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Color doppler for the evaluation of puncture site complications 

after percutaneous coronary interventions 

Andreja Černe, Igor Kranjec, Mirta Koželj, Jadranka Buturovic Ponikvar 

Depurtment ()l Cordiology, University Mec/ical Cente,; Ljuh(jana, Slovenia 

Femornl access sile co111jilicatio11s ( FASC) qfier jiercuta11eous coro11ary intervenlio11s ( PC!) may be .fir:que11t, 
dif!icu!t to ide11tif\ c111d associoted with sig11ific:C111/ 111orbidi1_1: To refine our ca!heterization technique, we 

jie1:fr1r111ed dujilex co!or .flmv inwgi11g ( DCF!) i11 42 ccmsec:ulive jialients u11de1going diagnoslic c:oronarv 
arteriogrnjih_\' (Gmuji A) or PCI (Grou11 B). /11 a/1 jialients, arterial (6-9F) and venousfe111oral sheaths (8F) 
were inserted h,· the Seldi11ger rechnique .fr1/lmved by the IV  bolus c!f" hejiori11 (3000-10000 U). /11 Gmuji A, 
the sheoths 1vere removed i111media1e/y cifier the jirocedure. In Gmuji B, hejiarin i11fi1sio11 ( 7000 U/hr) was 
swrted a /ier PCI, C111C! the she{(/hs were re111oved the .fr1l/owing 111orning. DCFI was jie1:fi1r111ed the day q/ier 
catheteriz.ation usi11g the 7.5 MHz li11ear jih{(sed-array transduce,: Almormal jihysic:al (groi11 swelli11g, 11ew 
hmil) a11d 1t!trasou11d fi11di11gs ( hematoma, jiseudoaneurys111, AV .fistula) were 1r:corded i11 l l jialie111s 
(26.2 %) {{/le/ 15 ji{(/ie111s /35.7 %), resjiectively. /11 patients with groin swe!ling or 11ew hmils, DCFI revealed 
he111a10111as, jiSeuc/0{(11eur,·s111s, or AV.fis1u/{(s. FASC correlated with age >65 years (ji <0.05), sheath size (ji 

<O.O/ ), (//Id hep{(ri11 dos{(ge (ji <O.O!). In co11clusion, FASC occur c1/ie11 q/ier PCI, CIIU! cw1 be easily 
ide11tified h,- J)CF!. Risk .fc1ctors i11clude adva11ced age, lcuge sheaths, and more aggressive hejiari11 ad111i11is-
1ration. Early derection using DCFI wi/1 111i11i111ize the nwrhidity associated with FASC. 

Key words: angioplasty, transluminai, pcrcutaneous coronary-adverse effects: coronary angiography-adverse 
effects: remoral vcin-ultrasonography. 

Introduction 

Fcmoral access sitc complications (FASC) follow
ing percutancous coronary intervcntions (PCI) add 
morbidity to thc proccdurcs and incrcase cosls by 
prolonging hospital stay. FASC havc becn rcporlcd 
with incrcasing rrequcncy, partly duc to oldcr pa
ticnts with more cxtcnsive pcriphcral vascular dis
ease, as wcll as owing to thc widcsprcad usc of 
anticoagulant/ribrinolytic therapy, and larger size 
vascular sheaths . 1-11 Hematoma is thc most com-
111011 finding and rcprcscnt a simple collcction of 
blood wilh no communication with the punclured 

Correspondence to: Andreja Černe, M.D., Department of 
Cardiology, University Medica! Center. Zaloška 7, 1000 
Ljubljana, Slovenia. 

UDC: 6 !(,.132.2-173.75-06:616.147.3 

vcssel. 12 Pseudoaneurysm results from leakage of
blood into the sort tissues around the femoral ar
tcry, with subsequcnt librous encapsulation and fail
ure of the defect in the vessel wall to heal.11 AV
listula is an abnormal communication between the 
artery and the vein, occurring when a needle tract 
crosscs bolh the artery and the vein and is dilatcd 
during catheterization. 1.j· 

15 White hematoma is al
most always spontaneously resorbed, pseudoaneu
rysm and AY fistula represent potentially unstable 
lesions, which may predispose to more serious se
quelae. They may give origin to emboli; and may 
cause local infection, vascular thrombosis, or pres
sure effects and might rupturc or cause high-output 
cardiac failureY' Severa! previous reports empha
sized the limitations of physical findings, such as 
pulsatile groin mass, enlarging ecchymosis, abnor
mal puncture site pain and a new audible bruit in 
lhe clinical setting of peripheral vascular inju-
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ries. 17· 18 Nowadays, duplex color tlow imaging (DCFI)

is believed to be the leading noninvasive, highly 

specific and sensitive modality for the diagnosis, 

planning of therapy and follow-up 01· polential 

FASC. 1'1-2> It allows for simultancous 2D imaging 01· 

anatomic structures and Doppler study of blood 

tlow, thus eliminating lhe need ror invasive radio

logical procedures. 20-"

In order to retine our currenl cathelerization tech

nique. FASC were prospectively evaluated in our 

group of patients following diagnostic coronary ar

teriography or PCI. The aims 01· this study were 

threefold: 1) to detecl the frequency and nature of 

femoral access site complications in our group or 

patients: 2) to access lhe utilily of clinical signs in 

the diagnosis of vascular complications as verified 

by DCFI findings: 3) lo identify clinical and proce

dura! factors that would predicl the likelihood or 

these complications in our catheterizalion labora

lory. 

Materials ancl methocls 

Ca1he1eri::.a1ion proced11res 

42 conseculive patients undergoing diagnostic coro

nary arteriography (Group A, 22 palienls) or PCI 

with PTCA and slenting (Group B, 20 palienls) al 

lhe Depanmenl or Cardiology, University Medica! 

Center. Ljubljana, wcrc enrolled in thc prospective 

study between October 12, 1995 and February 20, 

1996. Cardiac calheterizations were pcrformed by 

four skilled interventional cardiologists. In ali pa

tients, ancrial (Group A. 6F: Group B, 9F) and 

venous femoral sheaths (8F) were inserted using 

the Judkins approach by lhe double-wall Scldinger 

technique. followed by I V  adminislralion of a he

parin bolus (Group A, 3000 U: Group B. 10000 U). 

In Group A, lhc sheaths were removed immediately 

afler the diagnoslic procedure. In Group B. heparin 

infusion ( 1000 U/hr) was slarted arter PCI and lhe 

sheaths were removed the following morning 4 hrs 

alkr the discontinuation of heparin. The patienls 

were maintained on bed resl for 6 (Group A) or 12 

hrs (Group B) therealkr. 

Clinical derec:lion o{ V({Sc:11/({r co111plic:alions 

Following lhe removal of shealhs each patient was 

examined for evidence of prolonged bleeding, sub

cutaneous ecchymosis, groin swelling, access sile 

pain. vessel thromhosis and new femoral hruil. 

Vascular imaging 

DCFI was routincly performed in ali patients with 

tl--e Acuson computed color Doppler sonography 

system (Acuson 128. Acuson Corporation, Moun

tain View, Canada) cmploying thc 7.5 MHz linear 

phased-array lransducer. The greatest diameter and 

the sile of thc peripheral vascular complications 

werc recorded. An ccho-frcc mass with no comnrn

nication wilh the vascular structurcs was consid

cred to be a hematoma. Pseudoaneurysm was identi

ricd as an cxlravascular hypoechogcnic cavity com

municating with the rcmoral arlery by a sinus tracl. 

displaying "to and fro" signal on pulsed Doppler 

examination (Figure I a). AV listula was character-

Figure la. A longitudinal color and pulscd Doppler image 
of thc pseudoaneurysm (PA) at the ventral aspect of the 
superficial femoral artery (SFA) showing the cavity com
municaling with thc artery by a sinus tract (arrow). and 
charactcristic "to and fro" wavefonn. 

izcd by dcmonslraling a communication hetween 

thc rcmoral anery and vein with a unidirectional 

conlinuous AV shunt reprcsenling typically, high 

diastolic llow in lhe arlerial waveform proximal to 

lhc fislllla and increascd turbulent llow with anerial 

pulsalion in the draining vein (Figure I b). 

Clinical dala 

The recorded basclinc clinical variables included 

palicnt age, gender. heighl, weight, body mass in

dex (BMI), pulsc prcssurc during catheterization, 

risk factors for alherosclerolic disease and thc pres

ence of femoral and aono-iliac artcry discase. Thc 

procedura! pararncters includcd thc type of cath-



Co/or doJ!plerfiJr r//e n·11/11arioll 0(111111c111re sire CillllJ!licariolls afier 11erc11/al/eo11s cori11w1y illtervellliolls 167 

Figure lh. A transverse eolor and pulsed Doppler imagc ol' 
the AV listula between the eommon lemoral artery (CFA) 
and the com1no11 femoral vein (CFV) showing a communi
cating ehannel (arrow). and continuous. unidi�·ectional. tur
bule1u wavel'orm. 

eterization procedure. the size of indwelling vascu

lar sheaths. the number of consecutive ipsilateral 

punctures. and the length of bed rest prior to ambu

lating. Thc amount of heparin administered during 

and alkr the procedure was also documcntcd. 

Statistics 

Numeric continuous data were analyzed as thc mean 
± 1 SD. and categorical parametcrs were expressed 

as proportions. DilTerences in the distribution of 

selccted characteristics hetween patients with DCFI

detected vascular complications and those without 

them werc examincd by the two-tailed Student t-test 

and the Chi-square test for continuous and categori
cal variables, respectively. Univariate logistic re

gression was then performed to identify indiviclual 

factors predicting the likelihood of vascular com

plications. Statistical significance was defined as a 

p value <0.05. Ali analyses were performed with 

the SPSS release 6.0 statistical package. 

Rcsults 

Diagnosis 

In 42 consecutive patients undergoing cliagnostic 

coronary arteriography or PCI no major FASC such 

as severe groin/abdominal hemorrhage. access site 

infection, sepsis or limb loss were observed. Abnor

rnal physical ancl ultrasound findings were observecl 

in 11 (26.2 %) and 15 (35.7 %) patients. respec

tively (Table I a). In 1 1 patients clinically suspectecl 

of having FASC, 7 hernatomas. 1 pseudoaneurysm, 

rn1d 3 AY fistulas were conlirmecl by DCFI. 4 

(9.5 %) adclitional patients with no local signs of 

FASC were found to have a significant vascular 

pathology on routine DCFI examination. One from 

8 hematomas ( 12.5 % ). 2 from 3 pseucloaneurysms 

(66.6 %), and I of 4 AY l1stulas (25.0 %) woulcl be 

missed solely on clinical grounds. 

Clinical assess111e111 

Physical findings at the access site in 15 patients 

with the DCFl-conlirmed FASC are cletailecl in Ta

ble I b. In patients with large groin swelling meas

uting '2.7 cm, DFCI revealed 4 hematomas, bul 1 

pseudoaneurysm and I AY fistula. Though femoral 

Tahlc I a. Clinical and DFCI lindings in patients l'ollowing diagnostic eoronary artcriography (Group A) and PCI (Group B). 

Paticnts Swelling 2 7 c111 New bruit Hematoma Pseudoaneurysm AV fistula 
Group A (n = 22) 4 patients ( 18.2 'lo) 2 patients (9.1 %,) 4 patients (20.0 %,) 1 patient (4.5 %,) 1 patient (4.5 %) 
Group B (n 20) 2 patients ( 1 O.O 'k) :l patients (15.0 %) 4 patients (18.2 %) 2 patients (10.0 'lo) 3 patients (15.0 %) 
Tota! (n = 42) 6 patients ( 14 '!o) 5 paticnts ( 12 %) 8 patients (19.0 %,) :i patients (7.1 %) 4 patients (9.5 %,) 

Tahlc lh. Physical findings at the access site in 15 paticnts with DCFl-eonfirmed diagnosis or femoral artery injury following 
diagnostic coronary arteriography or PCI. 

Patients (n=l 5) Hematoma Pseudoaneurysrn AV fistula 
Ecchyrnosis 6/8 patients 1/3 patient 0/4 patient 
Groin swelling 4/8 patients 1/3 patient 1/4 patient 
Pulsation 0/8 patient 1/3 patient 0/4 patient 
Tendcrness 8/8 patients :l/3 patients 4/4 patients 
New bruit 1/8 patients _ 1/3 patient 3/4 patients 
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arterial pulsations were transmitted from the femo

ral artery in ali patients. a more marketi pulsation 

that extended over the femoral artery boundaries 

was observed in only I patient with pseudoaneu

rysm. New bruits were detected in both patients 

with pseudoaneurysm (33.3 o/,) and AY fistula 

(35.0 %). but they were also recorded in 1 (12.5 %) 

patient with hematoma. The bruit associated with a 

pseudoaneurysm was systolic in nature; on the other 

hand. the bruits present in patients with AY fistula 

were described as continuous in 2 patients, and as 

"long-systolic" in I patient. Subcutaneous ecchy

mosis was associated with hematoma in 6, and with 

pseudoaneurysm in I patient. Miki to moderate ten

derness at the local puncture site was present in ali 

patients. 

DCF! characteristics 

A total or 15 FASC included 8 hematomas (53.3 %), 

3 pseudoaneurysms (20.0 %) ,md 4 AY fistulas 

(26.6 %). Most 01· hematomas were graded as small 

and measured 2.6 ± 0.6 cm in diameter. Pseudoan

eurysms had an average dimension of 2.5 ± 0.5 cm 

and were located within I cm from the involved 

arterial segment. 2 pseudoaneurysms occurred at 

the ventral aspect of the superficial femoral artery, 

and one at the dorsal aspect of the common femoral 

artery in close proximity to its bifurcation. AY lis

tulas were located in superficial femoral artery in 3 

cases. and in the common femoral artery in I case. 

They were considered to be hemodinamicaly unim

portant. since no signs of venous hypertension or 

proximal arterial dilatation were observed during 

DCFI examination. 

Risk factm:\' 

FASC were more likely to result from PCI as com

pared to diagnostic coronary angiography (45.0 % 

versus 27.2 %, p < 0.05). A comparison of baseline 

and procedura! variables between patients with DCFl

confirmed vascular complications and patients with

out complications are shown in Table 2. The studied 

groups did not dilTer as concerns sex, obesity. un

derlying predisposing risk factors and distribution 

of aorto-iliac artery disease. In bolh groups, blood 

coagulation tests before catheterization were within 

normal range. Pre-treatment with aspirin or 

dipyridamol did not influence the risk of FASC in 

this study. Among ali patients. the strongest predic

tors of FASC were advanced age (p < 0.05), the use 

of large-size indwelling sheaths (p < 0.01) and 

higher dosage of heparin (p < O.O 1 ). Univariate 

logistic regression was used to identify the clinical 

and procedura! factors predicting the likelihood of 

FASC (Table 3). A dose-dependent regimen of 

heparin administration remained a statistically sig

nificant risk factor in ali entities. White advanced 

age significantly contribute to hematoma forma

tion, the use of large-size sheaths predicted the 

likelihood of AY fistula formation. 

Management 

Ali peripheral vascular lesions were managed non

operatively. Transfusion 01· 3 U 01· blood was ad-

Table 2. DFCI confinned FASC as a l'unction of clinical and procedura! characteristics in patients undergoing diagnostic 
eoronary arteriography or PCI. 

Characterist ic Complications Controls p 
(11 = 15) (n =27) 

Age (years) 65.4±10.0 56.2±11.6 0.013 
Age > 65 years 40.0 %, 25.9 % 0.029 
Male gender 66.6 % 59.2 'Yo NS 

BMI (kg/ m') 26.5 ±2.8 25.9 ±4.3 NS 

Obesity (BMI >25 kg/m2) 40.0%, 37.0 %, NS 

Hypertension 66.6 'if, 62.9 % NS 

Pulse pressure (mm Hg) 65.4 ±19.9 65.2 ±19.9 NS 

Diabetes mellitus 3.3 % 7.4% NS 
Hypercholesterole1nia 53.3 % 48.1 % NS 
Current smoking 33.3 % 59.2 % NS 
Peripheral vascular disease 26.6% 25.9 % NS 

Aspirin or dipyridamole before catheterization 80.0 % 85.1 % NS 

Heparin during catheterization ( 10.000 U vs 3.000 U) 73.3 % 29.6 % 0.006 
Continuous heparin overnight ( 1000 U/h) 73.3 % 29.6 % 0.006 
Sheath dimension (9 F vs 6 F) 66.6 % 33.3 % 0.005 
Consecutive J1t11nber of ipsilateral arterial puncture 2.1±1.8 1.8 ±1.2 NS 
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ministered to only I patient with moderate hemor
rhage into the retropcritoncal spacc. Most hcmato- · 
mas resorbed within a fcw days or weeks. depcnd
ing on their sizc. One pseudoancurysm showed 
spontaneous rcsolution as documented by the fol
low-up DCFI. Two stable pseudoaneurysms were 
successfully treated by DCFI-guided external com
pression. Ali AV ristulas appearcd hemodinamicaly 
unimportant and were followed-up closely by DCFI. 

Discussion 

The reported incidence of FASC after diagnostic 
coronary artcriography varies widely, from less than 
1 % to as much as 20 %.1-1· 7-11' When PCI are in
cluded the l!gure is higher (6.1-24 %). possibly ow
ing to thc introduction of new devices. increased 
anticoagulation and largcr sheath size."-''· 11 Further
more, owing to the dilTerence in delinition there is a 

wide discrepancy in the rcported incidence of FASC. 
in particular those or hematoma (0.6-12.3 %) and 
bleeding (0.1-20.0 %).'- •-<>. ' Our 26.2 % incidencc 
or FASC dctected clinically ranks among the high
est reported ratcs. It was mostly contributed to small 
stable hcmatomas, that would hc cxcluded in other 
studies. The incidencc or pseudoaneurysms (2.3 % 
clinical detection: 7.1 % DCFI) compares favorahly 
with previously reported (0.5-5.2 clinical detection: 
5.8-9.0 %· DCFl).12· '1 Our incidence or AV ristulas
(7.1 % clinical detection: 9.5 % DCFI) was higher 
as compared to other studies (0.05-0.1 r1r, clinical 
detection. 0.3-5.2 % DCFI )'"· "· 2' and may be re
lated to our common practice to perrorm the dou
blc-wall Seldinger technique and routine ipsilatcral 
arterial and vcnous cathetcrization. However, in con
trast to other reporls, no 1rntjor FASC. such as se
vere hemorrhage. access sile infeclion. sepsis. limb 
loss or even death were observed in our study. 

Our current methods for the detection of FASC 
included a routine clinical and DCFI cxamination. 
Clinically. FASC were suspectcd in 11 patients, bul 
DCFl-conlirmed in 15 patients. Four patients (9.5 %) 
with signiricant vascular pathology would be missed 

on clinical grounds alone. Accordingly, we believed 
that clinical examination alone is not sufficient in 
order to detecl ali FASC. Although severa! physical 
signs have been used to detect FASC, clinical ex
amination alone may not reliably distinguish be
lween dilTerent entities. The rale of diagnostic ac
curacy or any single physical sign detected in our 
study was low. In patienls with groin swclling, DCFI 
revealed hematomas. as well as pseudoaneurysms 
rnid AV rislulas. Although pulsatility of the mass 
appeared to be suggestive 01· pseudoaneurysm, it 

was present in only one case. As expected, new 
bruits suggested both pseudoaneurysm and in AV 
listula, bul simple hematoma did also cause a bruit 
due to extrinsic compression of the neighboring 
artery. Furthermore, a quality or bruit did not reli
able identify its etiology. 

The early recognition and prompl treatment or 
unstablc vascular lesions are neccssary to prevent 
further morbidity. "'· 2" Apart from progressive ex
pansion and pain no objective criteria exist that 
would prospectively identify those pseudoaneury
sms that will ruplure and those that will spontane
ously thrombose.22· 21 In the present study, two sta
ble pseudoaneurysms were successfully treated by 
DCFl-guided manual compression. Thus, we obvi
ated the need for surgical interventions, and pre
vented spontaneous rupture in those patients fol
lowed conservatively. 

The incidence of FASC was signilicantly higher 
after PCI than al'ter diagnostic coronary arteriogra
phy as conrirmed previously."· ,,-., FASC were most 
closely associated with the use of large-diameter 
sheaths and higher amount of heparin administra
tion. Signilicanlly higher complication rale observ
ed in patients or advanced age may be due to a 
somewhal delaycd process or healing, and seems to 
implicale a rigidity and poor retractability of under
lying vessels. 

Conclusion and Jiaure 0111/ook 

FASC occur rrequently arter PCI and can be easily 
identilied by DCFI. Diagnosis based on clinical 
examination alone is rather inaccurate. An exact 

Table 3. Univarialc logislic rcgrcssion for lhc identilication of individual clinical and procedura! liictors predicting the 
likelihood or hematoma. pseudoaneurysm and AV listula. 

Characteristic Hematoma Pscudoaneurysm AV fistula 

Advanced age pd).03 NS NS 
Periproccdural rcgi1ne11 of hcparin p <0.05 p <0.04 p <0.02 

Sheath dimension NS NS p«l.04 
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diagnosis facilitates the choice of treatment and 

prevents further morbidity. Based on our initial ex

perience, DCFI-guided compression seems to be a 

useful alternative to surgical closure of pseudoan

eurysm. Risk factors, identilied in our study in

etude advanced age, large sheaths, and large amount 

of heparin administration. Monitoring of adjunctive 

anticoagulant thernpy, and careful patients selec

tion may reduce the morbidity and increase the 

safety of thcse procedures. It seems advisable to 

use a single-wall puncturc technique, to avoid rou

tinc venous puncturc, and to altcrnatc the access 

site with repeat catheterization. As indicatcd by our 

study, meticulous attention to catheterization de

tails will minimizc complications rclated to the ac

cess, while early detection and managcmenl will 

reduce thc morbidity associated to complications. 
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Routine versus selective intraoperative cholangiography during 

open cholecystectomy? 

