 animals. Dashed area represems 

PBL counts (AM+/-SD) in untreated group of 15 animals. Arrows indicate applications of IL-2 and/or DTIC. 
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Treatment with high bolus IL-2 (1.5x104 U /
1 O g body weight) injections intraperitoneally tor
tive consecutive days produced a short term
drop in PBL number (Figure 1 ). The drop had its
nadir two days atter the beginning ot treatment
and within three days PBL number returned to
normal range and continued to increase to the
highest levels within normal range. 

In combined treatment we tested whether
simultaneous application ot IL-2 and DTIC can
interact with each other (Figure 1 ). Treatment
with DTIC and IL-2 produced almost the same
decrease in PBL number as DTIC therapy alone
(p,0.05). The recovery ot PBL number was not
accelerated in combined treatment schedule
compared to only DTIC treatment. 

In the schedule where IL-2 therapy was the
tirst, followed by DTIC after a seven day interval, 
the same phenomenon was observed (Figure 2). 
IL-2 did not interfere with the effect od DTIC
treatment measured by PBL number. DTIC treat
ment started when PBL number returned to
normal values. The drop in PBL number in
combined treatment and recovery tirne were the 
same as in the DTIC group (p,o.05). This indica-
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x 12.0 
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ted that the IL-2 treatment did not predispose
the organism to leukopenia induced by DTIC. 

The same happened when the therapy sche
dule was reversed, i.e. DTIC tirst and IL-2
second (p,o.o5) (Figure 3). IL-2 therapy which
followed the DTIC treatment did not attenuate
with recovery tirne ot PBL number atter DTIC
therapy.

Discussion - Biological response modifiers 
(BRM) are important new class ot agents tor the
treatment ot different malignancies. Some ot

these BRM's such as IFN-_alpha and IL-2 have 
already proved to be ettective antitumor agents
in clinical trials (1, 2, 3). Additionally, BRM's are
also able to increase the host's ability to better
tolerate cytotoxic treatment in different ways
(17). They can promote incorporation ot cytotoxic 
substances as well as increase the sensitivity ot

tumor tissue to irradiation. Finally, they are able
to modulate the immunological mechanisms
reacting against the tumor (11 ). 

Malignant melanoma has proved to respond 
to IL-2 treatment, however, the results could be
turther improved using combination with DTIC
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Fig. 2 - Effect of therapy with IL-2 and DTIC on PBL counts compared to single drug therapies. Animals were 
treated for 5 days with IL-2, and after a 7-day delay with DTIC for 5 days. Dots represent AM+/-SE of PBL counts 
detected in groups of 7 to 12 animals. Dashed area represents PBL counts (AM+/-SD) detected in the untreated 

group of 15 animals. Arrows indicate applications of IL-2 and/or DTIC. 
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Fig. 3 - Effect ot therapy with DTIC and IL-2 on PBL counts compared to single therapies. Animals were treated 
tor 5 consecutive days with DTIC and after a 7-day delay with IL-2 tor 5 days. Dots represent AM+/-SE ot PBL 
counts detected in groups ot 7 to 12 animals. Dashed area represents PBL counts (AM+/-SD) detected in the 

untreated group ot 15 animals. Arrows indicate applications ot IL-2 and/or DTIC. 

(2, 3, 9, 18). Clinical trials using similar drug 
combination as ours have proved that this treat
ment regimen is active in metastatic melanoma 
(14, 15). The limiting factor for high dose treat
ment is the myelosuppression induced by che
motherapeutic agent. In a situation when IL-2 is 
given concomitantly, it would be desirable to 
have more information regarding the effect od 
IL-2 on myelosuppression induced by DTIC. 

It is known that IL-2 administered intravenou
sly in experimental animals as in humans depres
ses the PBL count for approximately 50% in 
treated subjects (17, 19). However, after cessa
tion of treatment the PBL counts return to normal 
value in a short tirne, e.g. in a few days (18, 19). 
The mechanism responsible for the depression 
is the extravasation of PBL, facilitated by the 
vascular leak syndrome, which is caused by the 
endothelial damage by lympohocyte activated 
killer (LAK) cells (20,21 ). But it is known that IL-2 
can induce bone marrow stem celi proliferation 
most probably by inducing T-cells to produce 
colony stimulating factors and IL-3 (17). In mice, 
this myelostimulatory effect od IL-2 is reflected 
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also in PBL rebound lymphocytosis bul only after 
a certain lag period. 

On the other hand, DTIC which directly af
fects blood celi formation, can cause profound 
myelosuppression manifested as a marked de
crease in PBL cells. This depressi6n lasting for 
longer period of tirne was observed in experimen
tal animals as well as in humans (22, 23). 