Nino Šikic', Gordana Pavan2, Ana Baškot2, Zvonimir Tutek', Ante Polovic2 

1 Deportment o{ Cenen:1/ CIII(/ Orthopaeclic Surgery, 2 Depart111ent o{ Radiolog_\' Diagnostics.

Cenem/ Hospitol Korlovcrc, Cmatia 

In tire losi 20 wors, 3653 /Jotients .rnffc'ring .fiwn hi!iC1n' cC1iculous diseose lwve heen operated on in tire 
KC1r!ow1c County Grneml Hospiwl, 5 l I ( 14 cii,) of tlre111 \Vilh co1111110n hile duet e.rploration (CEDE). A lota/ 
of 436 se/eclive !111raoperalive Cholangiographies 11·as perfor111ed W/CI, 011 ihe hC1sis of lire ohtained resulis, 

CBDE was JJer/inmed in 271 /53 'Yr,) coses. !111mopera1ive cholc111giogmph,· (IOC) \vos indicated lmt 1101 
pe1.Jim11ed in 7 l ( 14 '½,) coses hecause of 111edicol, teclr11icC1! and other reasons, nwinly suhjeclive. In 47 
/9 %) porienls CBDE \!'c1s per/imned witlwut previous !OC hecause of clear clinirnl .findings in l 12 /24 %) 
cose.1·, C8[)E 11·as perfrm11ed on the hasis of the surgeons ·.1· dinicol estimation, \Vithour lOC. Preoperarive 
ond inliwJf)erative criteria \!'l'/'e used. The f)reoperalive crileria ( CR !) i11c/11ded ohstructive jaundice, hi!iC1rr 
f)W1cea1ritis and cholangitis in H'Cl'lll lris101T as we/1 as posilive .findings of i111rave11011s hiligraplry ( !VB) or

ultrasonic 10111ogmplry ( UST). Tire intraopemtive crireria i11c/11ded w1 enlarged CBD, a \Vide cvstic duel or
rlre presence oj' snw/1 1111i/1iple strme.1· in rlre gall/Jladde1: Positive !OC .findings occured in 287 (63,5 %) and
negative in 141 /33 %) rnses. Tire .findings in eiglrr cases were in.rnfficienl JiJr ana/_ysis. Fa/se positive !OC

.findings ocrnred in 24 (5,2 %) and.fcilse negative !OC.findings in 22 (5 %) cases of'a/1436 !OC's. By using
selec1ive lOC we rC'Corded 69 ( 1.7 '½,) missed stones mul 63 ( 13 %) negalive, 11nnC'Cessorr CBDE's. 011/y one
co111plicatio11 in rlre .fimn r!( o CJJD frsion \\'as rC'Corded. /11 avemge, !OC e.rlended opemtive time jrJr aho11/
30 111i1111/es and increosed lire Of)emtii·e cos/ Jr!r 62 %.

Ke\' \Vfm/s: cholecysteelomy: intrnoperntivc period: intrnoperativc cholangiogrnphy. rctained stoncs. negative 

cornrnon bile duet exploration. cryteria 

Introduction 

In 1932. Miriai puhlished his first expcricnces or 

intraoperative cholangiography (IOC) used ror de

tecting unsuspected co111111011 bile duel (CBD) slo

nes. This method was widely acccpted a few de

cades later. Thc purposc or IOC was to detect as 

many unsuspected CBD stones as possible. and to 

reduce the percentagc or unnecessary common bile 

duet exploration (CBDE). 

Corrcspondcncc to: Dr Nino Šikic. Dcpart1nent of General 
and Orthopaedic Surgery. General Hospital. 47000 Karlo
vac. A. Šta1npara 3. Croatia 

UDC: 616.366-003.217.7-089.87:616.36 l-073.75 

The method decreased unnecessary morbidity and 

rnortality due to CBDE and reoperations.1.2 In the

1960s, the method was accepled by a great nurnber 

or surgeons. The increased cosl of the procedure. 

extended operative tirne. increased danger or possi

hle intraoperative infections. unnecessary exposure 

to x-rny radiation as well as thc nced for additional. 

expensive x-ray equipment were its disadvantages. 

Because or the above mentioned reasons, a group or 

surgeons preferred a selective use of IOC. 

They reported almost identical results to those 

obtained by routine IOC.2·'• The selective use or

IOC reduces the total cost or the procedure as well 

as the ahove mentioned cornplications and prob

lcms. IOC detecls other changes in the CBD as well 
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as in the papilla V,1teri. We use pre-operative and 

intraoperativc critcria. Laparoscopic cholecystec

tomy trics lo maintain ali succcssfull intraoperative 

diagnostic methods confirmed in open cholecystec

tomy, including IOC. The most recent papers dis

cuss the use of selective IOC during laparos-copic 

cholecystectomy. 7-'1

Material mul methods 

From I 974 to I 994. 3653 patients with calculous 

biliary disease underwent open cholecystectomy. 

During lhe procedure. 5 I I patients underwent CBDE. 

Patients with malignant diseases of the biliary tract 

with or without stones were excluded. IOC was 

performed in 436 patients on the basis or the preope

rative or intraoperative criteria. The mean age of 

the paticnts was 56 ( 18-84). There were 3 I % male 

and 69 % female patients. 

The preoperative criteria were determined as fol

Iows: 

l. Fi!!ing defecls mul ul!rctsonic echo in the CBD

were considered as: positive findings as well as a 

wide CBD with an interna! diameter larger than 

10 mm. 

2. A wide C/3D wilh the contrast slowly emptying

into the duodenum during IV/3 was considered a 

positive criteria. too. 

3 . .laundice in recenl hislory-bilirubin (Bil) > 50 

umol/L. alkaline phosphatase (AP) > 100 u/L three 

months prior to the procedure. 

4. Pancrealitis in hislon-data related to biliary

pancreatit is a year prior to the operation. 

5. Cholangitis-biliary colics. rcver and transitory

jaundice six months prior to the operation. 

The intraoperative criteria eslablished on lhe ba

sis of thc intraopcrative findings wcre as l'ollows: 

1. Enlarged C/3D with an extcrnal diameter largcr

lhan 12 111111. Thc sizc or thc CBD was dctcrmincd 

by means of a 12-111111 olive Bakes probe: 

2 Enlarged cyslic duel (CD) wilh an external 

diamcter larger tlrnn 4 mm: 

3. Presence ri( snw/1 slones in 1he ga/lhladder:

Small multiple stones were detected either by pal

pating thc emptied gallbladder (needle bile aspira

tion) or by examining the content of the extracted 

gallbladder. 

In addition to lhe above mentioned criteria, CBDE 

with no previous IOC was performed in patients 

with lhe following: 

1. Pa/pable s/ones in CBD:

2. Presence r!{ progressive ohslmctive iclerus at

the time 01· the operation (Bil > I 00 umol/L. AP > 

150 u/L): 
3. En/(IJ�r;ed CBD with an external diameter larger

than 15 mm. 

In some cases IOC was not performed despite the 

positive criteria. Technical and medica! clisadvan

tages were the main reasons, as well as the fact that, 

at the beginning, some surgeons in the Hospital 

refused to accept the procedure. IOC was performecl 

through a square incision on the laterni side of the 

cystic duet. A polyethylenc venous 4-6 F gauge 

catheter or a metal Storz cannula was inserted. Dur

ing the examination ali unnecessary metal instru

ments were removed from the operating ficki. A 

mobile »SIEMENS« C-arm image amplifier was 

covered with a special sterile cover. Before the con

trast injection the bile tree was llushed with 

20-40 ml 01· warm Normal Saline.

Possible air bubbles were aspirnted. The contrast,

Telebrix. Biligraphin. Biliscopin. Omnipaque. Ron

pacon was diluted to 30 % dilute solution, so that 

the contrasl would not obscure possibble small ,to

nes. Diascopy was perrormed with I O ml or the 

contrast and the contrast llow was followecl through 

the papilla Vateri. Two films 24 x 30 cm size and 

additional 20 ml contrast medium was used. While 

the lil ms were being developed we completed chole

cyslectomy to shortcn operative tirne. After the ex

amination. the complete stcrile operative kit was 

replaced. The duration 01· the examination was re

corded on an anaesthesiological sheet. The addi

tional costs were calculated on the basis of the cost 

or x-ray rilms, contrast medium. syringes. catheters 

and additional stcrile material. The cost or anaes

thcsia and the medica! radiology team's fee were 

takcn into account while the cost or operating thea

tre and thc surgical leam's fees were not deter

mined and. therefore. were left out. 

Results 

Of 3653 patients undergoing cholecystectomy, 

436 ( 12 %) underwent selective IOC. Of 5 I I  CBDEs 

performed, 271 (53 %) were performecl on the basis 

of positive selective IOC findings. 

The number and percentage of the positive and 

negative IOC findings and the distribution of the 

false negative and false positive finding are given in 

Figure 1. In performing selective lOCs we were 

guided by preoperative and intra operative criteria. 
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Figure l. Relations bctwccn positivc and negative IOC find
ings. False negative and false positive rindings is presenl 
too. Eight ( 1.8 '7,-,) insuniticnt IOCs was insuflitient for usc. 

More than 60 % of the patients fulfilled more 
than one criterion. In Table I we emphasized only 
one criterion, the one that had bccn recorded in the 
files first. In 22 patients the first criterion was not 
clcarly indicated and in 9 patients IOC was per
formed on the basis or unknown preoperative crite
Iia. The most common combination not given in 

Table I was a widc CBD accompanied by jaundice 
and/or pancreatitis in history. A positive IVB or 
UST finding was the most common preoperative 
critcrion used in 37 % ( 129/350). Over one third of 
the positive CBDE results was due to pancreatitis. 
The most common combination of the intraopera
tive criteria was a wide CD with small stones in the 
gallbladder. Ncverthelcss, the most common intra
operative criterion was a wide CBD - 74 % (58/78). 

As the paper shows, IOC should have been per
forrned in 71 ( 14%) cases, but. because of the 
reasons mcntioned earlier, it was not performed. 
Thc results in this group were very bad as shown in 
Table 2. 

Thc procedure cxtended operative tirne for ap
proxirnately 30 minutes. In cases with a preopera
tive indication, operative tirne was extended for a 
little more than 20 minutes and in the cases with an 
intraopcrative indication, it was extended for more 
than 45 minutes. 

The IOC cost can not be shown in figures in our 
circurnstances, bul we have cstirnated that the cost 
of cholccystectomy with IOC is 62 % more expen-

Table l. Preoperative and intraopcrativc eritcria distribution and rcsults or IOC Criteria for IOC. 

CRITERIA PO R IOC IOC IOC pos (%) IOC neg(%) CBDE CBDE 
pos ('7o) neg(%) 

Preoperativc (CR !) 350 227 (65 %) 123 (35 %) 208 (92 %) 19 (8%) 
Positivc IVB* 55 34 (62 %) 21 (28 %) 31 (91 %) 3 (9%) 
Positive UST* 42 23 (55 %) 19 (45 %) 21 (91 %) 2 (9%) 
Positive IVB or UST' 32 26 (81 %,) 6 (19 %) 24 (92 %) 2 (8%) 
Jaundiee 82 63 (77 %,) 19 (23 %) 59 (94 %) 4(6%,) 
Pancreatitis 85 43 (51 %) 42 (49 %) 40 (93 %) 3 (Ylo) 

Cholangitis 23 17 (74%) 6 (26 %,) 16 (94%) 1 (6'½,) 
Miseellaneous 22 17 (77 %) 5 (23 %) 13 (76 %) 4(24%) 
Unknown 9 4(44%) 5 (56 %) 4(100%) o 

lntraopcrative (CR II) 78 60 (77 %) 18 (23 '!,-,) 56 (93 %) 4(7%) 
Wide CBD > 12 rn111 58 47 (81 %) I I  (19 %) 44 (94 %) 3 (6%) 
Widc CD > 4 111111 9 7 (78 %) 2 (22 %) 6 (86 %) 1 (14%) 
S mali stones in I I  6 (55 %) 5 (45 %) 6 (100%) o 

Tota!*''' 428 287 (67 %) 141 (33 %) 264 (92 %,) 23 (8%,) 

IOC - intraoperative eholangyography, CBDE - eo111rnon bile duet exploration ( eholcdoehoto111y). IVB intravenous 
biligraphy. UST ultrasonie to111ography, CBD - common bile duet. CD - eystie duet. 
* In prcoperative ealculous biliary dcseasc diagnosties we used IVB til! 1984, frorn 1984 to 1989, the combination ofIVB and 
UST and sinec 1989 wc have been using UST in most eases. 
** Thc quality or 8 IOC's was not suitahlc ror analyscs.

Table 2. Retaincd stoncs and negative CBDE dala. 

Crit 1 Crit II IOC was not CBDE Simple Tota! 
ncecssary without IOC choleeysteetom 

Cholccystcc101ny 350 78 47 71 3106 3653 
Retaincd slones 29 (8 %) 4(5 %) 2 (4 %) 21 (30 %) 13 (0,4 %,) 69 
Negative CBDE 19 (5 'lr,) 4(5 '!,-,) 3 (6 %) 29 (40 %) 8 (0,25 %) 63 

48 (13 %) 8 (10%) 5 (10%) 50(70%) 21 (0.65 %) 132 
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Figure 2a. Prcpapillary slone detccted by IOC. CBDE was 
perfonncd. thc slone was cxtracted and T - tube inserted. 

sive than simple cholecystectomy using the points 
and their value given in the so called »Blue Book«. 

Discussion 

IOC reduces thc number 01· retained stones as 

well as the percentage of unnecessary CBDEs. Se

lective IOC has proved its value in conventional 

cholecystectomy. Recently, its use has been taken 

into consideration in laparoscopic cholecystec

tomy.'· '1 CBDE increases morbidity and mortality 

rate three of four times when compared with simple 

cholecystectomy_Hi-20 Stirnemann 14 reports that morta

lity in biliary reoperations is 8.8 % and in CBDE 

with cholecystectomy only 2,8 %. Lennert15 reports

two deaths in negative CBDE, and Sheridan et al 11

noted 39,3 % complications in the patients who had 

had negative, unnecessary CBDEs, including two 

deaths, too. 

On the basis of the data given in Table 3 we can 

seen that an attempt to avoid retained stones can 

Figure 2h, Papillary stenosis with suprastenotic dilatalion 
of the complete biliary tree. Latero-lateral choledochoduo
denostomy was performed. 

lead to an increased percentage of negative CBDE. 

In their comparaliive reports, Clavien and Strass

berg 17 using routine IOC report an irrelevant per

centage (0,2 %) of retained stones or no stones at 

ali, but their reported negative CBDEs were 27 % 

and 39 % respectively. Sheridan et al 11 reported 2 %

retained stones and 22,3 % negative CBDEs respec

tively. Morgenstern and Berci1'' conclude that 1 % of

retained stones at routine IOC is an optimal per

centage. On the other hand, Gerber and Apt21 showed

500 consecutive cholecystectomies without any 

IOC. They recorded only one retained stone. There

fore, our results or 1.7 % 01· retained stones and 

13 % of negative CBDE coukl be considered satis

factory. We have been using the IOC criteria l'or a 

long time of which we reported earlier.22 Gregg3 

divided the indications of common duet stones into 

three groups: 111ini111al - 4 % of positive findings, 

moderate - 21 positive lindings and ma.rimal - 91 

of positive findings. He has concluded that IOC 

should be performed in only 7-8 % of patients. 

Wilson et al5 divide cholecystectomies into two
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Table 3. Rclercnccs of reportcd cases in avaliable literature. 

Rcfer Author Counlry Year 

14 Strinemann Swiss 1984 

16 Monrenstern USA 1992 

& BČrci 
17 Clavien Swiss 1992 

17 Strassbcrg Canada 1992 

19 Dcn Besten lntcrnational 1986 

& Berci 
20 Moreaux France 1994 

2 Shivcly USA 1990 

5 Wilson Austral 1986 

11 Shcridan United 1987 

Kingdom 
Grcgg USA 1986 

Presen! Croatia 1994 

Rcport 

groups: ,, Wo11/d e.rplore« and » Wo11/d 1101 explore«. 

Thcrc wcrc 49 %, ot' positivc tindings in thc rirst 
group and only 4 % of misscd stoncs in thc sccond 
group. Pacc ct al', dividc thc IOC critcria into CR+

and CR-. Thcy had 95.7 °1,, of normal fin dings in 
the CR- group and 71 % of positivc findings in thc 
CR+ group. In this way, thcy avoided unnecessary 

CBDE in 55 % or patients. The greatest percentage 

of positive tindings (63 %) occured in the group 

with an elevated serum Bilirubin leve! as the crite
rion, while in the group where Lhe criterion was 
preoperative cholangitis there were even 82 % of 
IOC findings. Our results show that preoperative 
jaundice gave 77 % 01· positive IOC findings while 

preoperative pancreatitis gave positive results in 

only one third of patients and this coresponds with 

other reporls. The most common preoperative crite
ria are preoperative positive IYB or UST tindings.2)· '4

In addition to the presence of CBD stones we 
take into account thc interna! diametcr or CBD too. 
In our rcport a wide CBD was criterion in 73 % ot' 

cases and filling defccts in 70 % of IOCs and in 

56 % of CBDEs positive Although dilTerent au

thors consider an 8-15 111111 CBD enlarged, we take 
a I O 111111 interna! diamclcr as a positive preopera

tive criterion, while a 12 111111 external diameter is 

taken as a positive intraoperative criterion. Intra
operative criteria were deter111ined only in 20 % of 

cases. Fourty-seven (9 %) paticnts underwent CBD 

without previous IOC. Twenty-eighl (8.5 %) patients 
had palpable stones in thc CBD. Gregg) palpatcd 

only 7 ( 13.7 % ) stones in 51 patients with CBD 

stones. Stirne111ann 1
·
1 reporls that slones can be pal

pated only in the rniddle third of the CBD, the 

palpation ccrtainty bcing only 1 O %. Our reporl shows 

Choleciscc- IOC% Residual Negative 
tomy No. stones % CBDF% 

346 100 1.2 18,6 

1200 95 0.8 

602 91 0,2 26.8 

650 89 o 39,3 

1072 83 4.5 18,5 

5000 83 1.56 0,5 

579 81 2 l.5 
272 51 0.36 18 

1962 10 1.9 14 

1035 1.9 2,5 16,5 

3653 12 1.7 13,3 

that in thc group or 71 patients where IOC was 

clinically indicated bul not performcd, 21 (30 %) 

rctained stones and 29 (49 %) negative CBDEs were 

recordcd. DilTerent authors rcport diffcrent cxtcn

sions of opcrative tirne. Thompson and Bcnnion 

report a 7-minute extension of operative tirne, Gregg 

a 23-minute. Shively a 1 O-minute and Paulino-Netto 

a 27-minute extension of operative time.n· 15· 1'' 

Our results show an average extension of opera

tivc tirne of 30 rninutcs. Thc majority of thc authors 

take the agc of patients as a positivc criterion but 

wc havc not noticed any incidence of CBD stones 

related to the paticnts' age. The cost of thc proce

dure varics from USD 125 to USD 400 in different 

aulhors. Taylor17 states that routine IOC in ali 

cholecystectomies carried out in 1987 would have 

cost additional 90 million dollars. According to 

Skilling,'" the cost of one detected unsuspected CBD 

stonc is USD 6,612. According lo Gregg/ 200 cho

langiograms and 12 CBDEs have to be carricd out 

to prcvent one recurrent slone, at a cost of at lcast 

USD 80,000. Pace'' reports thal 2135 routine IOCs 

must be pcrformed to detect one unsuspected CBD 

slone. Our investigation has shown that each !OC 

incrcascs the cost of sirnple cholccystectorny for 

62 %. 11· we compare our results with those given in 

literature we can concludc thal we have chosen 

good criteria for selective IOC. It is a method of 

choice 01· intraoperative diagnostics in classical open 

as well as in laparoscopic cholecystectorny. ll de

creases the totnl cost or thc procedure giving good 

results in dctecting CBD stones during cholecystec

tomy. In this way, unncessary CBDEs, which in

crcase morbidity and mortality rate, are avoidcd. 
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Eff ects of verapamil on cardiac uptake of radiolabeled doxorubicin 

and iodo-doxorubicin in rabbits 

Winfried Brenner, 1 Heike Wolf, 1 Karl H. Bohuslavizki,1 Karen Erdmann, 1 Markus 

Konig, 1 Catherina Stauch, 1 Malte Clausen,2 Eberhard Henze 1 
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Since vernpa111il has been shown to increase cellu/C1r concentrations of anthracyclines in resistant tumor 
cel/s, this swdy was designed to investigate the e.Uect of verapamil on myocardial accu111ulation of radiolabeled 

doxombicin ( DOX) and iodo-doxorubicin ( JDOX) in rabbits, wul to esti111ate the risk C!f increasing anthra

cycline-related cardiotoxicity, After intravenous administration of either l-123 DOX or 1-123 IDOX alone, 

C111d in co111bi11C1tion with a single dose �f 0.3 mg or 3 mg verapamil/kg body weight scintigraphic imaging was 

pe1:fonned up to 100 min p.i. wul cardiac uptake �f the radiolabeled anthracyclines was calculated by ROl

technique in percent c!f to/C1! hody C1Ctivity. Cardiac uptake was decreasing in CI monoexponential manner for 

hoth DOX and IDOX, and there were no sign(ficant d(fferences due to verapa111il in either dosage. Howeve,; 

cardiac uptake c!f' DOX ivas near/y 2�fi1/d higher Ihan c!f' IDOX c:mifirming the lower cardiotoxic potentiC1! of 

IDOX. In conclusion, our re.rnlts in rabbits do not show a sign(ficant increase c!f myocanlial accwnulation of 

cmthracyclines .fi;//owing intravenous injection of verapamil suggesting no increased risk of cardiotoxicity 

.fc;r CI co111bined therapy of DOX or IDOX and verapC1mil. 

Key words: heart radionuclide imaging; doxorubicin; verapamil; myocardium-drug effects; rabbits 

Introduction 

Anthracyclines like the widely used doxorubicin 

(DOX) or the more lipophilic derivative iodo-doxo

rubicin (IDOX) are efficient and well-established 
anticancer drugs in various tumors, e.g. breast or 

lung cancer. 1-5 However, drug resi stance to anthra

cyclines is a well-known phenomenon limiting ef

fective anti-cancer treatment. Multidrug resistance 

related to an overexpression of transmembranous 

glycoprotein p 170 decreases the intracellular con

centration of severa! antineoplastic drugs including 

anthracyclines such as DOX or IDOX by actively 

enhancing their efllux out of the cells.'•-'' 
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Str. 9„ D-24105 Kiel. Germany. Tel.: +49 431 597-3147. 
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Recently, the so-called chemosensitizers have been 

shown to modulate the effects of p 170 glycoprotein 

on drug eftlux; e.g. calcium channel-blockers like 

verapamil increase the intracellular concentration of 

anthracyclines in resistant tumor cells by reducing 

their efflux via p l70 glycoprotein, thus, enhancing 

cytotoxicity. io-13 Since clinical studies testing an

thracyclines in combination with verapamil also 

suggested an improved therapeutic efficacy of this 

antineoplastic regi men, 1�· 15 a potential increase of

toxic side effects of anthracyclines to normal tissue 

has special interest. 11 In particular, an increase of 

the well-known cardiotoxicity l"-1
" of anthracyclines

would bc of great clinical impact. 

The aim of this study, therefore, was to evaluate 

the impact of vcrapamil on in-vivo myocardial up

take of radiolabeled DOX and IDOX in rabbits in

order to estimate the potential risk of increasing 

cardiotoxicity. 
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Materials and methods 

The anthracycline antibiotics doxorubicin and its 
derivative 4' -deoxy-4' -iododoxorubicin (Farmitalia, 
ltaly) were radioiodinated with 1-123 (Amersham, 
Braunschweig, Germany) by electrophilic substitu
tion by the lodogen method as recently published in 
detail. 19

-
21 Radiochemical purtiy as confirmed by 

Sep-Pak RP-C 18 cartridges (Millipore, Eschborn, 
Germany) was more than 98 % in ali cases. 

Six 3-month old male New Zealand white rabbits 
weighing approximately 2.5-3 kg were investigated 
in two subsets of three animals each. One subset 
was treated with 1-123 labeled DOX, the other with 
1-123 labeled IDOX. In both subsets the animals
first recieved the radiolabeled anthracycline alone,
then in combination with low-dose verapamil after
one week, and thirdly in combination with high
dose verapamil after another week. In each animal
40 MBq of 1-123 labeled DOX or IDOX were ad
ministered via an intravenous buttertly catheter in a
central ear vein. Verapamil (Knoll, Ludwigshaten,
Germany) was administered slowly 5-10 min prior
to injection of the radiolabeled anthracycline.
Thereby, a dose of 0.3 mg verapamil per kg body
weight intravenously applied was considered as low
dose, 3 mg per kg body weight as high-dose injec
tion.

Immediately after tracer application, simultane
ous planar whole body images from anterior and 
posterior views with a zoom factor of 1.2 were 
acquired initially in five 1-min intervals and then in 
S-min interval s up to 100 min p.i. using a double
head gamma camera system (Bodyscan, Siemens 
Gammasonics) equipped with high resolution paral
lel bole collimators for low energy. In order to 
avoid artefacts due to movements the animals were 
anesthesized with thiopental (TrapanaIR; Byk Gul
den, Konstanz, Germany) during scintigraphy. Car
diac uptake of radiolabeled DOX and IDOX in per
cent of total body activity was calculated for each 
tirne interval by conventional ROl-technique. 

Quantitative data are given as mean ± one stand
ard deviation. Two-tailed students t-test was used to 
evaluate differences, with p < O.OS considered to be 
statistically significant. 

Results 

Time-to-uptake curves of cardiac uptake of 1-123 
labeled DOX, DOX in combination with low-dose 

verapamil (DOX/LD) and DOX in combination with 
high-dose verapamil (DOX/HD) are shown in Fi
gure 1. The corresponding curves of IDOX, IDOX 
in combination with low-dose verapamil (IDOX/LD) 
and IDOX in combination with high-dose verapamil 
(IDOX/HD) are depicted in Figure 2. 
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Figure l. Cardiac up take in percent of to tal body activity of 
1-123 DOX (filled squares). 1-123 DOX in combination
with low-dose verapamil (open circles) and 1-123 DOX in 
combination with high-dose verapamil (open diamonds) in
rabbits up to 100 min p.i .. Symbols represent means, stand
ard deviation bars are omitted for clearness. 

� 
J;! 
5 
s 2 
u � 

8 • 
o 
■ 
◊ 

e a 
�

ll 

8 

8 ij a § § § B � 8 g 8 � 0 0 

o+--�-�--.--�-�--.------,--,---,--� 

O 10 20 30 40 50 60 70 80 90 100 
timcfminJ 

Figure 2. Cardiac up take in percent of to tal body activity of 
1-123 IDOX (filled squares), 1-123 IDOX in combination
with low-dose verapamil (open circles) and 1-123 IDOX in
combination with high-dose verapamil (open diamonds) in 
rabbits up to 100 min p.i .. Symbols represent means. stand
ard deviation bars are omitted for clearness.

Cardiac tracer uptake was decreasing in a roughly 
mono-exponential manner during measurement 
from 0-100 min p.i. for both iodine-123 labeled 
DOX and IDOX. Verapamil in either low-dose or 
high-dose administration did neither significantly 
affect the myocardial time-to-uptake curves of DOX 
(Figure 1) nor of IDOX (Figure 2). Although both 
DOX/LD and DOX/HD values were slightly higher 
than DOX values, there were no significant differ-
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ences between these curves (p > 0.05). Further
more, there were no significant differences between 
DOX/LD and DOX/HD and between IDOX/LD and 

IDOX/HD (p > 0.05). 

However, myocardial uptake of DOX was signi

ficantly higher (p < 0.05) as compared to IDOX. 

DOX values were nearly lwice as high as the corre
sponding values of IDOX during the whole tirne 
period. Similiar results were obtained for DOX/LD 

and IDOX/LD as well as for DOX/HD and IDOX/HD 

confirming the higher cardiac accumulation of DOX. 

Discussion 

Since an effective anti-cancer treatment with cyto

toxic agents like lhe widely used anthracyclines is 

often hampered by mullidrug resistance, drug com

binations with chemosensitizers have been investi

gated in order to restore drug sensitivity in resistant 

cancer cells. Recently, calcium channel-blocking 

agents like verapamil have been shown to effec

tively improve the cellular uptake of anthracyclines 

by reducing their efflux in p 170 glycoprotein-asso

ciated multidrug resistanl cancer cells both in ex

perimental animals and in first clinical studies. 10-15

Howcvcr. since a severe and dose-rclated 

cardiotoxicity is a well-known and treatment-limit

ing side clTect of anthracyclines, 1<,-ix it is necessary

to evaluate whether verapamil would also increase 

the toxicity of anthracyclines in normal tissues. 

In experimental studies, a 30 % increase of DOX 

concenlrations in normal rat myocardial cells per

fused with verapamil has been reported, as well as a 
higher incidencc and scverity of degenerative 

changes in cardiac tissue of mice treated with 

verapamil and doxorubicin."·" 

Our results in rabbits, however, did not confirm 

significant differences of cardiac accumulation of 

1-123 labeled DOX as compared to either DOX in

combination with low-dosc (0.3 mg/kg body weight)

or with high-dose (3 mg/kg body weight) vera

pamil. Moreover, there were no significant differ

ences bctween radiolabeled IDOX and IDOX in
combination with low-dosc or high-dose verapamil.

This may probably bc due to thc dosagc and thc 

diffcrent ways of administration of verapamil. In 

cxperimcntal studies perfusion of isolatcd myocar

dial tissue with verapamil in a constant concentra

tion will reach continuously highcr and more effec

tive plasma lcvels as compared to single intrave-

nous bolus injections or oral application of vera
pamil as used in clinical scttings.25 Thercfore, plas
ma concentrations of verapamil as achieved in this 

study - cven using a high-dose regimen of 3 mg 

verapamil per kg body weight - may be too low to 

effectively modu late p 170 glycoprotcin function of 

myocardial cells resulting only in a small increasc 
of intraccllular anthracyclinc concentration. Simi
lar observations with no incrcase in both tumor 

cytotoxicity and toxic sidc effects have becn re
ported from a clinical phase II study.25 The major 
problem thereby is most probably the dose-limita

tion of verapamil bccausc of its severe acute cardio
vascular toxicity when plasma concentrations reach 
those required for succcssful rcversal of multidrug 

resistance in vitro.21'· 27 

Furthennore, in normal cells without overexpres

sion of p 170 glycoprotein, e.g. cardiomyocytes, vera
pamil may dccrease thc clllux of anthracyclines only 
slightly so it could not be detectable by scintigraphic 

means. Similar results are reported for normal human 
bone marrow cells in which myelotoxicity of anthra

cyclines was not increased by verapamil.28 

Another important modifying factor to be consid
cred is the labeling of DOX and IDOX with 1-123. 
Adding iodine by the lodogen method,'"-21 physico

chemical and, thus, biological properties of the mo
lecule may be altered resulting in different pharma

cokinctics of the labeled drugs as compared to non
labeled derivatives. Therefore, further investigations 

are necessary to dcline changes in biokinetics of 
iodinated DOX and IDOX as compared to the unla
beled drugs. 

Tota! cardiac activity measured by scintigraphic 
means, i.e. ROl-technique, includes both myocar
dial uptake and cardiac blood pool activity. There

fore, our results of cardiac accumulation, as pre
sented in this study, do not exclusively depend on 

myocardial uptakc. Howevcr, it has been shown that 

less than 0.4 % of the injected dose of either DOX 
or IDOX is detcctable in the plasma within a few 
minutes after administration.2'' This is in accord
ance to a fast blood clearance of DOX and IDOX as 

shown by a rapidly clearing activity from the largc 

vessels and the lungs. The decreasing bloodpool 
activity has been demonstrated by a quick decrcase 
of cardiac uptakc in thc first two minutes, too. 
Therefore, cardiac activity appears to be mainly 

related to myocardial uptakc aftcr two minutes, thus, 
confirming our results that single-dose verapamil 

has no major impact on myocardial uptake of both 

DOX and IDOX. 



180 Bre11ner W et a/. 

DOX showed a nearly 2-fold higher cardiac accu

mulation as compared to IDOX This holds true 

either alone or in combination with verapamil. Al

though IDOX is the most lipophilic derivative of 

common anthracyclines/0 cardiac accumulation in 
our study was significantly lower suggesting a less 

cardiotoxic potential of IDOX This is consistent 

with severa! preclinical and clinical studies report

ing a reduced cardiotoxicity of IDOX as compared 

to DOX_,o-,2 Thus, this scintigraphic finding con

firms the reliability of the experimental setup cho

sen and suggests no major differences in pharma

cokinetics of the labeled drugs as compared to non

labeled derivatives. 

Conclnsion 

The results in rabbits did not confirm a significant 

increase of in vivo cardiac accumulation of anthra

cyclines following a single bolus injection of vera

pamil. Therefore, no increased risk of cardiotoxic

ity for treatment of DOX or IDOX in combination 

with verapamil is suggested so far. The lower car

diac accumulation of lDOX confinned its lower 

cardiotoxic potential as compared to DOX. 

Acknowledgements 

This study was supported in parts by grants of the 

Deutsche Forschungsgemeinschaft (DFG). 

References 

1. Sessa C, Calabresi F, Cavalli F, Cerny T. Liati P, Skovs
gaard T, Soiio R, Kaye SB. Phase II studies of 4' -iodo-4' -
deoxydoxorubicin in advanced non-small celi lung, colon
and breast cam:ers. A1111 Oncology 1991; 2: 727-31. 

2. Mross K, Mayer U, Hamm, K, Burk K, Hossfeld DK. 
Pharmacokinetics and metabolism of iodo-doxorubicin
and doxorubicin in humans. Eur J Ciin Phannaco/
1990; 39: .507-13.

3. Mross K, Mayer U, Langenbuch T, Hamm K, Burk K,
Hossfeld D. Toxicity, pharmacokinetics and metabo
lism of iododoxorubicin in cancer palients. Eur J Can
cer 1990; 26: 11.56-62.

4. Mross K, Mayer U, Zeller W, Becker K, Hossfeld DK.
Pharmacodynamic and pharmacokinetic aspects of iodo
doxorubicin. Oncolo!iy Res 1992; 4: 227-31.

.'i. Mross K. New anlhracycline derivatives: what for9 Eur 
J Ca,u;er l 991; 27: 1.542-4. 

6. Paslan l, Goltesman M. Multiple drug resistance in hu
man cancer. N Engl J Med 1987; 316: 1388-93.

7. Lemontt JF, Azzaria M, Gros P. Increased mdr gene 
expression and decreased drug accomulation in mulli
drug-resistant human melanoma cells. Cancer Research 
1988; 48: 6348-53.

8. Evans CH, Baker PD. Decreased p-glycoprotein ex
pression in multidrug-sensitive and -resistant human
myeloma cells induced by cytokine leukoregulin. Cl/11-
cer Res 1992; 52: 5893-9.

9. Rao VV, Chiu ML, Kronauge JF, Piwnica-Wonns D. 
Expression of recombinant human multidrug resistance 
p-glycoprotein in insect cells confers decreased accu
mulalion of technetium-99m-seslamibi. J Nucl Med 1994; 
35; .510-15.

1 O. Bruno NA, S late DL. Effect of exposure to calcium 
enlry blockers on doxorubicin accumulation and cyto
toxicity in mullidrug-resislant cells. J Nlltl Cllncer 111st 
1990; 82: 419-24. 

11. Damiani D, Michieli M, Michelutti A, Melli C, Cerno
M, Baccarani M. D-verapamil downmodulates p170-
associated resistance to doxorubicin, daunorubicin and 
idarubicin. A11ti-Ca,1cer Drug.,· 1993; 4: 173-80. 

I 2. Mross K, Hamm K, Hossfeld DK. Effects of verapamil 
on the phannacokinetics and metabolism of epirubicin. 
Call(:er Che111other Phllr111llcol 1993; 31: 369-7.'i. 

13. Lehne11 M. Reversal of multidrug resistance in breast 
cancer: many more open questions than answers. A1111
O,u:ology 1993; 4: 11-3.

14. Durie BGM, Dalton WS. Reversal of drug-resistance in 
multiple myeloma with verapamil. Br J Haematol 1988; 
68: 203-6. 

l .'i. Miller TP, Grogan TM, Dalton WS. P-glycoprotein ex
pression in malignant lymphoma and reversal of clini
cal drug resistance with chemolherapy plus high-dose 
verapamil. J Clill O11co/ 1991; 9: 17-24. 

16. Nilles M, Wehr M, K6hler F. Adriamycin-Kardiomy
opathie. Medwelt 1984: 35: 103-8.

17. Casper ES. The cardiotoxic effect of epirubicin and
doxorubicin (adriamycin). Cliniwl Tria/s J 1987; 24
(Suppl 1 ): .57-66. 

18. Neri B, Cini-Neri G, Bandinelli M, Pacini P, Bartalucci 
S, Ciapini A. Doxorubicin and epirubicin cardiotoxic
ity: experimental and clinical aspecls. lili J Ciin Phar
nwco/ l 989; 27: 217-21. 

19. Fraker PJ, Speck JC. Protein and celi membrane iodi
nations with a sparingly soluble chloroamide, l ,3,4,6-
tetrachloro-3a,6a-diphenylglycoluril. Biochim Biophys
Res Com111 1978; 80: 849-.57.

20. Salacinski PRP, McLean C, Sykes JE, Clement-Jones
VV, Lowry P J. Iodination of proteins, glycoproteins
and peptides using a solid-phase oxidizing agent,
I ,3,4,6-tetrachloro-3a,6a-diphenyl glycoluril (iodo
gen). A,wlytiwl Biochemistry 1981; 117: 136-46.

21. Wolf H, Marschall F, Scheffold N, Clausen M, Schramm 
M, Henze E. lodine-123 labelling of atrial natriuretic 



Effecr,1· of' vernpami! 011 cardiac uptake of' radio!abe!ed doxorubicin and iodo-doxornbicin in rabbirs ! 81 

peptide and its analogues: initial results. Eur J Nuc! 
Med 1993: 20: 297-301. 

22. Monti E. Paracchini L. Piccinini F. Effect of calcium 
inhibitors and calcium mobilizers on doxorubicin ac
cumulation in rat myocardial tissue. Pharmaco! Res
Co1111111111 1988: 20: 369-76.

23. Sridhar R, Dwivecli C, Anderson J, Baker BP, Sharma
HM, Desai P, Engineer FN. Effects of verapamil on the 
acute toxicity of doxorubicin in vivo. J Nart Cwu:er 
111st 1992: 84: 1653-60.

24. Santostasi G, Kutty RK. Krishna G. lncreased toxicity
of anthracycline antibiotics induced by calcium entry 
blockers in cultured carcliomyocytes. Toxirn! App! Phar
macol 1991: 108: 140-9. 

25. Mross K. Bohn C, Edler L. Randomized phase II study 
of singlc-agent cpirubicin ± verapamil in patients with
advanccd mctastatic brcast canccr. A1111 O11co! 1993: 4:

45-50.

26. Hamilton G. Thayer G. Baumgartner G. Calcium an
tagonistst as modulators or multi-drug resistant tumor
cells. Wien Med Woche11schr 1993: 143: 526-32. 

27. Van Kalken CK, van der Hoeven JJ, de Jong J, Giac
cone G, Schuurhuis GJ. Beprifil in combination with
anthracyclines to reverse anthracycline resistance in 
cancer patients. Eur J Cwu:er 1991: 27: 739-44.

28. Busch FW, Schmittele U, Ehninger G. Toxicity of novel
anthracycline derivatives towards normal bone marrow
progenitor cells is not increased by verapamil. B!ur 
1990: 60: 219-22.

29. Mross KB, Mayer U, Hanun K, Burk K, Hossfeld KD.
Phannacokinetics and metabolism of iodo-doxorubicin
and doxorubicin in humans. J Ciin Pharmaco! 1990;
39: 507-13.

30. Mross K, Langenbuch T, Burk K, Hossfeld DK. lodo
doxorubicin, ein neues Anthrazyklin-Derivat. Onko!o
gie 1990; 13 345-51.

31. Villani F, Galimberti M, Lanza E, Rozza A, Favalli L
Poggi P. Evaluation of cardiotoxicity of a new anthra
cycline derivative: 4' -deoxy-4' -iododoxorubicin. /11ves1
New Drngs 1988; 6: 173-8.

32. Villani F, Galimberti M. Early cardiac toxicity of 4' -
iodo-4'-deoxydoxorubicin. Eur J Cancer 1991; 27: 

1601-4.



Radio/ Oncol l 996; 30: l 82-8. 

Scatter correction in hippuran clearance estimation with the modi

fied Oberhausen technique 
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Felber, 1 Malte Clausen,2 Eberhard Henze 1 

1 
C linic of Nuclear Medicine, Christian-Albrechts-University, Kiel, Germany 

2 Department of Nuclear Medicine, University C linic Eppendo1f, Hamburg, Germany 

The modUied Oherhausen technique is widely used in the estimation of hippuran c/earance. Howeve1; when 
using a gamma camera the slope of the retention cu111e may be i1ifluenced by scattered photons from the 
kidneys. Therefore, the aim of this study was to quantify renal scatter and to elucidate the underlying factors. 
Scatter was measured in a seperate energy window in 47 patients with fast and in 31 patients with prolonged 
reno-vesical transport. An excellent correlation between renal clearance obtained with and without scatter 
correction was yielded (n = 76; 12 

= 0.993, SEE = 10.7 ml/min/1.73 m2 ). In two patients only, we 
underestimated renal clearcmce hy 43 and 47 % when scatter correction was omitted (see Figure 1). As 
underlying factors we determined ohstruction mul concomitant impaired renal function. In conclusion, in 
these patients cm underestimation of renal c/earance in renal function studies should be kept in mind. 

Key words: metabolic clearance rate; iodohipporic acid; scattered, radiation; hippuran clearance, modified 
Oberhausen technique, scatter correction 

Introduction 

Rena! function scintigraphy with iodine-123-hip
puran is an established quantitative method in nu
clear medicine. 1-J The classical definition of renal
clearance for the single shot-technique and falling 
plasma concentration of radioiodine-hippuran is to
tal body loss (dm) of the tracer per tirne (dt) devi
ded by the corresponding plasma concentration 
(Cr1), according to equation l .

dm 

Cl =
dt 
CI', 

(1) 
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This approach is free of any assumption concern
ing compartment analysis, may be directly meas
ured by cliagnostic in nuclear medicine, and has 
become a clinically feasible method of reference.) 
The original method requires total body count de
tection with renal ancl urinary bladder shielding_.i. 5

For reasons of practicability this methocl was modi
fiecl by using a gamma camera backgrouncl region
of-interest."-9 The resulting time-activity-curve was 
assumed to be representative for the total body re
tention curve of the tracer. This assumption has not 
been confirmed by the original author and indeed, 
in a careful comparison proved to be not reliable 
enough for clinical patient care. 10 This may be due 
to scatter of renal count rate into the backround ROI 
which are in the same field of view of the gamma 
camera used. However, in routine patient manage
ment clearance estimation is not intluencecl, since 
the time-activity-curves of both renal and background 
ROi have a parallel tirne course in the tirne interval 
of interest from 12 to 24 min post injection. 
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On the other hand, in patients with obstuctive 
uropathy a time-dependent increase of count rate 
over both kidneys yields a non-parallel tirne course 
of the respective time-activity-curves. In consequen
ce, scatter of the kidneys may artificially flatten the 
total body retention curve. This directly results in a 
falsely decreased radioiodine-hippuran clearancc. 

Thercforc. thc purposc of this study was to csti
mate and subscqucntly to compcnsate for any unde
sired elTccts of renal scatter on thc background 
slope. Parts of thc results have been published in 
brief rccently.11

-
1

) 

Materials and methods 

Out of routine clinical patient care 78 patients were 
included consecutively. These patients were devi
ded into two groups: 47 patients (20 temale, 27 
male. age: 48 .5 ± 16.7 years) with normal or fast 
reno-vesical transport and 31 palients ( 1 O female, 
21 male. age: 49.4 ± 25.4 years) with prolonged 
reno-vesical transport. Rena! scintigraphy was per
fonned in ali patients arter a bolus injection of 40 
to 80 MBq 1-123-hippuran in a conventional man
ner. Serial images were acquired in a posterior view 
using a LFOY-gama-camera equipped with a LEAP
collimator (Gamma Diagnost Tomo. Philips. The 
Netherlands) up to 25 min p. i. The symmetric 
1 O% energy window was set on the photopeak of 1-
123. i. e. 144-176 keY. The clearance was derived
according to equation I using the physiologic ap
proach ror clearance estimation. i. e. plasma con
centration al 12 and 24 min p. i. and the slope of the
camera background retention curve at the respec
tive tirne were combincd with the standard algo
rithm. The background ROi was positioned in the
largest possible distance to lhe kidneys in thc basal
parts or the lungs.