In the presen! study it has been ascertained 
that bolh agents induce leukopenia. It has been 
observed, however, that the IL-2 caused depres
sion was transient, the celi counts returning to 
normal values within five days, whereas the 
DTIC induced myelosuppression was profound, 
recovering only after two weeks. This sequence 
of events was observed regardless the tirne 
sequence of DTIC and IL-2 application. In fact, 
the observed myelosuppression occurred in si
tuations when DTIC and IL-2 were applied simul
taneously, or DTIC first, followed by IL-2, or by 
reversed application. The results indicated that 
the treatment with DTIC induced leukopenia 
which could not be reversed by IL-2 application 
despite its myelostimulatory activity demonstra-
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ted in mice (17). Therefore, it could be accepted 

that these two agents induced leukopenia by 

independent and different mechanisms which do 

not interfere with each other. This is of particular 

importance when the combined treatment is plan

ned in patients with malignant disease. 

Izvleček 

VPLIV INTERLEUKINA-2 IN DAKARBAZINA NA PE-
RIFERNO KRVNO SLIKO MIŠI 

Pomembno je uporabljali pri zdravljenju kemoterapev
tike in imunostimulatorje v pravilnem vrstnem redu, da 
se ne izniči njihov protitumorski učinek. Namen študije 
je bil, da se poišče optimalno zaporedje uporabe 
dakarbazina (DTIC) in interleukina-2 (IL-2), za naj
manjši vpliv na mielosupresijo. Sočasna uporaba 
obeh agensov je povzročila močno leukopenijo v miših. 
Zaporedna terapija z DTIC in nato z IL-2, po sedem 
dnevni pavzi, ni pripomogla k hitrejšem zvišanju števila 
levkocitov v periferni krvi živali. Tudi obratna shema 
terapije ni vplivala na potek leukopenije inducirane z 
DTIC. Rezultati nakazujejo, da z IL-2 ni mogoče 
vplivati na mielosupresijo inducirano z DTIC. Vsak od 
agensov vpliva na število leukocitov v krvi na različen 
način in ne vplivata eden na drugega. To ima lahko 
pomemben terapevtski pomen, ko se načrtuje zdravl
jenje pri bolnikih z rakom. 
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SREDIŠNJI INSTITUT ZA TUMORE I SLICNE BOLESTI, 
LABORATORIJ ZA EKSPERIMENTALNU KANCEROLOGIJU, ZAGREB 

THE ROLE OF FULVIC ACIDS DURING TRANSPORT OF TRACE ELEMENT$ IN THE SAVA 

RIVER BIOCYCLE 

Huljev D 

Abstract - Fulvic acids isolated from the Sava river sediments near Zagreb were characterized by the elementary 
composition and qualitative and quantitative determination of !race elements. Metal concentrations in the 
investigated fulvic acids were determined by the neutron activation analysis. The !race elements measured were: 
Co, Fe, ZN, Se, Sr, Cs, Eu, Se and Sb. The concentrations ranged from 0.16-12,040.0 ,.,g of specific 
microconstituent per gram of samples (J,.tglg=ppm). The calculated concentration of metals in fulvic acid molecules 
increased in the following order: Eu<Sc<Se<Cs<Co<Zn<Sb<Sr and Fe. The role of fulvic acids in the cycle 
of trace elements in the Sava river biocycle are discussed. These dala suggest the ecological importance of !race 
elements bound to fulvic acids in a certain region. 
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lntroduction - Fulvic and humic acids and 
related substances are widely distributed in terre
strial soils, natura! waters, marine, river and lake 
sediments, peat bogs, shales, and brown coals 
(1, 2}. They are important in the transportation 
and enrichment of mineral substances in sedi
ments and sedimentary soils (3), and they serve 
as the precursors of coal and kerogen. In classi
cal terminology, humic acid is defined as the 
material which is extracted from soil and sedi
ments by alkaline solutions and which is percipi
tated upon acidification; fulvic acid is the alkali
soluble material which remains in solution upon 
acidification. Fulvic acids are lower in molecular 
weight than humic acids, and they are the consti
tuent often found in the colored waters of lakes, 
streams and swamps. They represent a hetero
geneous mixture of molecules, which, in any 
given soil or sediment, may range in molecular 
weight from as low as 200 to over 3,500 (4). 
Fulvic acids can form stable water-soluble and 
water-insoluble complexes with metal ions and 
hydrous oxides, interact with clay minerals, com
bine with hydrophobic organic compounds such 
as alkanes, fatty acids, and dialkyl phthalates 
and make them soluble in water (5, 6). Fulvic 
acids can interact with substantial amounts of 

hydrophobic organic compounds (some of which 
may be toxic poliutants such as herbicides, pesti
cides and oil) solubilize them, water and thus 
modify their mobility and possibly their activity in 
aquatic environments (7). Fulvic acids can alco 
exert considerable physiological activity in the 
areas of celi division and celi elongation (8). Ali 
of these properties point to the significant role of 
fulvic acids in reactions occurring in soil and 
waters, including those associated with poliution. 

The major oxygen-containing functional 
groups present in various fractions of fulvic and 
humic acids extracted from different marine clays 
are carboxyls, phenolic and alcoholic hydroxyls 
and carbonyls (9). The functional group present 
in the periphery of many organic molecules is 
important tor characterizing and determining the 
constitution of organic matter. This is particularly 
helpful with natural polymeric substances, such 
as fulvic and humic acids, because the functional 
group approach is one of the best means of 
obtaining structural information on highly com
plex polymers which are difficult to characterize 
by other than empirical methods. This may be 
helpful in determining the nature of the associa
tion of organic matter with inorganic substrate, 
and in determining the role of fulvic and humic 
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acids in the accumulation of metallic elements 
(5, 10). 

Materials and methods - Fulvic acids used 
in this work were isolated from the Sava river 
sediments near Zagreb. Methods of extraction 
and purification of fulvic acids were analogous to 
those described in 1969 (11 ). The fulvic acid 
solution was flash evaporated under reduced 
pressure and temperature, dialyzed against de
stilled water and freeze-dried. Since fulvic acids 
presen! a group of compounds with relative high 
molecular weight, they are characterized by ele
mentary composition and by their content of 
!race elements.

The content of !race elements fixed to fulvic 
acids were investigated by neutron activation 
analysis tor which samples and standard bovine 
liver (1577 NBS) were dried at 383 K (120 
hours), transferred into quartz ampules and irra
diated in a TRIGA reactor near Ljubljana tor 120 
,hours at a neutron flux of 1.8 x 1012N cm-2n 
cm-2s-1 and temperature of 323 K.

After irradiation, samples were cooled tor
several days, and then their gamma-ray spectra 
were measured using 25 cm3 Ge/Li semi-conduc
tor crystal attached to a 4096-channel pulse
height analyser. 

Gamma-ray spectra were analysed, charac
teristic photopeaks identified and quantities of 
!race elements calculated according to the areas
under the photopeaks. Ali necessary corrections
tor geometry, efficiency, decay scheme of the
nuclide etc., were applied. The quantitative con-

teni of elements in measured samples was calcu
lated with activation analysis formula (10). 

Results and discussion - Trace element 
concentrations in the investigated fulvic acids 
were determined by the neutron activation analy
sis. Our results indicate that a number of !race 
elements could be bound to fulvic acids under 
natural conditions of Sava river environment. 
The origin of !race elements in fulvic acids could 
vary, i.e. certain !race elements were already 
constituents of plani and animal tissues from 
which fulvic acids were torrned, or some of the 
!race elements may join these organic com
pounds during metabolic processes of micro-or
ganisms on detritus; finally, the charge of phy
sico-chemical conditions of the aquatic environ
ment could result in certain exchange reactions.
In such a complicated case, stabilites of various
metal complexes or chelates play an important
role. For this reason, determinations of stability
constants of metal complexes with fulvic acids
and with amina acids, sugars or phenols were
investigated under fresh-water conditions (5, 6).
Stability constants tor metal-fulvic acid comple
xes are one or two orders of magnitude higher
Ihan those tor metal-amine acids, sugars or,
phenols complexes. The elementary composition
of fulvic acids isolated from the Sava river sedi
ments are presented in Table 1. The results
indicate the mean values of several independent
sets of experiments. From their elementary com
position one can see that they contain a relatively
high amount of nitrogen. This indicates that not

Table 1 - Elementary composition of fulvic acid molecules. Contents %. 

Element 

Total range 

Mean 

Metals 
determined 

Co 
Fe 
Zn 
Se 
Sr 
Cs 
Eu 
Se 
Sb 
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C H N s O, metals, ash 

40.1-45.7 3.5-5.2 1.7-3.9 0.20.-0.26 45.7-52.9 

41.4 4.0 2.1 0.25 52.25 

Table 2 - Concentrations of metals in tulvic acids 

Mass fractions J.lglg (ppm) 
(total range) 

10.0-13.7 
9,520.0-12,040.0 

42.0-56.0 
1.9-2.8 

560.0-670.0 
2.0-4.0 

0.HH).28
1.4-1.5

50.0-70.0

Mass fractions J.lg/g (ppm) 
(mean) 

11.0 
10,200.0 

50.0 
2.5 

620.0 
3.8 
0.2 

1.42 
59.0 
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only dead Sava river plants, bul some compo
nents of animal origin are responsible tor the 
constitution of the fundamental matrix of fulvic 
acids. Table 2 indicates that the mass fraction 
(concentration) of metals in samples of the Sava 
river fulvic acids obtained from the same geo
graphic microlocality slightly differs. This table 
also shows that the fulvic acid has a proportinally 
high mass fraction of iron, strontium and zine. 
lnterestingly, all of these are essential elements. 
The amounts of !race elements in·the fulvic acids 
may be separated in four groups. The first group 
comprises strontium and iron (560.0-12,040.0 
µ.g/g), the second antimony and zine (42.0-70.0 
µ.Rg/g), the third cobalt, selenium and cesium 
(1.9-13.7 µ.g/g), and the fourth group comprises 
europium and scandium (0.16-0.4 µ.g/g). The 
fulvic acids bind metals and it is believed that an 
important role in such a process is played by 
COOH, -OH, and -CO groups, N(-NH2) and 
S(-SH, -SS-) atoms forming various chelates. 
In general, the functional groaps in the fulvic acid 
molecules determine the reactivity of the mate
rial. 