In addition. during data acquisition a sccond en
ergy window. sel from 96 to 144 keY 14 was used to 
sample scaltcr information. Follwing standard dala 
evaluation for renal clearance calculation. different 
rrnctions or tile scatter images rrom O to 80 % were 
subtracted from lhe original photopeak or the back
ground ROl. 7

· 
14

" 1
'' As a second method of scattter

correction a constant rraction of I to 5 % of the 
activity or the renal RO!s was subtractcd rrom thc 
background ROi without measuremcnt of scattered 
radiation. 

In ordcr to recognisc bolh differences and both 
patient groups basing on scattercd radiation and thc 

success of thc correction for scattered radiation, we 
introduced thc slope S of the retention curve given 
by the logarithm of the retention value at 24 min 
(R,4111,,,) devided by the retention value at I 2 min
(R

12
11111,), as given in equation 2. Thcse slope values 

of both patient groups are not directly comparable 
since they are dependent of the respective clearance 
valucs. Thcrefore. slope values were normalised 
with thc individual clearance of the respectivc pa
tient. Whcn starting from a one compartment 
model,17 the slope of the retention curve is a direct
measure for the respective clearance. Thus, an in
dex derived by dividing the slope and the elearance 
(CI) should be constant. Any deviation of this index
between both patient groups should, therefore, be
due to scattered radiation.

S= In( R24min) R12min (2) 

For reasons of practicability we normalised the 
terived index I according to equation 3 with a factor 
F as given in equation 4 in order to yield values 
ncar unity without any dimension. 

s 
l=--F 

Cl 

78 

2.Cl, 

F= 78 R24min 

i=I ) 

t1
1

{ Rnmio i 

(3) 

(4) 

Data are given as mean ± one standard deviation. 
Curve fitting was quantitied by the linear regression 
coefficient, r and the standard error of the estimate 
(SEE). The difference between both patient groups 
was calculated with a two-tailed t-test aecording to 
Wilcoxon for unpaired data, with p < 0.05 consid
ered to be statistical significant. 1x

Results 

Scctlter correction with 111ecr.rnre111ents ol a scattered 
.fim:lion 

The elTect of an increasing correction of a scattered 
fraction in thc background ROi on the correlation 
of thc calculated index and modifled hippuran clear
ance according to Oberhauscn in both paticnt groups 
is given in Table 1. Without scattcr correction the 
indices of both patient groups are different from 1 
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Table l. E!Tect of subtraclion of different fractions (Fin%) from the scatter window ol' the photopeak from the background
ROI on the indices ([) in both patient groups with fast or normal reno-vesical transport (A: n = 47) and in patients with 
prolonged reno-vesical transport (B: n = 31) and its effect on the correlation (r1

, SEE) to the modified Oberhausen clearance. 
The latter was 358.0 ± 84.4 and 253.0 ± 156.8 ml/min/1.73 m1 in group A and group B, respectively. 

Group A (n = 47) 

F I r2 SEE 

o l.075 0.354 0.183 0.323 
20 1.067 0.335 0.223 0.299 
40 1.043 0.289 0.354 0.235 
60 1.026 0.265 0.444 0.200 
70 l .001 0.239 0.564 0.159 
80 0.944 0.265 0.407 0.206 

with figures of above I in group A and figures of 
below l in group B. In consequence, the correlation 
between index and clearance is low with r2 = 0.183 
in A and r2 = 0.228 in group B. With an increasing 
subtracted scaller fraction F the difference in bolh 
groups diminishes. The indices are converging to 1. 
In consequence. the correlation between index and 
hippuran clearance becomes gradually closer. An 
optimal subtraction is yielded by subtracting 70 % 
of the scatter window from the photopeak window 
in the background ROi. Consequently, the indice� 
are almost I with r2 reaching a maximum and SEE 
reaching a minimum. With increasing subtraction 
of 80 % the correlation worsens again. This is due 
to an overcorrection. 

Seul/er corrrection without mea.rnrement ci .1·cat

terecl rndiation 

The clTect ol' diffcrcnt scatter corrrcctions without 
direct measurement of the scattered fraction on the 
corrrelation of index and clearancc valucs in both 
patient groups is givcn in Table 2. Yarying degrees 
of the photopeak of the rcnal ROis ranging from 1 
to 5 % were subtracted from the photopeak of the 
background ROi. Without any scatter correction the 
indices of both patient groups are different from 
unity again. With an increasing subtraction F this 

Group B (n = 31) 

1 r2 SEE 

0.886 0.479 0.228 0.428 
0.898 0.460 0.275 0.399 
0.935 0.429 0.404 0.337 
0.961 0.427 0.465 0.318 
0.998 0.452 0.487 0.329 
1.085 0.607 0.348 0.498 

difference reaches a minimum when subtracting 3 % 
of the scatter window from the photopeak window. 
In consequence, the indices in both patient groups 
are converging at I with r

2 reaching a maximum 
and SEE reaching a minimum. Again, an increase 
of subtraction to 4 and 5 %,. respectively, worsens 
the correlation of calculated index and hippuran 
clearance indicating overcorrectin. 
Since the best correlation of the calculated index 
and hippuran clearance is reached with a subtrac
tion of 70 % of the scattered window of the back
ground ROi, corresponding to an optimum compen
sation for scattered radiation. this method is usede 
for the following an calculations. 

!,;fluence c�f' scatter correctio11 011 rena/ c/earn11ce 

esti111atio11 

The scatter corrected clcarance (Cl
5
c) is shown ver

sus the modil1ed Oberhausen clearance (CL,n1) in 
Figure 1. As could be expected, the clearance was 
singificantly higher in patient with normal or fast 
reno-vesical transport (squares) as compared to pa
tients with prolonged reno-vesical transport (circles): 
358.0 ± 84.4 versus 253.0 ± 156.8 ml/min/ 1.73 rn2. 
Correlation equations and correlation parameters 
with respective renal clearance values with and with
out scattcr corrcction are given in table 3 for di ffer-

Table 2. Effect of substraction of different fractions (Fin%,) from the photopeak of lhe kidney-ROI from the background-ROI 
on the indices (1) in bolh patienl groups wilh rast or normal reno-vesical transport (A: n = 47) and in palients with prolonged 
reno-vesical transport (B: n = 31) and its effeet on lhe correlation (r1

• SEE) to the modilied Oberhausen clearanee. The laller 
was 358.0 ± 84.4 and 253.0 ± 156.8 ml/min/1.73 m' in group A and group B. respectively. 

Group A (n = 47) Group B (n = 31) 

F I 1� SEE I r2 SEE 

o 1.063 0.308 0.407 0.241 0.904 0.296 0.089 0.294 
1 1.041 0.283 0.449 0.213 0.938 0.265 0.187 0.249 
2 1.015 0.257 0.500 0.184 0.977 0.251 0.350 0.211 
3 0.986 0.232 0.551 0.157 1.021 0.287 0.446 0.222 
4 0.951 0.216 0.543 0.148 1.()74 0.436 0.332 0.371 
5 0.909 0.240 0.343 0.197 1.138 0.855 0.174 0.809 
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Figure l. Scattcr correctcd (Cls,) versus rnodified Ober 
hausen clearance (Clrn1) in ml/min/1.73 m2 in 47 patients 
with normal or fast (squares) and 31 paticnts with pro
longed (circles) rcno-vesical transport. Note. two patients 
with obstructivc uropathy and concomitant decreased renal 
fuction (filled circles) in whom renal function would have 
been underestimated without scattcr corrcction by 43.5 and 
46.7 'lr, respectivcly. For correlation equation scc Table 3. 

ent patient groups. In 47 patients with normal or 
rast reno-vesical transport (Table 3, group A) an 
excellent correlation of clearance values with and 
without scatter correction was yielded. 

estimated by 43 .5 and 46 .7 %, respectively. 
Without these two patients (table 3, group B with

out 2) correlation of scatter corrected clearance and 
Oberhausen clearance was as goood as in group A 
(r2 = 0,993; SEE: 13.5 ml/min/1.73 m2). 

Discussion 

Pa1hopln-siologv 

According to the delinition of renal clearance (see 
equation 1) both parameters of the fraction, i. e. 
slope of the retention curve and plasma concentra
tion of radioiodine-hippurane, can be measured di
rectly. This physiologic and cornpartment-free ap
proach was proposed by Oberhausen4·5 using a who
le body retention curve with renal and urinary blad
der shielding. In recent tirne this rnethod was modi
lied by using a large-field-of-view garnma carnera.' 
However, this implies that both the renal and the 
background ROi are in the same field-of-view of 
the gama camera used. Therefore, scattered radia
tion from the kidneys into the background ROi is 
implicitly a more pronounced problem when com-

Table 3. Correlation or modilied Oberhausen clearance with (CI,) and withoul (CI"') optimal scaller correetion (r2
• SEE in

rnl/min/1.73 m2) in different patient groups with fast or normal rei;o-vcsical transport (A: n = 47) and palients with prolongcd 
reno-vcsical transport (B: n=3 I ). with and without thcsc bolh patients with obstructivc uropathy and concomitanl decrcascd 
renal function. 

Paticnts 
GroupA 
Group B 
Group A plus B 
Group B withoul 2 
Group A plus B without 2 

11 
47 
31 
78 

29 
76 

In 31 patients with prolonged reno-vesical trans
port (Table 3, Group B) we found a very good 
correlation of lhe clearance values with and wilhout 
scatter correction with al somewhat enlarged SEE 
(r2 = 0.956: SEE = 32.7 ml/min) as well. 

In two of 31 patients (Figure 1, filled circles) with 
prolonged reno-vesical transport and concomitant de
creased renal runclion correlation between scatter 
correctcd clearance and rnoditied Oberhausen clear
ance was bad. The clearance values wilhout scatter 
correction were 140 and 160 rnl/min/1.73 m2, respec
tively. On the other hand, when correcting for scat
tered radiation the clearance values were calculated 
as to 248 and 300 ml/min/1.73 m2• Thus, without 
scatter correction clearance would have been under-

Corrclation equation, r2 SEE 
CI, = 0.98-Cl011 + 4.9 0.tJ90 8.3 

C(= 0.96-Cl,n, + 22.4 0.956 32.7 
CI,,= 0.95-Clo11 + 19.6 0.970 21.8 
CI"= 0.99-CI,n, + 6.5 0.9tJ3 13.5 
CI.si= 0.tJ9-Clo11 + 6.6 0.<)93 10.7 

pared to a whole body counter as proposed by Ober
hausen. In order to mini mize this problem, the back
ground ROi is positioned as far away from the 
kidney ROis as possible. 

However. even with these assumptions we could 
show that approximately 3 % of the photopeak of 
the renal ROis become etTective within the back
ground ROi. This correponds lo a correction of 
scattered radiation in the background ROi of about 
70 % of scattered radiation measured in an energy 
window from 96 to 144 ke V. 14 These observations 
are in good agreement with data reported in the 
literature. 14-"' 

In our patients we found a very good correlation 
of renal clearance calculated with and without scat-
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ter correction in ali patients with rast or normal 

reno-vesical transport (see table 3, r2 
= 0.990). This 

holcls true as well in 29 of 31 patients with a pro

longecl reno-vesical transport (r2 
= 0.993). However, 

in 2 patients with prolonged reno-vesical transport 

the hippuran clearance was underestimatecl by about 

35 %. In these patients clearance values were not 

confirmecl by an independent reference met hod. 1'1 

Therefore. even clearance values arter scatter cor

rection may be underestimated. However, since we 

found very good correlation or the calculated clear

ance values with and without scatter correction (r2 
=

0.993) in the remaining 76 patients this may serve 

as an argument that we did not introduce artefacts 

with the scatter correction performed. 

Two main factors could be shown to be important 

for the underestimation of renal clearance without 

scatter correction. The effect of a prolonged reno

vesical transport with a corresponding accumula

tion tirne of the time-activity-curves is easy to re

cognise since time-activity curves of renal and back

ground ROls are-non parallel. Morcover, the simul

taneously decreased renal function is imperative for 

the underestimation of renal clearance as well. A 

scatter fraction of about 3 % or the photopeak of 

the renal ROi yields predominantly to an increase 

of late retention values. Therefore. a llat retention 

curve will be influenced more than a steep one. 

This implies that a reduced renal runction will be 

in!luenced more than a normal renal function as 

could be expected from the so-called Oberhausen 

tables: a change or the rraction of retention values 

at 2 and 24 min p. i. (= E/D according to the 

Oberhausen tables) yields to less pronounced change 

in the slope of the retention curve in patients with 

normal renal runction (E/D = 0,5) as compared to 

patients with markedly decreased renal runction 

(E/D = 0.9). 

Clinicol up11licalio11s 

A markedly larger influence or scattered radiation 

has to be expected when positioning the background 

ROi in the near vicinity of the kidneys.7 In patients

with obstructive uropathy and decreased renal func

tion hippuran clearance will be underestimared 

markedly. Therefore. in routine ptient management 

the background ROi will be positioned in the larg

est possihle distance to the kidneys. However. this 

distance is limited by the rielcl-of-view of the 

gamma camera used. 

Since even under these conclitions a scatterecl 

radiation fraction of about 3 % of the photopeak of 

the kidneys can be expected, this should be consi

clered in patients with decreased renal function ancl 

obstructive uropathy. In these patients one should 

be aware of a marked underestimation of the clear

ance values calculated. 

As could be shown in this paper the correction 

for scatter radiation can be performed a posleriori 

easily. However. this implies the acquisition of in

formation related to scattered radiaton in a second 

energy window during routine renal scintigraphy. In 

daily patient management renal function scintigra

phy can be corrected for scattered radiation i f the 

calculated hippuran clearance and time-activity-cur

ves of the kidneys suggest an underestimation of 

the hippuran clearance calculated. 

Since the measured scatter fraction of the back

ground ROi by the photopeak of the kidney ROi s of 

about 3 % is dependent on severa! factors, i. e. 

square or the distance of background ROi and kid

ney ROls. body-weight this results in an enormous 

intra- and interindividual scatter. Therefore, its nu

meric value should be restricted to scientific work 

and. thus, should not be used for scatter correction 

in an individual patient. 

!vle!l10do/ogicol co11sidern1io11s 

In order to document an elTective correction of scat

tered radiation we had to use a measure which is 

independent of the slope or the retention curve in an 
individual patient. Therefore, we started from the 

ordinates of the retention curves at 12 and 24 min 

as given by Oberhausen. These can be taken di
rectly since the logarithm of this rraction is a direct 

measure for renal clerance when using a one-com

partment model. 17 Normalising this slope by the 

individual renal clearance of the respective patient 

yields to an index which is independent of the indi

vidual renal runction of the patient investigated. 

Since this index does not serve as a quantitative 

measure for the clearance itselr and since we used 

this index simply to cornpare two patient-groups. 

the error introduced by a one-compartment model 17 

can be neglected. 

Thus. the differences or this index between two 

patient-groups indicate a lack or correlation of the 

slope or the retention curve and renal clearance. 

Since the only dilTerencc or these both patient

groups was the reno-vesical transport. differencc of 

this index between both the groups is caused by 
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different effective fractions of scattered radiation. 
Therefore. the index introduced is a measure for 
scattered radiation. 

Although the numeric values of the index derived 
from the individual patient cxhibit a relative largc 
scatter, we could introduce a measure for the effect 
of scatlered radiation by the division of our patients 
in two groups with di!Tercnt reno-vesical transport. 
This is supportcd by thc ract that the indiccs go 
systematically in one direction with increasing cor
rection or the scattered fraction. This could be 
shown statistically significant (p < 0.05) by a modi
fied t-test calculated from the singlc values of cor
relation coe!Ticienls. 1" 

Since thc introduced index is 01· basic importance 
in order to measure the degree or scatter correction 
its behaviour shall be discussed in detail. First. the 
index used was normalised at I for belter readabil
ity. In patienls with normal or fast rcno-vesical 
transport scatter from the kidneys in the background 
ROi is not e!Tcctive. Therefore the indexs is near 
unity. On the other hand. in casc of e!Teclive scat
tered radiation from the kidneys into thc background 
ROJ in patients with prolonged reno-vesical trans
port the retenlion curvc will be flattened artificially. 
Therefore. thc index is below unity. In case of an 
overcorrcction or the scatlercd radialion thc index 
will be above unity. 

According to the definition of clearancc (sec equ
ation 1) both parts 01· the fraction will change in the 
same direction with changing clcarancc valucs. 
Thus, clcarance valucs can be estimated from mea
surements 01· thc plasma conccntration of the 
tracer211-2; or from calculations or the slope or thc 
time-activity-curve or the background Ro1 2r�,x as 
well. With the clcarancc estimation by measure
menl of the plasma concentration 01· the radiophar
· maceutical at any tirne arter injection there won't
be any problem with scaltercd radiation from the
kidneys since no timc-activity-curvc rrom the back
ground ROi is used for clearance estimation.211-22- 25

On the other hand. this mclhod implies thal there is
a comparable distribution or the tracer in ali body
compartmcnls betwccn ali paticnts invcstigatcd .
Thereforc, clearancc cslimation by singlc measure
ments or plasma concentrations are not valid in
paticnts with non-homogcnous distribution or thc
tracer in thc rcspectivc compartments. The same
holds in principle for clearancc estimation from the
slope or the retention curves akine."•-29

These limitations do not hokl for the clearance 
estimation method according to Oberhausen since 

bolh parts of thc clearance equation do change in 
the same sense. Therefore. even if in an individual 
patient tracer distribution in the different compart
ments of the body vary numeric values of radio
iodine hippuran clearance will be calculated cor 
rectly. Moreover, it was shown. that the background 
ROJ used with a modified Oberhausen method, is 
representative for thc background ROJ of the partly 
shielded whole-body configuration." 

Conclusions 

Scattered radiation yields to an underestimation of 
thc calculated radioiodinc hippuran clcarancc using 
the modined Oberhausen melhod in a few patients 
only. However. this is of importance in patients 
with obstructivc uropathy and concomitant decreas
ed renal function. The effective scattered radiation 
should be minimised CI prion· by the maximum 
possible distance of the background ROJ with re
spect to the kidney ROls. Scatter correction can be 
obtained easily CI posteriori by using and additional 
energy window collecting scaller data during the 
acquisition of renal function scintigraphy. 
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Gastric emptying in rats with gastroduodenal disease induced by 

N-methyl-N-nitro-N-nitrosoguanidine and akohol

Dražigost Pokorn1 and Anton Cerar2 

1 Institute (�l Hygiene,
2 Institute qf' Pathology, Medica! Faculty, University qf' L)ubljana, Slovenia 

The rale of gastric emptying was measured with a dye dilution technique in rats treated with N-methyl-N

nitro-N-nitrosoguanidine and a/coho/. 

Gastric emptying was compared in rals ,vith gastroduodena/ iliflammatory diseases and gastroduodenal 

neoplasms, and in those without gastroduodenal disease. 

Gastric emptying was found to be significantly increased following the intragastric injection of liquid meal 

in rats with gastroduodena/ diseases as opposed to t/ze control group of healthy rats. 

These findings suggest that an increased gastric emptying of liquids can be explained by abolition on tlze 

relaxation of the gastric wall in rats with gastroduodenal diseases. 

Key words: gastric emptying; dye dilution technique; stomach diseases-chemically induced; N-methyl-N

ni trosoguanidine 

Introduction 

There is an increasing tendency to incriminate ab

normalities in gastric emptying in the pathogenesis 

of gastroduodenal disease. Many disorders are as

sociated with delayed gastric emptying without evi

dence of a structural gastric outlet obstruction. 1-4 

Nevertheless, Nomiyama5 found, by use of the ace

taminophen absorption method, that gastric empty

ing in patients with early gastric cancer was rather 

rapid, if compared with emptying in healthy sub

jects. These differences may be caused by differ

ences in the methods of the gastric emptying meas

urement and in the test meal used. 3• ''

We supposed that liquids injected directly into 

the stomach by a sonde, would be emptied from a 

stomach with gastroduodenal disease more quickly 

than from a healthy stomach.7 

Correspondence to: Prof. Dražigost Pokorn, PhD, MD, In
stitute of Hygiene, Medica! Faculty, University of Ljubljana, 
Zaloška 4, 1000 Ljubljana, Slovenia. 

UDC: 616.33-001.37:616.33-008. l 

We tested this hypothesis using the dye dilution test 

for gastiic emptying"· 9 atler treating Wistar rats with 

N-menthyl-N-nitro-N-nitrosoguanidine (MNNG) 10.1 1 

and alcohol. 

Materials and methods 

Animals 

We used 70 male Wistar rats weighing 150-200 g. 

The animals were fed pelleted Knapka food, and 

maintained in macrolon cages at a constant tempe

rature (22±2 °C) and relative humidity (60±5 %). 

All the animals were given MNNG (Fluka Chemie, 

Switzerland) at a concentration of 100 mg/litre 10 in 

a drinking solution. We arbitrarily divided the ex

perimental animals into two groups. One group had 

MNNG diluted in tap water, while the other, in a 

12 % alcohol solution. The control group of I O 

animals drank tap water. The experimental animals 

drank MNNG solution for 29 weeks; after that they 

drank tap water for an additional 29 weeks, at which 

time the experiment concluded. 
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The experimental animals were observed daily 
and weighed once every 4 weeks. Autopsies were 
performed on ali except two animals. 

At the end of the 58 experimental weeks, the 
gastric emptying tests were perfonned. 

Gastric emptying studies 

The technique of Mange! and Noegel8
· "  was used 

with modifications. Studies were performed on ali 
rats with the exception of the rats which spontane
ously died during the experiment. 

During fasting the rats were maintaineJ in wire
bottomeJ cages to avoiJ copraphagy. The experi
ments were performeJ in a room with the same 
environmental conJitions (temperature, noise anJ 
humidity) as those in the breeJing area. Ali experi
ments were Jone in the morning. 

The phenol red meal was prepared as follows: 
methyl cellulose was Jissolved in water at about 
80 °C and prepareJ in a fina! concentration of 1.5 %. 
The solution was stirreJ until dissolved, anJ phenol 
red (50 mg/100 ml) was then aJJeJ to the stirring 
solution. 

Three ml of phenol reJ solution, maintaineJ at 
37 °C, was aJministereJ orally to the rats. The ani
mals were then killeJ I O minutes (healthy rats) or 
20 minutes (healthy rats anJ rats with gastroduode
nal diseases) after the ingestion of the phenol red 
meal by means of C02 inhalation. 

An incision was made for a miJJle laparotomy. 
The stomach was exposed anJ occluJeJ at the py
lorus anJ carJia. The stomach was then removed. 
cut along the greater curvature and washeJ out with 
3 ml of 0.9 % saline. The gastric content was placed 
in 100 ml of O, 1 N NaOH with 0,9 % saline. 

Trichloracetic aciJ (0,5 ml) (20 % t/vol) was 
addeJ to 5 ml of the mixture. This sample was 
centrifugeJ at 2,500 rpm for 30 min. The 
supernatant was removeJ anJ 4 ml of 0,5 N NaOH 
adJed. Samples were then reaJ on a colour 
spectrophotometer (MA 9502) at 560 nm. 

The percentage of gastric remains was calculateJ 
as follows: 

% gastric remains = 

absorbtion value for stomach 
mean absorbtion value for test meal 

Values were reporteJ as means ± SE. 

X 100 

Statistical analysis was maJe using the Student's 
t test with a significance leve! criteria of 0,05. 

Mo17J/10/ogic evaluation 

The stomach anJ other visceral organs were exam
ined macroscopically, fixed in a I O % neutral for
malin and routinely processeJ for histopathological 
stuJies. GastroJuoJenal lesions were classified his
topathologically into neoplastic (dysplasia, papil
loma, squamous celi carcinoma, adenocarcinoma, 
sarcoma) and nonneoplastic (principally intlamma
tory) gastroJuodenal diseases, following accepted 
histologic criteria.12 

Statistical evaluation 

The significance of the percentage difference of the 
gastric content 20 minutes after the test-meal was 
evaluated by using the Student's t test. 13 

Results 

Body weight gains of rats in the different MNNG
treated groups are shown in Figure 1. 
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Figure l. Weight gain in rats during different dietary peri
ods. 

One animal in the alcohol and two animals in the 
water group died from pneumonia and one animal 
in the alcohol group from an advanced gastric tu
mor. Autopsies were not done in two animals. 

As shown in Table 1, tumors were found in 23 
rats (from a total of 60 rats). The incidence of 
gastroduoJenal carcinoma was greater in the experi
mental group drinking the tap water with MNNG, 
in contrast to the group drinking alcohol with MNNG. 

The Jata on gastric emptying in rats with gas
troduoJenal diseases anJ those in healthy rats are 
summariseJ in Figure 2. 

The gastric emptying in rats with gastroduodenal 
lesions with or without gastric or duodenal tumors 
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Table l. Effect of Various Test Meals on Gastro<luo<lenal 
Neoplasia ln<luced by MNNG in Male Wistar Rats* 

Gastro<luo<lenal 
Lesions 
Displasia 
Papilloma 
Carcinoma 
Sarcoma 
Tota! 

Treatment (Test Meals) 
Ethanol** Water*** Tota! 

4 
1 
5 
1 

11 

o 
1 

11 
o 

12 

4 
2 

16 
1 

23 

; ?\ ,, 

V 1� IS 
].5 

l. 

1 
., 1 

1 " 

.,� ��
" 

,n 1� � � E � � « � ½ M  M 73 � � � ¼ 

\.. (:r ,.-;�SlhlC CCriiLfll� ;','.! M\.'lUIL!: /\i lll-< IHE lL;l J.>LAL 

'1' Tota! No of rats were 60. 
M(UI\JM VAL\Jl CI '. (�r (,1,!,Jfrf COl!l'll'i X, ,..f/lllll5 M !lfi l>tt !t�t �KAL 

** 12.0 vtil % ot' ethanol in tap water with MNNG. 
*** Tap water with MNNG. 

was approximately equal. Figure 2 also shows that 

the gastric emptying was significantly slower in the 

Figure 2. Distribution of the gastric content of the standard 
meal in the stomach of rats with and without gastro<luodenal 
<lisease. 

No % 

20.2 
2 18.2 
3 24.1 
4 24.1 
5 22.9 
6 13.8 
7 21.5 

8 29.6 
9 55.0 

10 27.1 
11 64.4 
12 (-) 
13 20.0 

14 61.8 
15 10.3 
16 44.9 

17 24.4 
18 16.9 

19 (-) 
20 21.0 
21 19.6 
22 16.1 
23 34.7 
24 19.6 

25 17.7 
26 23.5 
27 9.6. 
28 27.8 
29 11.4 
30 20.2 
31 27.6 

32 52.6 
33 10.2 
34 21.0 
35 38.8 
36 (-) 
37 22.9 
38 1.6 

39 10.9 

Chronic superlicial <luodenitis. 
Fibrosis ot' fun<lic mucosa. Chronic superlicial duodenitis. 
Chronic superlicial duodenitis. 
Chronic antral gastritis with focal fibrosis of mucosa an<l sub. mucosa. 
Focal fibrosis of fun<lic an<l antral mucosa. 
No pathological changes. 
Chronic gastritis and focal fibrosis of antral mucosa. 
Focal <lysplasia (grade II) of nonglandular (squamous) mucosa. 
Chronic superficial duodenitis. 
Chronic superficial cluodenitis an<l focal fibrosis of antral mucosa. 
Focal regeneratory atypia of <luo<lenal mucosa (in the vicinity of librosis). 
Focal chronic gastritis of antral mucosa. Early a<lenocarcinoma of !iver. 
Mild chronic gastritis ot' antral an<l t'un<lic mucosa. 
No autopsy report. 
Focal fibrosis of t'undic mucosa. Focal <lysplasia an<l invasive squamous celi carcinoma 
of nonglandular mucosa. 
Mil<l chronic duo<lenitis with focal librosis of propria. 
Chronic duo<lenitis. Chronic gastritis and chronic erosion of antral mucosa. 
Focal librosis ot' submucosa of antral mucosa region. 
Chronic <luodenitis. 
Chronic gastritis of antral mucosa. 
Mo<lerate <lysplasia of squamous mucosa. Chronic antral gastritis with focal fibrosis of submucosa. 
Early adenocarcinoma of antral mucosa. 
Advanced sarcoma. 
Chronic gastritis of antral mucosa. Liver cysta<lenoma. 
Chronic gastritis of antral mucosa. 
Focal lib7-osis ot' antral and <luo<lenal mucosa. 
Chronic gastritis of antral mucosa. 
Chronic gastritis of antral mucosa with focal librosis. 
Squamous celi papilloma of nonglan<lular mucosa. 
Adenocarcinoma (infiltratcs muscularis propria) of antral mucosa. 
Modcratc dysplasia of squamous mucosa. Early invasive celi carcinoma of nonglan<lular mucosa. 
Milll dysplasia of squamous mucosa. 
Chronic gastritis of antral mucosa with focal fibrosis. 
Focal librosis of antral mucosa. Liver cystadenoma. 
Focal fibrosis of antral rnucosa. 
Chronic gastritis of antral an<l fun<lic mucosa with focal librosis. 
Chronic gastritis of antral mucosa with focal librosis. 
Liver harnartoma. 
Chronic duodenitis. 
Chronic gastritis of antral mucosa and erosion of t'un<lic mucosa. 
Chronic gastritis of antral mucosa with focal fibrosis of antral and duodenal mucosa. 
Focal librosis of antral and t'un<lic mucosa. 
Advanced autolysis. No tumor. 
Focal fibrosis of antral and fundic rnucosa. 
Chronic gastritis of antral mucosa. Moderate <lysplasia of nonglan<lular mucosa. 
Early invasivc squamous carcinoma. 
Chronic gastritis of antral mucosa. Focal dysplasia of t'un<lic mucosa. 
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-
No o/t-) 

40 8.3 

41 (-) 
42 5.9 

43 7.6 

44 6.5 

45 76.2 

46 63.5 

47 65.5 

48 36.6 

49 22.4 

50 38.9 

51 25.0 

52 48.3 

53 21.9 

54 36.8 

55 80.5 

56 (-) 
57 12.7 

58 20.0 

59 (-) 
60 75.0 
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Chronic gastritis of antral mucosa. Chronic duodenitis. 
Focal fibrosis of antral mucosa. lnitial autolysis. 
Chronic gastritis and focal fibrosis of antral mucosa. Chronic duodenitis. 
Advanced (Dukes B) adenocarcinoma of duodenum. 
Chronic gastritis of antral mucosa. Papillary cystadenoma of !iver. 
Chronic gastritis of antral mucosa. Focal fibrosis of duodenal mucosa. 
Adenocarcinoma of antral mucosa. 
Focal fibrosis of antral mucosa. Gastritis cystica profunda of prepyloric regi on. 
Focal fibrosis of antral and duodenal mucosa and antral submucosa. 
Adenocarcinoma of antral mucosa (submucosal invasion). 
Gastritiscystica profunda of antral mucosa. Cystadenoma of liver. 
Chronic duodenitis. Adenocarcinoma of antral (prepyloric) mucosa (submucosal invasion). 
Focal fibrosis of antral mucosa and submucosa and chronic erosion of antral mucosa. 
Focal fibrosis of antral and fundic mucosa. 
Focal fibrosis of antral mucosa. Adenocarcinoma of antral mucosa (submucosal invasion). 
Chronic gastritis of antral mucosa. Advanced (Dukes B) adenocarcinoma of duodenum. 
Chronic gastritis and focal fibrosis of antral mucosa. 
In nonglandular mucosa squamous papilloma and invasive squamous carcinoma (early). 
Advanced (Dukes B) adenocarcinoma of duodenum. Multiple papillary cystadenoma of !iver. 
No autopsy report. 
Chronic gastritis or antral mucosa. Adenocarcinoma of antral mucosa (invasion of submucosa). 
Adenocarcinoma of antral (prepyloric) mucosa (invasion of submucosa) 
Chronic gastritis and focal fibrosis of antral mucosa. 
Advanced (Dukes B) adenocarcinoma of distal duodenum. 

healthy rats than in those with gastroduodenal le

sions. (P < 0,0 l ). 

Nomiyama5 who, using the acetaminophen absorp

tion method, discovered that gastric emptying in pa

tients with early gastric cancer was rather rapid, 

when compared with emptying in healthy subjects. 

The time duration for gastric emptying in the 

control (healthy) animals is illustrated in Figure 3. 
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Figure 3. Gastric emptying in rats without gastroduodenal 
disease. 

Discussion 

In the present work we found a significantly faster 

gastric emptying in rats with gastroduodenal dis

eases, in comparison with the control group of heal

thy rats. 

We show that there is not a great difference in the 

rates of emptying between the rats having the gas

troduodenal neoplastic and those with intlammatory 

disease. This finding conlirms the previous work of 

On the other band, delayed gastric emptying has 

been demonstrated for a variety of infiltrative dis

eases.1· �- 1-t--1<> This includes lymphomas, carcinoma,

W hipple's disease, and diseases that produce gra

nulomas in the gastric wall. In our study, ali the 

animals with a prolonged gastric emptying witb 

neoplasia had advanced carcinomas of the antrum 

and duodenum. On the other band, the animals with 

sbortened emptying generally had early gastric tu

mors. 

Gastric mucosal abnormalities can affect gastric 

emptying. Diseases of tbe gastric musculature, in

cluding the inllammatory and endocrine my

opathias, muscular dystropbies, and infiltrative dis

orders, can result in significant gastroparesis.1 Most

patients with gastroparesis have a delay in the emp

tying of solid food, but tbe rate of liquid emptying 

is preserved. Tbis observation suggests tbat the fac

tors that regulate the fundic tone are preserved 

longer in most patients with gastroparesis. 17 The

proximal stomach bas two remarkable motor prop

erties that allow it to carefully regulate intragastric 

pressure during gastric filling, namely: receptive 

relaxation and accommodation. 

The proximal stomach relaxes to receive the bo

lus of ingested food from the esophagus; hence the 

term receptive relaxation. Liquids entering the fon-
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dus trigger vagally mediated initial receptive re

laxation, so that the fundus plays a key role in the 

gastric emptying rate for liquids. 1
� 

The slight shortening of the tirne for gastric emp

tying could be accounted for as a result of the 

absence of the part of the recepti ve relaxation of the 

stomach when swallowing is eliminated. 1
" 

Accommodation to distension is a process 

whereby the stomach accepls increasing volumes 

without greatly increasing the intragastric pressure. 

In the present work, an increased gastric empty

ing (especially the initial emptying) of liquids can 

also be explained by the abolition of the vagally 

mediated receptive relaxation, and/or of the change 

in the fundic tone as the intragastric injection of the 

liquid test meal occurs. that raises the intraluminal 

pressure, elevates the pressure gradient between the 

stomach and duodenum, and allows more liquids 

into the duodenum. 20 

This abnormally rapid gastric emptying, com

pared with the emptying in healthy rats, may be 

caused by differences in the gastric tonus." 

In healthy group, the proximal stomach accom

modated easily to distension. keeping the intragast

ric pressure low as the stomach filled. On the cont

rary in the group with gastroduodenal disease, larger 

increases in pressure occurred during gastric dis

tension. The gastroduodenal diseases impaired the 

stomachs' accommodation and led to greater in

creases in intragastric pressure with gastric filling. 

Moreover, the greater increases in pressure in those 

animals with gastroduodenal diseases led to the 

more rapid gastric emptying of liquids for most of 

the rats studied. 
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Chemotherapy of small cell lung cancer 

Fred R. Hirsch and Nina Jeppesen 

Department of' Oncology, The Finsen Cente,; Rigshospitalet, 2100 Copenhagen, Denmark 

Despite the fact that s111all cel/ lung c:ancer (SCLC) is a verv c:he111osensitive disease, the long-term results 

jimn the present treat111ent are very disappointing with 5 year survival (�f' less than 5%. The present artic:le is 

w1 oven,iew (f the c:hemotheraJiy used today and .fiaure treatment persfiectives. 

Most center.1· today use a co111hina1ion (!f' efiipodophyllotoxin derivate.1· ( Etoposid, ( VP-16) or Vu1110n (VM-26) 

and a plmin derivate (CisJilatin or CarhoJilatin) as a "standard" treatmenl for SCLC. less toxic: treat111ent 

for the elderly patients are desc:rihed, esfiec:ially the role (!{ oral single agent treatment. 

"High dose" treat111ent with or without hone mcirrow SllflJIOrl has not yet re.rnlted in pmlonged survival. 

Future treatment strategies are discussed. 

Key words: lung neoplasms - drug therapy; carcinoma, small celi; brain metastases 

Introduction 

Lung cancer is one of the most important public 

health problems in the world. The incidence of this 
malignant disease continues to increase in the de
veloped world, particulaly among women. By the 

year 2000 the estimated number of new cases world

wide is expected to exceed 2 million. 1 Approxi

mately 25 % of ali lung cancer cases are of the 

small celi variety (SCLC). Despite few or no symp
toms about 60 % of the patients have documented 

distant metastatic disease at presentation.2

In contrast to the other major types of lung can

cer, SCLC is highly sensitive to bolh chemotherapy 

and radiation therapy. However, patients with ex

tensive stage disease are rarely cured, even with 
aggressive treatment. On the other hand patients 

with limited stage disease sometimes experience 

long-term progression free survival with chemo

therapy with or without thoracic radiotherapy and, 

occasionally, cure. Furthermore, chemotherapy is 

effective in ameliorating the symptoms of the supe-

Correspondence lo: Fred R. Hirsch, M.D., Department of 
Oncology 5074, The Finsen Center, University Hospital -
Rigshospitalet. 2100 Copenhagen. Denmark. 
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rior vena cava syndrome, bronchial obstruction, 
pleural effusion and even brain metastases. Virtu

ally. ali patients with SCLC should therefore re

ceive chemotherapy as part of their initial treat
ment. 

"Standard" chemotherapy 

A number of drugs have been identified with single 

agent aclivity in SCLC.3 The relative effectiveness

of the individual drug is diflicult to compare be

cause only few of them are studied in previously 

untreated patients, but mostly in heavily pretreated 

patients. However, most of the drugs have reported 

response rates of 30-60 % as single agent treatment 

(Table 1 ). Early randomized trials demonstrated that 
combination chemotherapy was superior to single 

agent trealment..u In the late l 970s and early l 980s 
cyclo-phosphamide-based combination chemothe

rapy regimens represented the most commonly used 

induction therapy. A typical example is the CAV 

regimen: cyclophosphamide/doxorubicin (adriamy

cinR)/vincristine which has demonstrated overall re

sponse rates of 65-90 % in limited stage disease 

and complete response rates of 20-40 % with a 

small number of 5 years survivors.2•1'
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Table l. Active single agents in s111all celi Jung cancer. 

Drug 

Etoposide 
Teniposide 
lfosfa111ide 
Cisplatin 
Carboplatin 
Cyclophospha111idc 
Vin eri sline 
Methotrexale 
Doxorubicin 
Hexa111ethyl111ela111inc 
Vinblasline 
Vindesine 
Lo111ustine 

Approxi111atc response rate (%) 

75 
75 
60 
50 
40 
40 
35 
35 
30 
30 
30 
30 
15 

During the early to mid 1980s many clinical tri
als focused on the integration of etoposide into 

exisling chemolherapy regimens. Although none of 

lhese lrials yielded a major improvernent in survi

val most were associated with a modesl improve

ment in median survival which in some instances 

was statistically significant.7·' 

The combination of etoposide (E) and cis-platin 

(P) is of special interest because it appears to have

the best therapeutic index of any rcgimens, and in a

number of trials this combination (EP) has been

used as the inilial chemolherapy for patients with
SCLC. Overall rcsults in previous untreated pa
tients show that the complete response rale average

more than 50 % with a median duralion of survival

in these sludies lhat compared favorably with re

sults achieved wilh lradilional induction regimens

such as CAV or CAE (cyclophosphamide, doxoru

bicin, etoposide).''- 10 

While rnosl of lhe treatment regimens loday in

clude cisplatin and etoposide, more recently cispla

tin has been replaced by carboplatin in combinalion 

wilh oral cloposidc in lhe lrealmenl or poor progno

sis patienls wilh SCLC" and lhose sludies sug

gested that lhe combination of carboplatin with oral 
eloposide is a highly effeclive regimen for lhe treat

ment of SCLC patients wilh resulls cqual to and 

comparable with more intensive schedules.11. 12 How

ever, it is too early yet lo evaluate lhe long term 

results (> 3 years) on thal regiment. Thc median 

survival from lhe study by Carney" is 43 weeks 
(range 4-128). In one randornized study cis-platin 

was compared lo carboplalin, bolh in combination 

wilh etoposide, and no di!Terence was obtained with 

regard lo response and survival.12 The case of ad

minislration of the combination of carboplatin and 

etoposide wilh acceptable loxicity would suggest 

that this combination could be the lrealment of 

choice at least for a subset of patients with SCLC, 

especially those palients who cannot tollerate more 
intensively given lreatment. 

The strategy of alternating "11011-cross resistant" 

chemotherapy was prompted by theoretical con
siderations put forth in a mathematical model de

veloped by Goldie and Goldman. 11

A study by Evans et al in 1987'• demonstrating a 

better survival with a regi men of CAV in alternalion 
with EP compared to CAV alone raised the clinical 
interest for this question in patients with SCLC. 

However, the possibility could not be eliminated, 
that the superiority of the alternating treatment was 

due to a belter efficacy of the EP treatment than the 
CAV treatment. Two subsequent randomzied stud

ies by Roth et al9 and Fakuoka et al'' compared CAV. 

EP and CAV alternating with EP, and no difference 

in survival was seen among lhe three treatment 

groups in either of lhe studies. The value of the 

sequential administration of two cycles of etoposide 
and cisplatin after completion of six cycles of CAV 

was evaluated in a large study of limited disease 

patients by Einhorn et al, 15 and lhe median survival

was prolonged by seven months with etoposide and 
cisplatin. 

However, the 1mtjority of studies using alternating 
non-cross resistant combination chemotherapy have 

not shown a 1mtjor benetit for this approach. 11' Al

though alternaling regimens produce only minimal 

survival advantages at best, they do reduce toxicity 

that depends on the cumulalive Jose of a single drug 

such as doxorubicin induced cardiomyopathy and 
cisplatin induced neuropathy. The problem is, ho

wever, that from a experimental lherapeutic poinl of 

view the so called '"non-cross resistant" treatment 

with CAV and EP are today not considered as a lrue 
non-cross resistanl combination chemotherapy.17

The Copenhagen experience 18 

In Copenhagen clinical studies focusing on the lreat

ment of patients with SCLC have been performed 

by the Copenhagen Lung Cancer Group since 1973. 
In the period 1985-1990 484 previously untreated 

palients :5 70 years old were included in study 

designed with lhe following aims: l .  to compare 

two induction regimens containing teniposide (YM 

26), vincristine (YCR) and either cis-platin (Pl) or 

carboplatin (JM-8) followed by an alternating 

chemotherapy and 2. to compare these regimens 

with alternating regimen alone. 
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Arm 1: D
1
-D

1
-D

1 
evaluate - A-B-C-D

1
-A-B-C-D

1 

- evaluate
Arm 2: D

2
-D

2
-D

2
- evaluate - A-B-C-D

2
-A-B-C

D
2 

- evaluate 
Arm 3: A-B-C - evaluate - A-B-C-A-B-C-A-B -

evaluate 
A: Doxorubicine, VCR 
C: PI, hexamethylmelamine, vindesine 
D

I
: Pl , VM 26, VCR 

D
2
: JM-8, VM 26, VCR

There was no survival dirference in patients 
treated with the two platinum containing induction 
arms, while the survival was superior in the two 
induction arms compared to the alternating control 
arm (Table 2). 