Most !race metals determined in fulvic acids 
may serve as catalysts in enzymatic reactions of 
microorganisms on fulvic acids. This step is very 
important tor the biocycle of those microelements 
and their interaction with the Sava river food 
chain. Thus, the elements presen! in fulvic :icids 
are likely to enter the Sava river food chain. This 
is an important fact because of nutrients and 
especially tor studying the tate of certain pollu
tants in the Sava river environment. The fact that 
certain pollutants fixed to fulvic acids (6) which 
could strongly influence the growth of micro-orga
nisms, plankton etc. proves the statement that 
fulvic acids and microelements associated in 
their structure are significant in the Sava river 
food chain and in the transport of !race elements 
in the Sava river biocycle. 

Sažetak 

ULOGA FULVIČNIH KISELINA U TRANSPORTU ELE
MENATA U TRAGOVIMA U BIOCIKLUSU RIJEKE 

SAVE 

Fulvične kiseline su izolirane iz sedimenta rijeke 
Save i karakterizirane elementarnom, kvalitativnom i 
kvantitativnom analizam elemenata. Koncentracija me-

Aadiol lugosl 1991: 25:163-5. 

tala u tulvičnim kiselinama je odredena neutronskom 
aktivacijskom analizam. Odredeni su slijedeci elementi 
u tragovima: Co, Fe, Zn, Se, Sr, Cs, Eu, Se i Sb.
Koncentracije variraju od O, 16-12.040,0 µ.g po gramu
uzorka. Koncentracije metala rastu prema slijedecem 
redosljedu: Eu<Sc<Se<Cs<Co<Zn<Sb<Sr<Fe. Di
skutirana je uloga fulvičnih kiselina u ciklusu tragova
elemenata u biociklusu rijeke Save. Ovi podaci navade
na ekološku važnost tragova elemenata koji su vezani
na fulvične kiseline u odredenoj geografskoj regiji.
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SEKCIJA ZA RADIOLOGIJU HRVATSKOG LIJEČNIČKOG ZBORA 
ODJEL ZA RADIOLOGIJU MEDICINSKOG CENTRA VARAŽDIN 

JUBILARNI DESETI ZNANSTVENI SKUP RADIOLOGA HRVATSKE 

Varaždin, 4. - 7. prosinca 1991. godine. 

DRUGA OBAVIJEST 

Teme: 

1. Dijagnostička i intervencijska radiologija probavnog sustava
2. Dijagnostička i intervencijska neuroradiologija
3. Slobodne teme

Prijave predavanja i kratke sažetke poslati do 30. 6. 1991. godi ne na adresu: Medicinski 
centar, odjel za radiologiju, A. Mihinjača bb, 42000 Varaždin. 

Trajanje predavanja do 1 O minuta. 
Osigurana mogučnost paralelne projekcije standardnih dijapozitiva. 
Video projekcije, sistem VHS posebno zatražiti u prijavi rada. 

U glavnoj temi: DIJAGNOSTIČKA ! INTERVENCIJSKA NEURORADIOLOGIJA organizirat če 
se TEČAJ IZ KOMPJUTORIZIRANE TOMOGRAFIJE U NEURORADIOLOGIJI. Tečaj je 
namijenjen liječnicima specijalistima i specijalizantima. 
Cijena tečaja uključena je u kotizaciju. Mole se svi zainteresirani da prijavu označe »za tečaj«. 
Za sve informacije o tečaju obratiti se na adresu prof. dr. Nada Bešenski, Zavod za radiologiju, 
KBC Rebro, Kišpatičeva 12, 41000 Zagreb, tel. 233-725 ili 41000 Zagreb, Zvonimirova br. 75, 
tel. 448-918. 

Kotizacija za učesnike u iznosu dinarske protuvrijednosti 60 DM, a za pratioce 30 DM. 

Up lata kotizacije: Varaždinska banka 34800-620-16, žiro račun 05 0204111-40-02-0466-7 
»ZA SKUP RADIOLOGA« ili pri dolasku na skup.

Za učesnike i pratioce organizirat če se društveni program. 

Stručni dio skupa održava se u prostorijama hotela Turist. 

Svečano otvaranje 4. prosinca u 18 sati. 