Table 2, Median survival (M.s.) and 2-years survival. 

LD ED Ali 

M.s. 2 years M.s. 2 years M.s. 2 years
weeks weeks weeks 

Reg.! 58 20% 36 10% 48 18% 
Reg. II 61 18% 38 13 %, 49 15 % 
Reg. lil 48 15 %, 30 5% 42 10% 

Treatment of elderly patients with SCLC 

Approximately 25-30 % of newly diagnosed pa
tients with SCLC are older than 65, and the number 
of elderly patients with SCLC will continue to in

crease over the next 20 years. It is therefore impor
tant to give greater consideration to the manage
ment of elderly SCLC patients. Single-agent che
motherapy have demonstrated to be very useful in 
the elderly patients. Etoposide or its analogue teni
poside (VM-26) alone has yielded response rates of 
65 to 80 percent in elderly patients, including com
plete responses in 20 to 25 percent of patients, only 
moderate toxicity and median survival of 9 to 11 
months in controlled 1" and uncontrolled trials.211 Al
though better results might have been obtained with 
combinations of drugs with or without radiotherapy 

no randomized trials have addressed these ques
tions in this subgroup of patients. However, more 
recently it is reported that the combination of orally 
given etoposide in combination with carboplatin is 
a well tollerated combination also for elderly pa
tients.21 

Etoposide has clearly demonstrated schedule de
pendence. A study of Slevin et al21 has shown that 
prolonged administration of etoposide produces gre

� 

ater responses than the same total <lose given in a 
shorter tirne frame. Furthermore the study has de
monstrated that the overall response rate and sur
vival were significantly greater for patients who 
received 5 days of i.v. therapy than for those who 
received a single day of treatment. Randomized 
tria! comparing intennittent and continuous etopo
side in elderly patients with previously untreated 
SCLC are presently ongoing in Copenhagen. 

Many factors may influence the approach to the 
administration of chemotherapy to the elderly pa
tients. Co-morbid illnesses and/or performance sta
tus rather than the age are the principle factors 
which will dictate the therapeutic approach and for 
many of these patients the aim of treatment is to 
balance the probability of cure or palliation against 
the risk of toxicity and quality of life. The presence 
or absence of co-morbid disease leading to impair
ment of cardiac, pulmonary or renal function should 
be considered as well as other medication, which 
may lead to potential drug interactions with the 
chemotherapy. Furthermore, elderly patients have 
often poor compliance and errors in self-medica
tion. 

At present, single agent chemotherapy with oral 
etoposide seems to be an appropriate option for 
elderly patients with SCLC in whom the likelyhood 
of severe toxicity from combination therapy is high. 
The treatment is well tollerated and has shown to 
give a high response rate (75-80 %), and long term 
survivors (> 2 years) are reported even in this group 
of patients. 1 '' The most optimal schedule is not es
tablished and future studies should also include a 
comparisson of single agent treatment with "mild" 
combination treatment. 

Dose intensity without bone marrow support 

Drug delivery can be intensified by increasing the 
doses or by reducing the intervals between treat
ments. lntensification strategies include high-dose 
induction chemotherapy, late intensification chemo
therapy with or without bone marrow support and 
weekly chemotherapy have been studies. 

During the 70s and early 80s the clinical investi
gations hypothesized that a <lose response relation
ship existed in the treatment of SCLC and "more 
chemotherapy was better", and early trials appeared 
to support these resultsY· 2-1 However, randomized
trials comparing ''high <lose" regimens to "stand-
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ard" doses failed to demonstratc significant differ

cnccs in survival. 2-'-28 Rctrospectivcly, howevcr. it

can be discussed whethcr the "high-dose" treatment 

really could be considercd as such from an up-to

date point or view. 

In a study by lhde and co-workers2'' they railed to 

demonstrate a survival benefit in patients with ex

tensive stage SCLC randomized to high dose therapy 

compared to standard dosc thcrapy. They ran

domized 90 paticnts to standard dose PE vs. high 

dosc PE. Paticnts randomizcd to the standard dose 

arm received 80 mg/1112 or cisplatin days 1,3 plus 80 

mg/m2 ctoposidc days 1-3 for cyclcs I and 2. Pa

tients randomizcd to the high dose arm rcceived 27 

mg/m of cisplatin days 1-5 and 80 mg/m2 of etopo

sidc days 1-5 for cyclcs I and 2. Ali patients re

ceived standard dose PE cycle 3 and 4. In cyclcs 5 

through 8 completely rcsponding paticnts continucd 

standard dosc PE. ali othcr paticnts rcceived either 

cyclophosphamidc. doxorubicin and vincristine or 

if possible a combination drug program based on 

in-vitro drug testing or tumor celi lincs cstablished 

from individual paticnts. Despitc 68 % higher doses 

and a 46 %, higher dosc-rate illlcnsity actually given 

to paticnts randomizcd to high-dose PE compared 

to thosc randomized lo rcceivc standard dosc PE, 

complete rcsponse rates (23 % vs. 22 %) and me

dian survival durations ( 10.7 months and 11.4 

months) respcctively. wcrc not statistically signifi

cant. Furthermorc. dosc escalation or chemotherapy 

was associated with cnhanccd toxicity. 

Anothcr approach to incrcasc thc total dosc de
livery was to evaluate the use or prolonged admi

nistration or chcmolherapy, thc so called "mainte

nance therapy". Randomized clinical trials evalu

ating the maintcnancc chcmotherapy ror 5 to 7 months 

following 6 months 01· induction chcmothcrapy dc
monstratcd thal. although. thc duration of initial 

treatment rcmission could bc prolongcd, survival 
was not significantly improved by this approach. 

and the treatment was associated with increased 

toxicities duc to thc prolractcd cxposure to chcmo
lherapy.10-'0 

Yct. another mcthod for increasing the intensity 
of chemothcrapy in SCLC is to intcnsify the sche

dule. Studies cvaluating cisplalin, vincristinc. doxo
rubicin and ctoposidc (CODE) have shown high 

response rates (> 90 %) and cncouraging two year 

survival ratcs in paticnts with cxtcnsivc stagc dis
ease. Once again. however. these results havc not 

been conlirmed in a randomizcd study cvaluating 

four drug. high dosc weekly chcmotherapy against 

"standard" altcrnating CAY/PE.15

In contrast to "late intensification" Arriagada et 
al1'' reported recently a study of "initial intensifica

tion" randomized 105 patients to receive a first 

course of either "high dose" cyclophosphamide 
(300 mg/m2) days 2-5 plus cisplatin, 100 mg/1112 

day 2 or "lower dose" of cyclophosphamide 
(225 mg/1112) days 2-5 plus 80 mg/1112 cisplatin on 

day 2. Ali patients received the lower doses of cy
clophosphamide and cisplatin, plus doxorubicin and 
etoposide for course 2 through 6. Thoracic radiation 

was given concurrently in both groups starting with 
the second cycle of chemotherapy. Although there 

was no significant difference in complete response 
rate, the two year survival for the 55 patients who 

received the higher doses of chemotherapy was 43 % 

compared with 26 % for the 50 patients who were 

randomized to receive the lower doses of cyclo

phosphamide and cisplatin for cycle 1 (p = 0.02). 
One possible reason for their positive results was 
that the delivery of higher initial doses of drugs 
early prevented the emergence of chemoresistant 

tumor clones. They suggest that the advantage of 

only a 20 % to 25 % increase in the doses of cyclo
phosphamide and cisplatin may have been that the 

resultant toxicity was not severe, and did not neces
sitate delay of subsequent cycles of standard doses 

01· chemotherapy as may have been the case in other 
trials which evaluatcd the use of much higher doses 

of drugs in cycle 1. 

A meta-analysis of dose-intensity in SCLC in
volving 60 published studies failed to demonstrate 

a correlation between dose intensity of CAV (cyclo
phosphamide, adriamycin, vincristine) or cisplatin/ 
etoposide and response rate or survival for limited 

or extensive stage disease. Furthermore, no consist
cnt corrclation in rclative dose intensity of any indi

vidual drugs and outcome was observed.17

Weekly chemotherapy have not in phase 111-

studies for patients with SCLC demonstrated any 
advantage compared to standard treatment given at 

intervals of three weeks.28· 15 Comparisson of dose

intensity given in weekly programs compared to 
standard programs have shown that weekly delivery 

of myelosuppressive chemotherapy does not allow 
recovery of granulocytcs. However, it is stili too 

early to say whether this approach is significant 

benelicial for patients with SCLC. 

Dose intensity with bone marrow support 

High dose chemotherapy with autologous bone mar

row transplantation ABMT have been studied by 
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severa! groups. The largest studies by Souhami et 
al1' and Smith et al1'1 reported median relapse free 

survival and overall survival similar to those associ

ated with standard chemotherapy approaches. In a 

randomized study of intensive chemotherapy and 

ABMT by Humblet et al"0 they found the complete

response (CP) rate increasing from 39 % to 79 % 
with the intensive post induction chemotherapy. The 

relapse free survival was significantly increased in 

the group as a whole and in a subset of patients with 

limited stage disease. 

A recent study by Elias et al"' has again evaluated 

the effects of intensive chemotherapy with bone 
marrow support in patients with SCLC who were in 

complete or partial response following conventional 

chemotherapy. In this phase II sludy, however, pa

tient selection and consolidative chemotherapy were 

chosen to address some of the prior issues raised 

with earlier lrials. Nineteen patients with limited 
stage SCLC who had achieved a partial or complete 

response to first live conventional dose chemo

therapy were treated with high dose cyclophospha

mide, cisplatin and carmustine with autologous bone 

marrow support and thoracic and cranial radio

therapy. After high dose chemotherapy, 15 of 19 
were in complete response with a one and two year 

survival rate or 73 % and 53 %, respectively. 

The role of colony stimulating factors in small 
celi Jung cancer 

The colony stimulating factors (CSFs) are glyco

protein hormones that stimulate proliferation and 

differentiation of hematopoetic progenitor cells. 

Possible uses for these agents in lhe treatment of 

small cel! lung cancer are lo allow possible dose 

escalation of myelosupressivc chemotherapy agents, 

to protect palients prophylactically from febrile ncu

tropenia prior to standard chemotherapy and to 

speed neulrophil recovery following chemotherapy. 

The effect of prophylactic granulocyte - colony 

stimulating factors (G-CSF) has been studied by 

Crawford et al."2 This randomized placebo control

led study of patients receiving chemotherapy for 

SCLC demonstrated that prophylactic G-CSF can 

significantly reduce neutropenia and infective com

plicalions t'ollowing standard-dose chemotherapy. 

Patients received standard dose cyclophosphamide, 

doxorubicin and etoposide with placebo or G-CSF 

230 microgram/m2 on days 4-17. One or more fc

brile neutropenic episodes occurred in 77 % of the 

placebo group bul in only 40 % of the G-CSF group. 

The duration of neutropenia (neutrophil count < O.S

x 109/ I) was 6 days with placebo and only I day 

with G-CSF. The number and duration of hospital 

admissions were less in the G-CSF group. However, 

regarding tumor respons and survival there was no 

difference in either arm. The side effect mild to 
moderate bone pain was documented in 20 % of 

patients given G-CSF. Another prospective rando

mized tria! was conducted in patients with SCLC 

receiving PE alternating with ifosfamide and doxo

rubicin to determine whether G-CSF could increase 

the received dose intensity 01· weekly chemotherapy. 
G-CSF decreased dose reductions due to neutrope

nia, bul did not result in increased dose intensity

due to non-hematologic toxicities.•J Other studies

have suggested llrnl lhe incidence of neutropenic

fever with standard dose chemotherapy is low (about

18 %) and that routine use of G-CSF in this selting

is expensive and not associated with a cost savings

or therapeutic benefit. ➔➔ In a recently published study

by Bunn et al patients with limited stege SCLC

receiving concurrent chemotherapy and radiation

therapy, patients randomized to receive granulo

cyte-macrophage colony stimulating factor (GM

CSF) had more infections, more days febrile and a

significant increase in thrombocytopenia compared

lo those randomized to no GM-CSF and there was

no benefit in response rates or survival tirne by

using GM-CSF. ➔5

Duration of chemotherapy and treatment of 
progressive tumors 

In the beginning of the chemotherapy era it was 

though lhat more and longer chemotherapy was 

better, and treatment durations of 12-18 months 

was not unusual.2 However, as mentioned earlier

the principle 01· prolonged administration of chemo

therapy in palients who responded to treatment did 

not improve survival.3°· JJ. J•. Jr, The most usual treat

ment duration today is about 6 months, but no ran

domized studies have yet established the most opti

mal treatment duration. Small-cell carcinoma that 

progresses during or arter initial chemotherapy is 

usually refractory to further treatment and is always 

incurable; however, the likelihood of disease re

gression and palliation with subsequent chemothe

rapy in paticnts who have previously responded is 

greater if tumor regrowth is preceded by at least a 

few months of no treatment. 10· "7·"' Chemotherapy
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should therefore be diseontinued after four to six 
months in patients who respond and then resumed 

at relapse if clinically appropriate. Thus, the suc

cess 01· second line chemotherapy is dependent on 

multiple ractors including: 

- the interval hetween cessation or primary the

rapy and the detection or recurrence 

- the nature of the response to primary therapy and

- the composition or the primary chemotherapy.

Long-term survival 

SCLC is an extremely responsive tumor. The intro
duction 01· combination chemotherapy as the princi
pic form for treatment or SCLC led to an increase 
in median survival and suggestion that a significant 
proportion or patients might be cured. Unfortu
nately. the results from long-term survival studies 
indicate that only a small proportion or patients 

with SCLC are cured by current treatment. Souhami 
and Law reported on 3681 cases of SCLC treated in 
major centres in UK and found that only 3 % were 
alive at seven years (3.6 % LD, 1 % ED).49 The
results frorn the clinical trials in the Copenhagen 
Lung Cancer Study Group including 1714 patients 

were comparahle with the results from the UK. The 
rate or 5-years survivors was 3,5 %. Among the 828 

patients with limited disease 40 patients (4.8 %) 
became long-term survivors and 20 or 886 patients 
(2.3 % ) of the ED patients. The 10-years survival 
rale was 1.8 %.;o These results document that pa
tients with small celi lung cancer continue to re
lapse up to and occasionally arter 5 years. 

Beyond 6 years other smoking-related diseases 
become the nu�or cause or death. Particularly chro
nic bronchitis, vascular disease and smoking re
lated cancer. These survival dala although demon
strating the bad long term prognosis of SCLC do 
not indicate that treatment is not worthwhile. Some 

patients. most or them initially presented with lim
ited disease. are cured. However, for the vast major
ity of patients treatment is palliative and for most 
of the patients chemotherapy undoubtedly provides 
effective palliation of symptoms with prolongation 
of short tirne survival. 

New drugs 

Over the past live years a number or new agents 

with activity against lung cancer have been identi-

lied. The relative resistance or SCLC to second line 
therapy has raised a considerable dilema in the 

development of strategies to identify new drugs to 

treat the disease. When new agents are tested in 

previously treated patients. response rates are lower 

than they might be in untreated patients, and it is 

possible that potentially active agents might be 
missed. ldeally new agents should be tested in pre

viously untreated patienls. 

An alternative approach has been to incorporate 
new agent as part of combination regimen or to 

offer new agents to those patients who have not 

received therapy for 3 or more months. 

Ta.wnes 

The taxanes, represenlated by the prototypic agent 
paclitaxel (Taxol) and the semisynthetic analogue 

docetacxel (Taxotere) are the first class of anti
microlubule agents developed since the vinca alka

loids. 

Paclitaxel: has been evaluated in two phase 

11-studies involving previously untreated patients
with exlensive-stage SCLC.;,. ;, In one study pre
liminare published by Eastern Cooperative Oncol

ogy Group (ECOG) 32 evaluable patients were

treated with Taxol 250 mg/m2 intravenously over

24h every 3 weeks. There were no patients with CR.

while PR was found in 11 patients (34 %). How
ever, rurther 3 patients had a greater than 50 %

shrinkage of their disease, but did not have the 4

week follow up which is a requirement of PR. In

another study 37 evaluable patients were treated.

There were no CR's, but 15 patients had PR (41 %).

There are severa! ongoing phase II studies with
paclitaxel. In two recently published preliminary

results from treatment with paclitaxel in combina

tion with cis-platin/carboplatin and etoposide high

response rates were reported_;J. ;4 However, it is too

short observation ror long term results.

Docetaxel: In an EORTC-study, Smyth et al5; 

performed a phase II-tria! of docetaxel 100 mg/m2 

i. v. as a I h-infusion every 3 weeks. Among 27
patients (23 patients had prior treatment) 5 of 18

(28 %) had PR.

The cw11ptotheci11s 

The lopoisomerate I targeting agents represent one 

of the most promising classes of antineoplastic agents 

under development. 

CPT-11 (irinotecan) is a camptothecin derivate 

with greated aqueons solubility than comptothecin . 
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In phase I sludies the principal dose-limiling effect 
on ali schedules has been myelosuppression, but 
non-hcmatologic side e!Tects like diarrhea have avoid
ed dose escaiation. Masuda ct al''' sludied CPT-11 
in 15 previously treated cvaluable patients with SCLC 
and 47 % had a PR. Fujiwara et al;7 evaluated CPT-
11 plus cis-platin in previously untreated patients 
wilh SCLC. Among 18 palienls wilh LD evaluable 
for response there were 4 palients with CR (22 %) 
and 10 PR's (50 %). Among 14 palients wilh ED 
there were 3 patienls wilh CR's (21 %) and 8 pa
lients with PR (57 %). 

Topotecan: is a water soluble complolhecin ana
logue with topoisomerase I-targeling activity. The 
drug's dose-limiting loxicily in phase I-sludies was 
neutropenia and in some cases also lrombocytope
nia. In an ECOG-studi' 41 patients wilh previosly 
untreated extensive disease SCLC were treated wilh 
topotecan 2.0 mg/m2/day i. v. 5 days every 3 weeks. 
PR was seen in 39 % and in a study of Ardizzoni et 
al;" 29 prcviously unlrealcd palienls werc lrealed 
wilh 1.5 mg/m2/day x 5 every 3 weeks and I O % 
had CR and 25 % PR. 

Gemcitahine 

Gemcitabine is a new nucleoside analogue antime
tabolite. In phase l-trials lhe dose-limiting toxicity 
was myelosuppression, mainly trombocytopenia and 
ancmia. In a NCI/Canada sludy''0 gemcilabine was 
evalualed in prcviously unlrealed palicnls. (23 eva
luable) and there was one CR (4 %) and six patienls 
had PR (26 %). 

However. ali the phasc Il-sludies wilh the above 
mentioned new drug have relatively small numbers 
of patienls and fulure approach should be to evalu
ate lhese new drugs in combination wilh lhe other 
active drugs for lhe trealmenl of SCLC. 

Combination of thoracic radiotherapy and 
chemotherapy 

The role of mediaslinal irradiation in the lreatmenf 
of palienls wilh SCLC have been discussed for many 
years. Meta-analyses indicate lhal lhe addition of 
radiotherapy to combination chemotherapy has im
proved survival significantly for the patients with 
Iimited small celi lung cancer." 1 Hovewer, the rand
omized trials that formed the bases for these ana
lyses were from early lhis decade and the previous 
one. Most of the chemotherapy regimens were cy-

clohosphamide/doxorubicin bascd and none of them 
had up front cis-platin based chemotherapy pro
grams. Thus, lhe chemotherapy used in the trials 
are today considered as sub-optimal. The combined 
treatment modality has resulted in excess toxocity, 
which is likely to be related to chemotherapy and 
radiotherapy factors and/or combined modality in
leractions. The mela-analyscs could not establish 
that eilher sequence, concurrent or sequential treat
mcnt was optimal. 

The combination chemolherapy including cis
platin (PI) and etoposide (E) is today the corner
stone of the systemic treatment of patients with 
SCLC. Turisi has rccently reviewed the radiotherapy 
factors and discussed the state of art with the com
binalion of lhoracal irradiation and PE-based 
chemolherapy in relalion to dose of irraditalion, 
volume. fraclion and liming.''2 Most centers today 
are using mediastinal irradiation combined with PE
based chemotherapy regimen as the cornerstone of 
lherapy for patienls with limited SCLC. However. 
bolh local and syslcmic failures avoid the therapeu
tic success. 

While lhe local failures might be reduced by 
more optimal given radiotherapy (better targeting, 
increasing intensily or lota! dose, hyperfractionalion 
etc.) the toxocily, especially esophagittis is stili a 
significant problem, bul lhe systemic failures as 
well is a documentation 01· the need for a better 
systemic treatment. 

Treatment of brain metastases 

While the brain was thought to be a sancluary site 
in the chemotherapy of SCLC for many years, this 
concept has been changcd. Severni studies have 
demonstrated a high response rate on the initial 
brain metastases when treated with chemotherapy 
alone, and whcn evaluated by subsequent. CT-scans 
the response rales in thc brain is similar to the 
response rates extracranially.''' Thus, lhe treatment 
stralegy today for patients who present with brain 
metaslases in the initial phase 01· the disease course. 
is syslemic treatment with lhe same chemotherapy 
as used for extracarnial disease. 

However, lhe treatment of brain metastases diag
nosed during chemotherapy is not quite clear. At 
that stage the tumor might not be sensitive to the 
given chemotherapy and the treatment strategy must 
depend on severa! factors: 1. Are the extracranial 



C/Jemotherapy o(small celi lung cw1cer 201 

disease under control 2. Can the symptoms be con
trolled by steroids alone? and 3. What is the pa

tients perrormance status and prognosis'1 

I f the extracranial disease is under control on 

chemotherapy and/or radiotherapy cranial irradia
tion seems reasonable. However, if the patient de
velop brain metastases and have progressive dis
ease outside thc brain only symptomatic treatment 

with steroids seems reasonablc. 

Prophylactic cranial irradiation 

Brain metastases is a serious clinical problem in 

patients with SCLC. Thc brain is a frequent sitc of 

metastasis and is clinical evident in about I O%, of 
patients at tim of primary diagnosis and dcmons
trated in about 50 % of thc patients at tirne of au
topsy.1'4 

The possibility 01· using prophylactic cranial irra

diation (PCI) in the managcment or SCLC paticnts 
was suggcsted alrcady in 1973,''' bascd on an carly 

prediction of an incrcase in thc incidence of brain 
metast,\ses with increased survival. However, stili 
in 1995 this question is not completcly solved. The 
topic has rccently been revicwcd in details else
w here. '''' 

Until now there has not been demonstrated any 
significant impact of survival - not cithcr for pa

tients who reccivc CR on systemic treatment by 
using PCI. 

The problem with the publishcd studies has been 
the small number of patients with CR availablc for 

the PCI-studies and thc Jack or randomization. Cur

rently, thcre are some ongoing multiccnter trials. 

which hopefully will includc large enough number 

of patients to obtain su!Ticient statislical power to 
detect a potcntial survival benefit by using PCI. 

Presently, it is general agreemcnt that PCI is not 
justified in palients who are not in CR. The answer 

whether PCI should bc given recommended rou
tinely to patients in CR or not has to awail thc 
ongoing trials. 

Future strategy in the treatment of SCLC 

During thc past 10-15 ycars thc trcatmcnt of SCLC 

has improved and thc cxisting chcmotherapy with 
or without thoracic radiotherapy are capable of ef
fecting marked prolongation 01· survival, especially 

for patients presenting with limited disease with a 
median survival close to 20 months, 2 years about 

40% and occasional cures. However, further re

search is needed to improve especially the systemic 

trcatment. Howevcr, conventional chemotherapy 

with well known cytotoxic drugs in different com

binations have not made a breakthrough in the treat
ment of patients with SCLC. Therefore, future in

vestigations have to focus on severa! new areas 

including. 1. new drugs prefereably with novel mc
chanisms of action. 2. Modulations of drug resist
ance. 3. 

Biological therapy, 4. Gene therapy and 5. Pre
vention of secondary malignancies (chcmopreven

tion). 

New drugs are discussed above. Of special inter
est would be to test the new drugs in combination 
with thc well known drugs with verified effect in 
SCLC. There are ongoing studies for patients with 
extensivc SCLC using sequential treatment 01· To

poisomcratc I and II inhibitors.''7 

Dcspite the fact that most of the SCLC tumors 

are chemosensitive the major obstacle is the drug 

resistancc. Thcrc are severni mechanisms by which 

SCLC tumors become resistent of the cytotoxic agents. 
The presence of p-glycoprotein does not appear to 

be common in SCLC.'''· ,,,, Nevertheless, p-glycopro

tcin inhibitors should be included in the future in
vestigational strategy of therapy as well as strate

gies designed to alter the topoisomerase leve!, which 
play an important role in the DNA replication and 
repair. Rccently, bcl-2 transcripts and protein have 
becn round to be expressed in 5/6 SCLC celi lines,70

and transfcction 01· bcl-2 into a SCLC celi line has 
shown to increase chemoresistance.71 These mecha
nisms are furthcr studied and might be included in 

the ruture treatrnent strategy. 
It has been known for many years that SCLC is 

associated with production of severa! peptide hor
mones, which function as autorine growth factors 
such as gastrin releasing peptide (GRP), insulin
like growht factor (IGF-1 ), transforming growth fac
tors (TGF-beta) and severa! others.72 Monoclonal 

antibody to GRP has in a preliminary study shown 
to give completc responsc in a patient with SCLC,7> 

and carly clinical studies with other peptide anti

gens, i.c. somatostatin analoguc are ongoing. 
Mutatiton or the gene p-53 have been found in 

virtually and small celi lung cancer celi lines and in 
most of the tumors from the paticnts, and more than 

half of SCLC celi lines fail to express retinoblas

toma gene protein product.72 Correction of these 
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abnormalities through gene therapy might play a 
role in the future strategy. 

As previously menlioned a high percentage of the 
long-term survivors from SCLC develop a second
ary malignancy, most often a tobacco-related can
cer.'0 Therefore, chemoprcvention studies are war
ranted in the long-term survivors of SCLC and on
going studies with relinoid acids for patients with 
Jung cancer seem promising.70 
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Prognostic value of staging laparotomy in supradiaphragmatic 

clinical stage I and II Hodgkin's disease 

Marjeta Vovk, 1 Tatjana Šumi-Križnik, 1 Marija Jenko-Fidler, 1 Gabrijela Petrič
Grabnar, 1 Marinka Kremžar, 1 Janez Novak, 1 Mojca Senčar, 1 Branko Zakotnik, 1 

Alenka Vodnik-Cerar, 1 Branimir Jakšic2 
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/11 the period 1974-1989, 219 patie11ts with supradiaphrag111atic cli11ical stage I and II Hodgkin 's disease 
were treated at the !11stitute c!f' Oncology i11 Ljub(jana; c�f' these 95 (43 %) patie11/s underwent staging 

laparotomy. Of laparotomized patie11ts, those with palho/ogical stage III-IV, and of non-laparotomized, those 

,vit/z wifc1vorable prognoslic factors ( B-sy111pto111s, bulky 111ediaslinw11) received chenwtherapy: lhe remai11i11g 

patients were /reated by irradiatio11. No statistica/ly sig11ifica11t dijference in the survival and disease�fi·ee 

sw11ival betwee11 laparoto111iz.ed mul 11011/aparoto111ized patients could be found. 

Key words: Hodgkin's disease; staging laparotomy; prognostic value 

Intrnduction 

Staging laparotomy (SL) is the most accurate albeit 

agressive diagnostic method for the verification of 

subdiaphragmatic spread of Hodgkin's disease (HD). 

There is a considerable controversy of opinions as 

to when and whether this method is indicated at ali. 

The present retrospective study is aimed to assess 

whether SL had any impact on survival (S), disease

free survival (DFS) and treatment modality used in 

patients with supradiaphragmatic clinical stage (CS) 

1-11 HD .

Patients and methods 

Our rctrospcctive study was carried out on a series 

of 219 adult patients with supradiaphragmatic HD 

CS 1-IL who underwent lhcir primary treatment at 

the Institute of Oncology in Ljubljana in the period 

Corrcspondcncc to: Ma,jcta Vovk, M. D„ M. Se., Institute

of Oncology, Zaloška 2. 1105 Ljubljana. Slovenia. 

UDC: 616-006.442:616.38 l-089.85 

from January 1974 to December I 989. Their age 

ranged between 15 and 82 years (mean 36 yrs); 

there were 1 I O males and 109 females. In ali the 

patients the diagnosis was confirmed histologically. 1 

Preoperative evaluation comprised a complete hi

story, physical examination, routine laboratory tests, 

chest X-ray, bone marrow biopsy, and in the major

ity of patients also pedal lymphography, Ga-scinti

scan of the whole body and computer tomography 

and/or ultrasonography of the abdomen. Stage was 

determined according to Ann Arbor classification.2

Bulky mediastinal disease was defined as the tar

gest transverzal diameter exceeding one third of the 

transthoracic diameter at the leve! of the 5th and 

6th thoracic vertebral body. 

Candidates for SL were nor selected at random. 

SL consisted of splenectomy, wedge and needle 

biopsy of both !iver !obes, biopsy of multiple lymph 

nodes, biopsy of ali lymph nodes that appeared to 

be involved with disease or involvement was sus

pected on lymphangiogram, bone marrow sampling 

and appendectomy. An oophoropexy was performed 

in premenopausal women. Metalic elips were placed 

at biopsy sites. 
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The following treatment approach was selected 

(Figure l ): Laparotomized patients with pathologi

cal stage (PS) 1-11 were treated by radiotherapy 

(RT), patients with PS III-IV by chemotherapy (ChT) 

+/-RT. In non-laparotomized patients the treatment 

approach was selected according to the following 

prognostic factors: patients with B-symptoms and/or 

bulky mediastinum received ChT +/-RT while the 

remining ones were treated by RT alone. Subtotal 

nodal irradiation (STNI) was almost always 

(81 /115) the RT field eh osen for patients treated 

only by RT. ChT used was one of MOPP-like or 

MOPP/ ABV-like schemes. In ChT +/-RT group of 

patients almost ali (98/104) were treated by ChT 

and RT. 

cs 1-11 (2 19) 

/ �
Laparotomized (95) 

1 1 

PSl-11(63) PSIII-IV(32) 

1 1 
RT(49) ChT+/-RT 

(14 + 32=46) 

No11 Laparotomized ( l 24) 

/ \ 
No UPF UPF 

1 1 

RT(66) ChT +/-RT(58) 

CS = cli11ical stage PS = pathological stage 
RT = radiotherapy ChT = chemotherapy 
UPF = u11favorable prog11ostic factors 

Figure l. Hodgkin 's disease with cli11ical stage l-11 (n = 2 19): 
Treatme11t approach. 

Follow up ranged from 4 to 205 months, median 

64 months. Survival was defined as the lapse of 

time from the onset of treatment to death, or to the 

<late of last follow-up examination. Ali deaths re

gardless the cause have been included. Disease-free 

survival was defined as the lapse of tirne from the 

onset of treatment to the <late of the first recurrence. 

Complete response was defined as disappearance of 

all symptoms and measurable changes; partial re

sponse was defined as disappearance of measurable 

changes by > 50 %; progression as an increase in 

measurable changes by > 25 % or appearance of 

new sites; unchanged conditions denoted responses 

that could neither be delined as a partial response 

nor a progress. 

Statistical analysis was done by means of BMDP 

statistic program.1 Survival (S) and disease-free sur-

vival (DFS), as well as differences in the survival of 

laparotomized and nonlaparotomized patients were 

shown and analysed using the Kaplan-Meier me

thod and log-rank test.4

Results 

SL was performed in 95 ( 43 % ) of 219 patients with 

CS 1-11, while the remaining 124 (57 %) did not 

undergo laparotomy. 

The laparotomized and non-laparotomized groups 

were homogeneous with respect to the clinical pro

perties (Table 1 ), including some well established 

prognostic factors; the only difference noted was 

related to age: among those older than 60 years 

there were 6 laparotomized and 21 non-laparo

tomized patients, of these l O were older than 70 

years. 

Table l. Hodgkin's disease with clinical stage 1-11 (n = 
2 19): Clinical features. 

Non laparotomized 
Clinical features (11 = 124) 

11 
Sex 
1iiales 59 
females 65 
Age (yrs) 
range 15,4-82,8 

Laparotomized 
(n = 95) 

11 

5 1  
44 

15,3-63,4 

p 

NS 
NS 

medium 39,9 32,4 0.0004 
Histology 
LP/NS 86  55 
MC/LD 30 35 
unclassified/cytology 8 5 
B symptoms 14 9 
Stage 

39 3 6  
II 85 59 
Mediastinum size 
bulky 17 13 
undefined 1 6  10 

LP/NS = Lymphocyte predominant/Nodular sclerosis 
MC/LD = Mixed ccllularity/Lymphocyte depleted 

NS 
NS 
NS 
NS 

NS 
NS 

NS 
NS 

The survival and disease-free survival of laparo

tomized and non-laparotomized patients were com

pared irrespective of the treatment method used; no 

statistically significant difference could be estab

lished (Figures 2 and 3). 

Further on, we analysed S and DFS of laparo

tomized and non-laparotomized patients treated by 

radiotherapy alone. Both groups were found to be 
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homogeneous regarding prognostic factors and did
not differ from each other as to the S and OFS
(Table 2). The same applies to ChT +/-RT treated
patients (Table 2).
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Figure 2. Hodgki11's disease with clinical stage 1-11: Sur
vival - laparotomized (59): 11011 laparotomized ( 124).

100 

,,.e o 

f 50 
"' 

..C 
o L. 

o.. 

, x2= 2,571 '-1.Ct; p "' O, 1088 
�,. __ _ 

••-:.\..-_,,li. •••••• ••••-•

......... lap 
--nonlap 

�--

\.,. •• '1 ••.•••••••• 
;_,,, ..•.......... 

o ,.___ __ __,_ ___ __.__ __ __,__

o 5 10 15 

Years 

Figure 3. Hodgki11's diseasc with cli11ical stage 1-11: Dis
ease free survival: laparotomized (59) : 11011 laparotomized
(124).

Table 2. Probability of I O yrs survival (S) a11d disease free
survival (DFS) by treatme11t approach - laparotomized
11011 laparotomized.

RT 

Lap.(49) Nonlap.(66) p 

DFS 55 'Yo 75 %,
s 88 %, 78 %,
RT = radiotherapy 
ChT chemotherapy

NS
NS

ChT+/-RT 

Lap.(46) 

64%,
68 %

Nonlap.(58) p 

74 'Yo NS 
57 % NS

Discussion 

SL was used with the aim to identify those patients
in whom radiation treatment would be effective
enough to avoid chemotherapy. The laparotomized
patients were treated according to the outcome of 
SL, while non-laparotomized ones received treat
ment with respect to the prognostic factors. It should
be expected lhat the laparotomized patients have a
better OFS and S in respect to non-laparotomized
patients because of the exact staging. The results of
our study, however, failed to confirm these expecta
lions: (1). The laparotomized patients generally
started with their first treatment a month later,5
which is consistent with othcr reports.'' (2). The
number of patients receiving ChT in both groups
was approximately the same (Figure 1). (3). It is 
essential, however, that no statistically significant
difference in survival and disease-free survival could
be established between the laparotomized and non
laparotomized patients (Figure 2 and 3). Review of 
the available literature has shown that other authors
in their prevailingly retrospcctive and non-ran
domized studies also failed to prove any statisti
cally significant differences in the survivaF-11 and
OFS of both groups.7•9• 111 There are only two excep
tions: while the first report claims OFS of laparot
omized patients to be longer8

, the second one finds
it to be shorter.11 (4). No stastically significant dif
ference in S and OFS could be established even 
between very comparable groups of patients in our 
study. These were patients without unfavorable
prognostic factors treated only by RT: nonlaparot
omized (n = 66) and laparotomized, PS !-II (n = 49)
(Figure 1, Table 2). Second to our opinion, no sta
tistically significant difference in S and OFS be
tween these two groups could be established be
cause both groups were almost always treated by
STNI which involves also lymph nodes of the upper
abdomen and spleen, which are the most common
localisations of HO in the abdomen in supradia
phragmatic CS l-11 HO patients.5 Therefor we eould
conclude that if STNI is used there is no need for
SL in patients with CS 1-II without unfavorable
prognostic factors?

The drawbacks of our study are obvious: ( 1 ). The
decision for SL in CS 1-II was not randomized; (2).
Oue to the inconsistency of the attending physi
cians 2 2  % (1 4/63) patients with PS 1-II received
ChT for having one of the unravourable prognostic
factors and thus unf'ortunately paid a double price
by having undergone bolh SL and ChT (Figure 1 ).
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But in spite of that and regardless the acceptable 

morbidity and non-existent mortality', the obtained 
results are not in favor of the continuation of SL 
practice at our institute, sincc our laparotomized 
patients do not seem to have drawn any benefit 

from it in comparison with non-laparotomized pa
tients. 

In view of the mentioned facts, indications for SL 
become questionable. We tried to find a solution to 

this problem in the literature, but it turned out that 

the question was too complex to be answered by 
simple "yes" or "no", and requires consideration of 

ali pros and cons. 

A,gwnents in fClVOr r�f' Sl 

( 1) Despite new and more accurate diagnostic in
vestigations, SL stili remains the most precise me
thod for diagnosis of subdiaphragmatic HD. Only

splenectomy with histological examination enables

exact evaluation of spleen involvement. Despite nor

mal clinical findings, at least one forth of HD pa
tients presents with spleen involvement, while only
a half of those with clinically suspicious involve

ment actually have HD in the spleen. Using stan
dard investigations, it is difficult to detect lym

phoma in the upper abdominal lymph nodes which

cannot be imaged by lymphography. SL is able to
explain suspicious lymphography findings. Although
HD involvement in the !iver is rare, exact diagnosis
is possible only by laparotomy-based biopsy.

(2) Splenectomy decreases the risk of irradiation
damage to the kidney and lung base on the left as 

well to the heart. 

(3) Oophoropexy helps to prcscrve fertility in

women requiring irradiation to the pelvis. 
(4) SL enables the selection of treatment accord

ing to the outcome, so that many patients can be 

spared unnecessary ChT or on the other hand ChT 
is not omitted in those patients who need it. 

Argu111e11L1· ClgClinst Sl 

( 1) SL-related morbidity and mortality; although

the former is acceptable, and the latter mre in cen

ters with adequate experience.
(2) Lilc-long risk of sepsis due to splenectomy.12-17

(3) A higher incidence of acute myeloblastic leu

kemia al'ter splenectomy in patients receiving MOPP 

ChT."· ''' 
(4) At least one-month delay in treatment begin

ning.5· '' 

(5) In the case of recurrence after RT alone, the

patient can stili be cured with ChT +/- RT.7· 20

(6) Knowledge of prognostic factors can help us

to identify at least 20 % of patients with CS 1-11 

who require either ChT or a combined therapy.7· 21

(7) Knowledge of clinical properties can be used

to assess the risk of HD spread in the abdomen. 22-2"

Conclusion 

From ali the above mentioned it is clear that SL is 

a diagnostic and not a therapcutic procedure. Ali 

authors are consistent in their belief that it is indi

cated only when the method of treatment depends 

on SL outcomc,"· 22-25· 27 which means that candi

dates for RT, i.e. therapy with less short-term and 

long-term side-effects than ChT, are selected on the 

basis of SL results. Certainly it is not justified in 

patients with > 50 % recurrcnce rate after RT 

alone.27 It is also not sensible when ChT is planned

regardless the SL outcome, "· 2•· 25· 27· 2' which is the

case in patients with a huge mediastinal tumor mass, 

numerous E sites, and CS 111
2
A and IIIB or IV. 

Further, SL is not indicated in patients with CS 1-11 

and a low risk of positive laparotomy since in such 

cases RT proves to be sufficient.22· 2.i-
2,, In the present

paper only some general guidclines have been gi

ven. It cannot be prescribed whether in patients 

belonging to either of the two groups SL should be 

used or not, and which trea�ment modality should 

be selected. There are great variances between dif

ferent centers as to the availability and quality of 

diagnostic procedures, as well as to the quality of 

SL and competence of their diagnostic & therapeu

tic teams. Therefore, in every individual center in

dications for SL can be determined and treatment 

approach selected only after ali the above men

tioned conditions have been carefully evaluated, and 

ali arguments for and against SL considered, taking 

into account the risk vs. benefit for the patient. 
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Advantages and disadvantages of hormone replacement therapy 

Sonja Bebar and Marjetka Uršič-Vrščaj 
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In the developed co11ntries, more Ihan 30 % c!f'female pop11/a1ion is in the post111enop11sal period of lheir lif'e. 
Approxi111ately one third of' these presen! with severe clinical 111enopa11sal sy111pto111s, .rnch as hot f/11shes, 

sleeplessness, night sweats, mul depression. Many wo111en search medica/ help. By means cif' hormone 

replacement thempy ( HRT), these pmblems can be either completely eliminated or alleviated in 90 % of' 

women. The .\'[(Sjiected association bet1veen HRT and ris k c;f' carcinoma sho11/cl not be ignorecl, howeve,: White 

estrogen.1· in c:ombination with pmgestogens exert a protective e.ffec against ovarian ancl endometrial 

carcinomas, a possihle correlation between HRT mul breasl cancer has not heen .fi.11/y explained yet. 

Nevertheless, some p11blished reports have indicatecl a slightly increased risk of' hreast cwzcer qfier a 

prolonged use ci/' HRT. 

Key words: estrogen; replacement therapy 

Is 111enopa11se a pathological or physiological conclition? 

In endocrinology, the cessation c�f' ovarian fwzction is the 

only sitlltation where replacement of' lacking hormone.1· is 

Menopause 

By definition, menopause is the last menarche in 

woman's life. which means the end of her fertile 

period. In the developed countries it occurs at about 

50 years of age. Since a healthy woman is expected 

to live for another 30 years, the postmenopausal 

period is relatively long. 1 Considering the fact that 

life expectancy of female population has been in

creasing steadily in this century, certain changes in 

morbidity and mortality can be expected in this 

population group. 

The cessation of' menstruation occurs duc to ova

rian disjunction. The duration of their activity is 
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not a se(fevident acl. 

W. Craesman

dctermined by gcnetic factors as well as by the 

number of primordial follicles. In the fertile period 

the ovaries comprise approximately 7 million folli

cles. Their numher starts to decrease before hirth 

and continues to do so even more rapidly after it. 

The process ends with atrophy of the ovaries which 

ccase to produce cstradiol, the most potent estro

gen; only a minimal quantity of androstendione is 

being relcase instead. In the peripheral tissues, this 

can be converted into estrone through aromatization 

process, while a small quantity is converted into 

estradiol. With respect to the premenopausal pe

riod, in postmenopause the rate between estradiol 

and estrone changes in favour of estrone which is a 

weak estrogen. The diminished secretion of estra

diol and progesterone lead to changes in hypotha

lamic and hypophyseal function. Uncontrollable re

lease of high GnRH values stimulates the fronta! 

part of hypophysis to FSH and LH secretion. 
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Postmenopausal symptoms occur due to hormo
na! changes. Approximately one third of women 
will be free of any complaints, 35 % have minor 
symptoms that can be easily endured while in 30 % 

of women the severity of complaints requires medi
ca! attention. 

Generally, acute symptoms occur a few months 
prior to the onset of menopause. These include va

somotor symptoms, slecping disorders and psycho
logical problems. The most frcqucnt complaints oc
curring a result of vasomotor instability are hot 
tlushes, night sweating, palpitations and headaches. 

Pathophysiology of vasomotor symptoms has not 
been fully explained yet. Most probably they should 
be ascribed to hypothalamic termoregulatory mecha

nism disorders. The vasomotor symptoms persist 
for more than 5 years in 25 % of women, while in a 

small group they can even last for the rest of life. 
Various epidemiological studies havc shown that 

women between 45 - 50 years of age are more 

prone to depression than males. It has also been 

proved that depression symptoms are encountered 
less frequently in females who are maintained on 
estrogen replacement therapy after ovariectomy.' 
Other authors support the theory that depression 
associated with menopause occurs because of hot 

tlushes and other difficulties. 