Smještaj učesnika osiguran u hotelu Turist. 

Cijene smještaja: 

soba i doručak 

1 /1 soba 45 DM 
1 /2 soba 35 DM 

pansion 

1 /1 soba 53 DM 
1 /2 soba 45 DM 

polupansion 

1/1 soba 48 DM 
1 /2 soba 40 DM 

Rezervacije pismeno na recepciji hotela TURIST, 42000 Varaždin ili telefonom 042/49-144, 
telefax 042/ 49-120. 

Za sve informacije obratite se pismeno na adresu: 

MEDICINSKI CENTAR - ODJEL ZA RADIOLOGIJU, 42000 Varaždin, A. Mihinjača bb, ili na 
telefon 042/103-000, 103-526, (dr Hočurščak ili dr Cigič). 

Obavještavamo autore da svoje pripremljene radove, za vrijeme skupa mogu predati 
Organizacijskom odboru za tiskanje u reviji RADIOLOGIA IUGOSLAVICA. Radovi trebaju 
biti pripremljeni prema instrukcijama revije. 



Book review 

BOOK REVIEW 

lllrd ltalian-Yugoslav Symposium. Low Level 
Radiation: Achievements, Concerns and Fu
ture Aspects. June 11-13, 1990, Plitvice, Yu-

goslavia. 

Edited by Dj. Horvat and P. Stegnar. 312 pp., 
illustrated. Institut »Jožef Stefan«, Ljubljana, 

1991. 

The papers published in this book were pre
sented at the Third Joint Symposium of the 
ltalian and Yugoslav Radiation Protection Asso
ciation, held from June 11-13, 1990 in Plitvice, 
Yugoslavia. 

The publication represent a relevant contribu
tion to the problems of radiation protection in the 
field of low leve! radiation, pointing out the achie
vements, concerns and future aspects. The ma
terial is divided by chapters into six thematic 
units, thus following the form of the syposium 
where it was presented in six sessions according 
to subject matter. 

The 1 st chapter comprises 11 articles on 
b i o l o g i c a l  e f f e c t s  of low leve! radiation so in 
experimental conditions as well as in clinical 
practice. 

In the 2nd chapter 3 reports on e p i  d e m  i o -
1 o g i c a I s t u d i e  s dealing with the catastrophic 
Chernobil accident, uranium mine Žirovski vrh 
and protection against environmental agents are 
presented. 

The 3rd chapter entitled D o  s i  m e t  r y o f 
Lo w Le v e !  E x p o s u r e  is dedicated to diffe
rent, not only theoretical, aspects of dosimetry. 

· The 4th chapter on e n  v i  r o  n m e n  t a  I m e  a 
s u  r e m e n  t s is most extensive. It comprises 17 

Radio! lugosl 1991; 25:167 

articles on methodological problems, which pro
vide very interesting information pertinent to the 
low dosis of environmental radiation on the terri
tory of ltaly and Yugoslavia. 

In the 5th chapter entitled Te  c h n o  I o g i -
c a l l y  m o d i f i e d  e x p o s u r e  to  n a t u r a !  r a 
d i a  t i  o n  the radiation exposure which comes 
from manmade natura! sources and is called 
»technologically enhanced natura! radiation« is
discussed in 8 papers.

S o m e  P r a c t i c a l  A s p e c t s  is the title of 
the last, 6th chapter, comprising different topics 
that could not be clasified into any of the previou
sly mentioned thematic units. The latter fact, 
however, by no means renders these papers 
less interesting. 

This compilation represents one of the few 
professional pubications in the field of radiation 
protection that have been published in our coun
try. Despite the diversity of authors and topics, 
the material is organized in a clear and systema
tic manner. AII chapters are richly illustrated with 
pictures, graphs and tables which are of reasona
bly good quality tor a desk-top edition. 

The book is not intended exclusively tor 
professionals dealing with radiation, e.g. radiop
hysicists, radiobiologists, radiopharmacologists, 
ecologists, radiologists, radiotherapists, epide
miologists, oncologists, geneticists, specialists in 
nuclear medicine, specialists in social medicine 
and others involved with the problems of radia
tion protection; it can be warmly recommended 
to everyone interested in this field of research. lts 
interdisciplinary character renders this publica
tion worth of a broad public attention. 

Viljem Kovač, MD 
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::SANOLABOR 

Izvozno uvozno podjetje 
za promet z medicinskimi instrumenti, aparati, 
opremo za bolnice, laboratorije in lekarne 

LJUBLJANA, Cigaletova 9 
Telefon: (061) 317-355 
Telex: 31-668 sanlab yu 
T elefax: 325-395 

Predstavništvo: 
ZAGREB, Šulekova 12 
Telefon: (041) 233-369 
Telefax: (041) 228-298 

Iz prodajnega programa trgovine na debelo nudimo široko izbiro domačega in uvoženega blaga po 
konkurenčnih cenah in sicer: 

- rentgenske filme in kemikalije proizvajalcev »Fotokemika« , »KODAK«, »3. M - TRIMAX« , »AGFA
GEVAERT« in drugih ter kontrastna sredstva firme »NICHOLAC« ,

- medicinske instrumente, specialno medicinsko in sanitetno blago, potrošno blago za enkratno uporabo,

- medicinske aparate in rezervne dele zanje ter bolniško in drugo opremo,

- tekstilne izdelke, konfekcijo in obutev za potrebe zdravstvenih, proizvodnih in varstvenih organizacij, 

- laboratorijske aparate, opremo, laboratorijsko steklovino, reagente, kemikalije in pribor, 

- aparate, instrumente in potrošno blago za zobozdravstvo.

V prodajalni na Cigaletovi 9 v Ljubljani prodajamo izdelke iz asortimana trgovine na debelo, s posebnim 
poudarkom na blagu za zobozdravstvo, nego bolnikov, ortopedskih pripomočkih in ostalemu blagu za široko 
potrošnjo. 



danes najuspešnejši kinolonski preparat 

Cenin
®

/Ciprobay
® 

ciprofloksacin 

širokospektralni kemoterapevtik 

• hitro baktericidno delovanje na
gram pozitivne in gram negativne
mikroorganizme kakor tudi na problemske
klice

• izrazito delovanje na psevdomonas

• hiter terapevtski uspeh zaradi visoke
učinkovitosti

• dobra prenosljivost

• samo dvakratna dnevna uporaba, kar pomeni
veliko olajšanje v klinični in splošni praksi

• prednost tudi zaradi oralnega zdravljenja
na domu

Kontraindikacije: preobčutljivost za ciprofloksacin; 
otroci in mladi v dobi rasti; nosečnost, dojenje; 
previdnost pri starejših bolnikih in poškodbah osrednjega 
živčevja. 

Bayer-Pharma Jugoslavija 

Ljubljana 



00 

rnrnmu�m 

Medicinski rendgen film 
Područje primene 

• Opšti rendgenski pregledi
• Specijalni pregledi sa automatskim transportom ili s

tehnikom uskladištenje

Svojstva 
• Srednje brzinski i visoko kontrastni film, osetljivosti

prilagodene univerzalnoj upotrebi
• Sjajne slike s visokom sposobnošcu dijagnostičkog opažanja
• Robustna površina filma s niskim koeficijentom trenja.

Naročita podesno za zamene filma i tehniku uskladištenja
• Prikladan za upotrebu sa svim folijama (CaWO4 i retke

zemlje)
• Harmonično plavo obojena Gevar - Polyester podloga,

obostrano obložena

Obrada 
• Podesan za mašinsku i ručnu obradu

1 Z(IJ)IRtH.A\. • §.AUBJ\\<C U suradnji sa

FARMACIJA 

MEDICINSKI SEKTOR 
Goce Delčeva 44 
11070 NOVI BEOGRAD @ Tei: (011) 670-594 

675-482 
673-031 

.AGFA 
Telex: 11094 

Telefax: 675-181 



�::�:'.;::��·::Arno ksi kla V

HO 

amoksicilin 

klavulanska 
kislina 

(amoksicitin + klavulanska kislina) 

Novo odkritje v antibiotičnem zdravljenju - klavulanska kislina, 
kompetitivni ireverzibilni zaviralec beta-laktamaz, razširja spekter 
zanesljivega in široko sprejetega antibiotika amoksicilina.

NH2

Amoksiklav 

■ deluje na po Gramu pozitivne in
negativne aerobne in anaerob
ne bakterije, tudi na za beta
-laktamaze pozitivne (S. aureus,
H. influenzae, E. coli, N. gonor
rhoeae, B. fragilis)

■ uporabimo ga lahko pri vseh
starostnih skupinah

. ,�•����lll1;. 
-�'7:'l'#\°®�t'l'vrHc'r••;•.·.

, :C:-'< '.•_!\ll)dlk,11t;IJ11:'.%'.?:';,/;Bakt�lijs�)i'.i[e�cij�'�9Qmjil!in·spodnjih•.dihalnih poti;jnlekcije sečil, infekcije v gine-
\< -� ·· ··. ·: :\,'-', · .· · :·:·/<-�ol_ogiji,jnf�,��ije.kože in,mehklh tkiv, Infekcije v prebavilih 
· ·,• ... . Kontralndlkacl)e Preobčutljivost za peniciline, infekcijska mononukleoza, limfatična levkemiJa. 

· .,, , �eietitnt učlnkj'i.Str�nski\1činkiscdi1agi, kažejo se v glavnem kot kožne reakcije in prebavne motnje. 
. 

· 
-..-_ Omiliti jih. je,_mogoče, če jemljemo zdravilo s hrano. 

DoŽlran)e In . · Odrasli: pcil do 1 tableta trikrat na dan. 
'uporaba 

· 
Otroci: 20-40:mg/kg telesne _mase na dan, razdeljeno v tri obroke. 
Prf oslabljenem delovanju ledvic moramo zmanjšati odmerek ali zvečati presledek 
med dozami . 

. • .  

@ lek. tovarna farmacevtskih In
. · kemičnih izdelkov, p.o. 

· Ljubljana



EIIIII 
Byk Gulden
Konstanz/SR Nemačka 

RENTGENSKA KONTRASTNA SREDSTVA: 

HEXABRIX 
- kontrastno sredstvo niskog osmoaliteta, smanjene toksičnosti i gotovo bezbolan u primeni.

INDIKACIJE: 
Sva arteriografska ispitivanja, zalim cerebralna angiografija, i flebografija, kao i selektivna koronarografija. 

PAKOVANJA: 

Hexabrix amp. (5 amp. x 10 ml) 
Hexabrix amp. (20 amp. x 20 ml} 
Hexabrix boč. (2 boč. x 50 ml) 
Hexabrix boč. (1 boč. x 100 ml) 
Hexabrix in/. (1 boč. x 200 ml bez pribora za infuziju) 

DIMER X ampule 5 x 5 ml 
- kontrast za lumbosakralnu mielografiju 

TELEBRIX 
- kontrast za urografije, angiografije, periferne i selektivne arteriografije. 

PAKOVANJA: 

Telebrix 300 amp. (20 amp. x 30 ml sa špricom) 
Telebrix 300 amp. (20 amp. x 30 ml bez šprica) 
Telebrix 380 amp. (20 amp. x 30 ml sa špricom) 
Telebrix 380 amp. (20 amp. x 30 ml bez šprica) 
Telebrix 380 za inf. (2 boč. x 50 ml) 
Telebrix 300 za inf. (2 boč. x 50 ml} 
Telebrix 30 za inf. (1 boca x 100 ml) 
Telebrix 45 za in!. (1 boca x 250 ml) 

EIIIII 
Byk Gulden
Predstavništvo: 
Hotel »Slavija lux« A-158 
Beograd, Svetog Save 2 
tel. 434-712 fax. 431-517 @) 

FABEG
lnostrana zastupstva 
Beograd, Kosovska 17/VI 
telefoni: 321-440 i 321-791 



SIEMENS 

Der neue MR-Standard. 
Magnetom SP 
Magnetom 42 SP, das Hoch
leistungs-MR-System tur 
Bildgebung oder 

Magnetom 63 SP, das Hoch
leistungs-MR-System fur 
Bildgebung und Spektro
skopie. 

• Bildrekonstruktion unter 1 
Sekunde 

• lntegrierte 3 D Bildakqui
sition, inklusive aller 3 D 
Bildrekonstruktions
mbglichkeiten 

• Vbllig neuartige, klinisch 
optimierte Benutzerober
flache mit Maus- oder 
Trackba/1-Bedienung.

SiemensAG 

Medica/ Engineering Group 
HenkestraBe 127, 
D-8520 Erlangen 

Banex 

Trg Sportova 11, 
Poštanski fah 48 
YU-41000 Zagreb 
Tel. (041)3 133 3 4  
Jurija Gagarina 216, Blok 61 
YU-11070 Beograd 
Tel.(011) 15 00 65 

Banex-Meditehna 

Novi Skopski Sajam, 
Belasica bb, Rayon 40 
YU-91000 Skopje 
Tel. (091) 2030 73 



INTERNATIONAL CONFERENCE ON BIOLOGY 

AND TREATMENT OF GASTROINTESTINAL 

MALIGNANCIES 

February 4-7, 1992 

Frankfurt/Main, Germany 

ITT Sheraton Airport Hotel 

Organized by 

Klinik und Poliklinik fur Allgemeine Chirurgie derWestfalischen Wilhelms-Universitat 

Munster 

UT MD Anderson Cancer Center/Houston 

National Cancer Center Hospital/Tokyo 



CIS bio international :
FERIMPDRT 

GENERALNI ZASTUPNIK 
ZA SFR JUGOSLAVIJU 

Zagreb - llica 1 Fax 041/425-301 
Tel. br. (041)456-111 Tx 21-366 

products we/1 adapted to the 
techniques of curietherapy 

�,,..., 
� 

CURIETRON 192 HDR is o new 
generation ot computer controlled 
remote afterloader, tor high dose rate 
treatments. An indexer allows to treat 
into 20 different channels. 

AII the movements ot the source 
(370 GBq/l O Ci) are plloted by o built
in programmable controller tor 
different type ot intracavitary, 
intraluminal, intraoperative ... 
treatments with several types ot

dedicaded applicators ot catheters. 

... 

- ti,
IT 

CURIETRON Cs LDR/HDR is on easy-to
use afterloader, controlled by o buil t -in 
programmable controller, essentially 
designed for gynaecological 
brachytherapy. This tour channel unit 
contains up to 4 source-holders and 
ensures their automatic positioning in 
on applicator linked by flexible sleeves. 

Different types ot sealed source-holder 
exist and depend on the method 
carried out - up to 8 CURIETRON Cs 
con be connected in o same 
computer network to follow the 
treatments. 

CIS bio international 

<� 
Subs,o,ary of Compagnie ORIS INDUSTRIE SA 

B.P. 32 · 9119 2 GIF-SUR-YVETTE CEDEX/FRANCE 
Telephone • 33 (1) 69 85 73 90 • Fax 33 (1) 69 85 73 65 • Telex • 603912 



Nova generacija cepiv 

HEPAGERIX B
®

injekcije 

cepivo proti hepatitisu B, izdelano z genetskim 
inženiringom 

• metoda genetskega inženiringa .izključuje prisotnost
človeške krvi

• popolnoma varno in široko preizkušeno cepivo

• visoko učinkovito cepivo, ki varuje pred vsemi znanimi
podvrstami hepatitisa B in pred hepatitisom D

• dosega skoraj 100 % serokonverzijo

• lahko ga dajemo v vseh starostnih obdobjih

• vsi ga dobro prenašajo

Bazično cepljenje opravimo s 3 intramuskularnimi dozami po eni izmed 
shem (O, 1, 6) ali (O, 1, 2): 

a) osebe, ki so izpostavljene manjšemu ali zmernemu tveganju infekcije:
prva doza: dan po izbiri (O)
druga doza: mesec dni po prvi dozi (1)
tretja doza: 6 mesecev po prvi dozi (6)

b) osebe, ki potrebujejo hitro zaščito ali so pogosteje izpostavljene infekciji:
prva doza: dan po izbiri (O)
druga doza: mesec dni po prvi dozi (1)
tretja doza: 2 meseca po prvi dozi (2)

Odrasli in otroci starejši od 10 let: 20 µ,g proteina površinskega antigena v 1 ml 
suspenzije. 

Novorojenčki in otroci do 10 let: 1 O µ,g proteina površinskega antigena v 0,5 ml 
suspenzije. 

Podrobnejše informacije in literaturo dobite pri proizvajalcu. 

��� KRK� 
tovarna zdravil, p. o., Novo mesto 



INSTRUCTIONS TO AUTHORS 

The journal RADIOLOGIA IUGOSLAVICA publi
shes original scientific papers, professional papers, 
review articles, case reports and varia (reviews, 
short communications, professional information 
ect. pertient to radioloqy, nuclear medicine, radiot
herapy, oncology, biophysics, radiobiology, radia
tion protection and allied subjects. 

Submission of manuscript to the Editorial Board 
implies that the paper has not been published or 
submitted tor publication elsewhere; the authors 
are responsible tor ali statements in their papers. 
Accepted articles become the property of the jour
nal and theretore cannot be published elsewhere 
without written permission from the Editorial Board. 

Manuscripts written in English should be 
sent to the Editorial Office, Radiologia lugoslavica. 
Institute of Oncology, Zaloška c. 2, 61 105 Ljublja
na, Yugoslavia. 

Radiologia lugoslavica will consider manuscripts 
prepared according to the Vancouver Agreement 
(N Engl J Med 1991 ; 324 :424-8.; BMJ 1991 
302:6772.) 

Ali articles are subject to editorial review and 
review by two independent referees selected by 
the Editorial Board. Manuscript which do not com
ply with the technical requirements stated here will 
be returned to the authors tor correction before the 
review of the referees. Rejected manuscripts are 
generally returned to authors, however, the journal 
cannot be held responsible tor their loss. The 
Editorial Board reserves the right to require from 
the authors to make appropriate changes in the 
content as well as grammatical and stylistic correc
tions when necessary. The expenses of additional 
editorial work and requests for reprints will be 
charged to the authors. 

General instructions 

Type the manuscript double space on one side 
with a 4 cm margin at the top and left hand sides 
of the sheet. Write the paper in grammatically and 
stylistically correct language. Avoid abbreviations 
unless previously explained. The technical dala 
should conform to the SI system. The manuscript, 
including references may not exceed 8 typewritten 
pages, and the number of figures and tables is 
limited to 4. lf appropriate, organize the text so that 
it includes: lntroduction, Material and Methods, 
Results and Discussion. Exceptionally, the results 
and discussion can be combined in a single sec
tion. Start each section on a new page and number 
these consecutively with Arabic numerals. Authors 
are enconraged to submit their contributions on 
disceites (5 1/411) in standard ASCII format. 

First page 

- complete address of institution tor each author
- a brief and specific title avoiding abbreviations

and colloquialisms 
- family name and initials of ali authors
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