The symptoms that occur later includ changes in 

the urogenital tract. Arnog these, dry vagina, dys

pareunia and atrophic vaginitis are most disturbing. 
Local atrophy is one of the causes of urethral syndro
me, which manifests itself with dysuria and fre
quent urination without evidence of urinary tract 

infection. 
Chronic changes becorne evidcnt a few years af

ter the menopause. They include osteoporosis and 
cardiovascular disorders. Osteoporosis is character
ized by a gradual decrease in bone density and 
altered microarchitecture of bone tissue. As a re

sult, the bones become f'ragile and compression 
fractures of the vertebral bodies. as well as frac
tures of the neck, femur and wrist are rather com
mon. 

Cardiovascular diseases are the leading cause of 
death in postmenopausal female population. After 
the menopause, the levels of cholesterol in blood 
tencl to increase. Low HDL and high LDL and VLDL 

values are associated with an incrcased risk of car
diovascular disorders which are described as athe

rogenic lipid profile.' 

Ali the described changes can be either dimin

ished or prevented by the use of hormone replace-

ment therapy (HRT). When choosing canclidates for 
hormone replacement therapy ali the advantages of 
such treatment should be weightecl against its 

possible drawbacks. Tlms, HRT is considered suit

able in women with eviclent symptoms of estrogen 
shortage, as well as in those with risk factors for 

osteoporosis and in those with familial history of 
cariclovascular disorders. HRT is introducecl immc
diately after the cessation of ovarian function or 
even in premenopausal period - on the occurrence 

of problems. The medications used should contain 
minimal doses of estrogen. Conjugated equinous 
estrogen or estrogen sulphate can prevent the onset 
of osteoporosis already at a dose of 0.625 mg. Estro

gen is combined with progesterone for 10-14 days 
per month cycle.4 Women, who stili have the uterus, 

should receive combined estrogen-progesterone 
preparations, while those without it, can be given 
estrogen alone.5 Prior to the introduction of HRT, 
potential recipients should undergo a thorough gyne
cological check as well as clinical examination of 

the breast and mammography. 

Advantages of HRT 

The replacement of sexual hormones in menopause 

has severa! advantgates. It can significantly reduce 
the vasomotor symptoms and psychogenic prob

lems. The urogenital symptoms gradually disap

pear. The risk of cardiovascular diseases is decreas
ed by 30-70 % while an already existing coronary 
disease is associated with a longer survival. The 
positive effect is increased by years of HRT use." 
Exogenous estrogen inhibits bone resorption and 
recluction of bone density, this effect being most 

beneficial in the first 5 menopausal years when the 

loss of bone mass is most rapid. It has been proved 

that 5 years of continuous estrogen use can protect 

women against osteoporosis related bone fractures.7 

The results of Harvard Nurses Health Study have 

shown that women with surgery entailed menopause 
who were receiving HRT had significantly less car
diovascular disorders than those without 
postoperative HRT.8 

HRT and carcinomas 

White estradiol and estrone induce the epithelial 

proliferation, progesterone and the end product of 

estrogen metabolism reduce the proliferative effect 
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of estradiol and estrone. Progesterone protects the 
organism against hyperstimulation by decreasing 
the leve! of nuclear estrogenic receptors, as well as 
by inhibiting the conversion of androsterone into 
estrone and thus reducing the number of mitoses. 
Moreover, it potentiates the activity of 17-B estra
diol-dehydrogenase whic changes estradiol into the 
les s active estrone. 1 

Breast cancer 

In the developed countries. breast cancer in post
menopausal period is the most frequent cancer in 
females. lts incidence increases by advancing age. 
Therefore. possible influence of estrogen on the 
onset of breast cancer deserves our full attention. 
Nevertheless, despite numerous studies, the asso
ciation between HRT and breast cancer risk has not 
been thoroughly clarified yet. There is a great num
ber of epidemiological studies concerned with this 
pressing issue. However, more than 20 case-control 
studies and 4 cohort studies report inconsistent re
sults with either increased or decreased relative risk, 
or no effect at ali.'' Comparison of the results is 
difficult and unreliable due to the fact that estrogen 
alone was used as HRT in a majority of large series 
studies. while in some others HRT consisted of a 
combination of estrogen and progesterone. Also, the 
number of cases in individual studies was different, 
and so was also the duration of treatment. Incon
sistency of the results obtained is therefore more 
than obvious. 

Some of the published reports claim that the risk 
of breast cancer development increases by the dura
tion of HRT use. and that the relative risk (RR)

increases to 1.5 after 20 years of therapy. The re
sults of a Swedish cohort study refer to 23000 
women followed up for 5-7 years. RR was found to 
have elevated to l. l. After more than 9 years of 
HRT use RR increased to l. 7. "' 

So far. we can conclude that the epidemiological 
<lata obtained lili now. fail to point out a clear 
correlation between HRT and the onset of breast 
cancer.11 

The question remains. whether HRT is indicated 
in women with familial history of breast cancer. A 
presumably higher risk should be associated with 
the occurrence of breast cancer in the premenopau
sal period. After the menopause, the risk for ali 
women of the same age group remains the same. It 
is believed that the risk of breast cancer in women 

with familial history is not associated with the use 
of HRT.7 Therefore, in the postmenopausal period 
there is no specific group of women in whom the 
use of HRT would be contraindicated. 

EndometriaI carcinoma 

In the middle of the 70's, there were severa] studies 
published which reported an association between 
the use of estrogen and an increased relative risk of 
endometrial carcinoma. After 5 years of therapy 
with estrogen alone. the RR amounted to 4. l, while 
after l O years of usc it increasecl to l 1.6. Those clata 
appeared rather alarming. ancl as a result, they 
started to combine estrogen with progesterone. It 
was found that the addition 01· progesterone in the 
duration of 12-14 days per month can complctely 
inhibited the development of cystic and adeno
matous hyperplasia, and RR for endometrial carci
noma decreased to 0.2-0.4. 11· 11 These results were
derived from a large number of clinical and epide
miological studies. 

Ovarian cancer 

Few case-control studies were published on possi
ble correlation between HRT and ovarian carcinoma. 
In a majority of these the corrrelation coulcl not be 
confirmecl. while some authors report on a mini
mally increased risk associated with long-term use 
of HRT. Furhter studies are required to provicle an 
answer to this question.11

Gastrointestinal cancer 

According to some epidemiological stuclies, some 
reprocluctive factors may play a role in the etiology 
of colorectal carcinoma. Estrogen ancl progesterone 
receptors were found in normal as well as carcino
matous epithelial cells of the colon. 

There were 15 studies publishecl on the correla
tion between HRT and colorectal cancer. Based on 
the <lata obtainecl. it can be concluded that HRT 
does not represent a risk factor for the development 
of colorectal cancer in females. Some authors have 
even manged to prove a protective effect of HRT. 1• 

Estrogen receptors can also be founcl in a certain 
proportion of gastric cancer. Nevertheless, there is 
no evidence that sexual hormones would play any 
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role in gastric carcinogenesis. There is no inforrna

tion available on a possible correlation between 

HRT and gastric cancer. 

Conclusion 

The use of HRT in postrnenopause decreases the 

rnorbidity and rnortality of caridovascular diseases. 

It alleviates thc rncnopausal syrnptorns and pre

vcnts the onset of osteoporosis. 

In hysterectomized womcn estrogen therapy with
out the addition of progesterone is sufficient, while 

in theose with the uterus prcserved, estrogen should 

be given in combination with progesterone. 

In conclusion. we believe that the favorable ef

fect of estrogen on the morbidity and mortality of 

cardiovascular diesases outweighs the potential risks. 

Presently, we Jack su!Ticient data which would en

able us to identify the group of patients in whom 

the use of HRT would entail a potential risk.15 

HRT should not be regarded as an elixir of eter

nal youth and the solution of ali menopause-related 

problems. It is not well tolerated by every woman 
and it is not completely free of any danger. Many 

women cannot benelit from it owing to the fear of 

adverse side etfocts. 

While the doctor is the one who should inform 

the woman on the effects. advantages and potential 

risks or HRT. the woman herself should decide 

whether to use the suggested therapy or not. 
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Differential diagnosis between bone metastases and osteomalacia 

Branko Zakotnik , Simona Borštnar, Tadeja Movrin , Breda Jančar, Andreja Zidar 

The Institute of Oncology, Ljubljana, Slovenia 

In oncology the diagnosis c!
{ 

skeleta/ metastases is a fi-equent one, in fact so _fi-equent that other diagnoses 

.meh as metabolic bone diseases qffecting patients with cancer may be overlooked. In our report two cases of 

osteomalacia referred to an oncologist are presented; in both of them the diagnosis of d(ffuse bone 

metastases c!( unknown origin was suspected. The d([ferential diagnosis is discussed and the i111portance of 

bone marmw biopsy using Yamshidi needle .fiJr diagnosis r�f metabolic bone disease is emphasized. 

Key words: bone neplasm-secondary, osteomalacia, diagnosis, difTerential 

Introduction 

Bone metastases represent 60-65 % of malignant 

lesions in the bones. They are oftcn thc 11rst mani

festation of malignant diseasc and somctimes the 

primary site of malignancy remains unknown. The 

spine and pelvis are most often affectcd, lesions 

distal to clbows and knees are rare. Malignancies 

most often associated with skeleta! metastases are 

lung, breast, prostate, renal and thyroid cancer. 1 

The diagnosis is usually established with the help 

of history (pain), clinical examination (painful suc

cussion, altered mobility, deformities due to patho

logic fractures), laboratory tests (elevated serum 

alkaline phosphatase, sometimes serum calcium), 

X-ray 01· the skeleton (osteolytic, osteoplastic, os

teolytic-osteoplastic lesions, pathologic fractures), ske

leta! scintigrafy and sometimes CT and MR. 

Osteo111alacia is a disease due to pathologic loss 

of mineralized bone.2 Becausc of a low serum cal

cium concentration a substantial part of the bone 

matrix is not normally mineralized. The density of 

the bone is tlrns diminished, which leads to bending 

of bones and pathologic fractures. 

Clinical conditions associated with osteomalacia 

are: 
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1. Deficiency of vitamin D (dietary absence of
vitamin D or inadequate exposurc to sunlight) 

2. Diminished absorption of vitamin D (diseases

of the bile ducts, diseases of proximal part of the 

small bowel, exocrine pancreatic insufficiency, gas

trectomy) 
3. Disorders of vitamin D metabolism (!iver dis

eases, drugs that activate hepatic oxidative enzymes, 

resistance to vitamin D) 

4. Kidney disorders (loss of phosphates)

5. Chronic use of large amount of antacids con
taining Mg and AI, which form with phosphates 

insoluble complexes 

Osteomalacia usually presents clinically as bone, 

joint and muscle pain and fatigue. 
Beside the medica! history and clinical examina

tion the most important diagnostic procedures for 

osteomalacia are laboratory findings (low values of 
serum calcium and phosphates, elevated serum PTH 

and later alkaline phosphatase) and aspecific and 

specific x-ray changes of bones. 

Case histories 

Case l 

A 47 year old woman was admitted to our Institute 

with a diagnosis of bone metastases of unknown 
origin. 

She was a smoker for severa! years and 16 years 

ago a diagnosis of Biirger's disease was established. 
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She had diabetes mellitus regulated with diet and 
oral therapy. and angina pectoris. 

Two years previously she noticed pain in her legs 
when walking which became so severe that for half 
a year she could only move around in a wheelchair. 

On clinical examination. she was found to have 
pale skin. ataxia. dextroconvex scoliosis of thoracic 
spine. painful spine on succussion. muscular weak
ness of ali muscles 01· the lower extremities. 

The laboratory tests revealed a normocytic normo
chromic anemia Hb 81 g/1 (normal 120-180 g/1), el
evatcd chlorides 1 1 O mmol/1 (normal 95-105 mmol/1), 
elcvated alkaline phosphatase to 4.32 ;tkat/1 (nor
mal 0.50-1.50 ). lowered serum phosphatc 0.7 mmol/1 
(normal 0.8-1.4 ) and serum calcium to 1.7 11111101/ l 
(normal 2.10-2.60). Ali other laboratory parameters 
(biochemical. protein clectrophoresis ) were within 
normal limits. 

On skeleta! X-ray. the spine showed structural 
atrophy (osteopenia ). In the pelvis and ribs numer
ous fractures in the area of Looser zones were seen. 

We performed a bone marrow biopsy of spina 
iliaca posterior superior with a Yamshidi needle. 
Histologically the bone marrow aspirate was within 
normal limits while bone tissue showed osteomala
cia (Figure 1 ). 

Figure l. Trabccular bone or paticnt with osteomalacia. 
Wide osteoid seams cover trabecular surfaccs without in
creased numbers or osteoclasts. 

We concluded that the changes in the bone were 
duc to ostcomalacia and not to bone mctastases. 
Thc patient was refcrred to an endocrinologist for 
further invcstigations and treatment. At follow up, 
after three years. her symptoms lessened and other
wise shc was doing well. 

Case 2 

A 72-year old woman was referred to our Institute 
with a diagnosis of diffuse skeleta! metastases. A 

partial resection of her stomach (Billroth II) was 
performed 37 years ago for unknown reason. She 
was treated 13 years ago with radioactive iodine 
because of goiter. At recent follow-up examination, 
she had no problems related to thyroid. 

Her main complaint was pain in her hips, spine, 
legs and thorax for two years which worsened with 
weather changes. 

Clinical examination showed I x I cm elastic lump 
in the right breast; the mobility in the left hip was 
painful and limited, she was limping. 

Pathologic laboratory findings were as follows: 
elevated serum chlorides ( 107 mmol/1), elevated al
kaline phosphatase (4.42jlkat/ l ), lowered serum cal

cium (2.0 mmol/1). 
Mammography and ultrasound guided fine nee

dle aspiration biopsy of the lump in her left breast 
were negative for carcinoma, but showed benign 
dysplasia. 

On bone scintigraphy accumulation of the iso
tope was seen in the ribs, sacrum. sacroiliacal joints, 
head of the left femur, os pubis and proximal epi
physis of left tibia (Figure 2 ). 

Figure 2. lncreased uptake in the ribs. sacrum. sacroiliacal 
joints, head of the len lemur. os pubis. knees, smalljoints of 
the right foot and along both lemurs - fractures•J The 
scintigram is not lypical for osseus metastases. 

On bone X-rays. multiple old fractures of bilat
cral ribs were seen with abundant callus formation 
(Figure 3 ). In the spine, structural atrophy was seen 

with osteochondrosis. In the pelvis old fractures 
with callus formation were seen 

We performed a bone marrow biopsy with a Yam
shidi needle at the typical site. Aspiration of bone 
marrow revealed normal bone marrow with 2 % of 
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plasma cells and histology osteomalacia. The pa
tient was referred to an endocrinologist for therapy 

(vitamin D, Ca) and is doing well after one ycar 01· 

follow up. 

Figure 3. Multiple fractures 01· ribs 111ai11ly scen on lhe right 
si<le wilh abundanl callus formation. 

Discussion 

Bone pain. associated with multiple bone lesions 
on X-ray is most oftcn caused by metastases. In 

most of such cases. the treatment can only be pal
liative (surgery and/or radiotherapy and/or hormone 

or chemothcrapy) and sometimes only symptomatic. 

Patients in whom the lirst manifestation of disease 
are bone lesions are examined l'or occult malig

nancy and if a diagnosis is not established, a bone 
biopsy is performed. For patients with established 

malignant disease and bone lesions. the diagnosis 
of bone metastases is usually easy and treatment is 
given. The aim 01· our case presentations is to stress 

some points when some doubt about such a diagno
sis should be raised and some other rarc dilTerential 
diagnostic possibilitics such as osteomalacia, enter
tained. 

How can medica! history. clinical examination 

and laboralory and radiological findings lead us to a 

diagnosis other than bone metastases in such cases? 

Medica/ historr 

The quality of bone pain is essenlially thc same in 

osteomalacia and bone melastases. Thc pain in os
teomalacia is localized most orten in the pelvis and 

hips2 while in bone metastases the patients usually 
localize pain at the alTected site. The duration of 

pain is very important. In osteomalacia it may be 
present for severa! years. 

Data regarding possible abnormalities in vitamin 

D intake or absorplion (Billroth II opcration in our 

second case) should lead us to more detailed inves
tigations regarding the bone changes. 

Clinica/ exwnination 

There are no essential differences in clinical evalu

ation of patients suffering from bone metastases, 

myeloma or metabolic bone disease, if we do not 

find obvious signs of the primary malignancy. 

Laboratorv test.1· 

Typical findings for osteomalacia are decreased val

ues of serum calcium and phosphate and elevated 

alkaline phosphatase and PTH13 which was also the 

case in bolh of our patients. 

In metastatic bone disease the alkaline phosphata
se is also usually elevated but hypocalcemia is rarely 

secn and is sometimes associated with osteoblastic 

metastases; the serum calcium might be elevated. 

more often in association with malignancies of Iung, 

breast, head and neck. 1 

Serum chloride was also increased in both of our 
patients probably due to secondary hyperparathy

roidism.5 

Bone scintigraphy 

Bone scintigraphy (with Te"""' diphosphonate) is 

mostly used to deteci primary and secondary bone 

tumors, metabolic bone disease and intlammatory 

bone disease. 

In metastatic bone disease the typical finding are 

multiple bone lesions of enhanced activity with 

asymmetric arrangement, more common in the axial 

part of the skcleton. The metastases may give an 

impression of photopcnic elTect.'' 

The lesions of osteomalacia on bone seans are 

very similar to metastases although they are usually 

more symmetric. 7

Bone scan in osteomalacia demonstrates in

creased uptake of tracer in pseudofractures usually 

in the ribs when mild disease is present. In severe 

cases characteristic metabolic feature may be seen; 

increased tracer uptake in axial skeleton, in long 

bones, in periarticular areas. prominent calvaria and 

mandibule, absent kidney images, beading of costo

chondral junction. The same pictures may be found 

in other metabolic diseases and in metastases. While 

the bone scan is nonspeci fic, there are often seen 

recognizable patterns of abnormality and may stron

gly suggest (not confirm) a specific diagnosis.l< 

The scintigraphy is non-specific. A comparison 

with skeleta! x-ray is necessary.'' 
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As a detecting method for pseudofractures bone 

scintigraphy is more sensitive than x-ray.U·10

Skeleta/ X-ravs 

A definite x-ray diagnosis of osteomalacia is not 
easy. The bone density is usually diffusely dimin

ished. 

Radiographic findings include a decrease in bone 

density, loss of secondary trabeculae with promi

nence of the remaining primary trabeculae, blurred, 

indistinct cortical margins, and characteristics pseu

dofractures or Looser zones (unmineralized osteoid 

seams) which are typically symmetrical in distribu

tion, and most frequently scen in the axillary mar

gin of the scapula. femoral neck, pubic and ischial 

rami, and ribs oriented at 90° to lhe cortical mar

gin.11.11.13 Specific signs of hyperparathyridism as

subperiostal erosions. especially of lhe phalanges, 

long bones and distal ends 01· the clavicles are in the 

severe cases orten present.1-1 

Bone biopsy 

Bone biopsy with Yamshidi needle (from spina ili

aca posterior superior under local anesthesia) is 

adequate for metabolic and infiltrative bone mar

row disease and thus decreases the need and impor

tance of some complex biochemical and radiologi

cal procedures. The frozen section can be used for 

tluorescent microscopy. enzyme and imunohisto
chemical procedures. The method can be performed 

in any histologic laboratory with a cryostat and the 

diagnosis can be established quickly. 15 Bone biopsy

performed in this manner cannot confirm the bone 

metastases (unless they are localized right at the 

site of biopsy) but can disclose a number 01· meta
bolic and infiltrative bone diseases - in our cases 

osteomalacia. Bone biopsy may be combined with 

tetracycline labeling.5

Conclusion 

Osteomalacia is a rare disease. and may on occa

sion be confused with metastatic bone disease. How

ever, there are some clues that might lead us to the 

right direction, or at least shed some doubt into the 

diagnosis of bone metastases. From our cases such 

clues are: long history of pain and hypocalcemia 

with hypophosphatemia and elevated serum alka

line phosphatase. In the first case there were quite 

typical radiological findings, in the second case it 

was only after biopsy that a diagnosis was made. 

Bone biopsy seems a simple and reliable method to 

diagnose osteomalacia. 
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Dose delivery uncertainty in photon beam radiotherapy 
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McGill University, Department of Medica! Physics, Montreal General Hospital, 

Montreal, Quebec, Canada 

Even slight variations i11 lota/ dose delivered to !he J!Cllient in external beam j1ho1on radiotherapy ca11 

signific:antly alter the J1rohahili1y c<f t1111101tr control and normal tissue comJ!lic:ations. For this reason, the 

lnternational Commision on Radiation Units and Measurements ( ICRU) has recommended a goal �f a ±5% 

J1recisio11 i11 the dose delivered to the targel vohune. /11 this J!C1J1e1; we J1rese11t the results of cu1 u11certainty 

a11alysis which tracked the 1111certainty i11 dose delivery through the entire radiotheraJ!y J!rocess: calibration 

c!
f 

the secondary standard, calibratio11 cf a field i11stru111e11t, olllput determination c!{ the treatment w1it, 

111easure111ent o
f 

beam parameters, calculation c<f a11 isodose distrilmtion, calculation c!
{ 

the required 111achine 
setting, cmd the delivery cf 1he radiation dose to the J!C1tie11t on the treatmenl machine. Our study .finds 

cwnulative bew11 intensity uncertainties of ±3.8 % (one standard deviotion) and c111111t!ative bea111 positional 

uncertainties cf ±5.5 111111 ( one standard deviation). The e:ffect cf these uncertainties 011 the dose to the J!Cllient 

is illustrated 011 a tyjlical case. 

Key ,vords: neoplasms-radiotherapy: radiotherapy dosage; photons 

Introduction 

Regardless of how sophisticated radiotherapy be

comes, there will always be some uncertainty asso

ciated with the delivery of dose to the patient. The 
radiation dose delivered is influenced by the follow

ing elements: ( 1) calibration of the institution's se

condary standard chamber at a national calibration 

laboratory; (2) calibration of a fiekl instrument from 

the secondary standard chamber: (3) use of the field 

instrument in output determination for treatment units 
in the clinic: (4) measurement of beam parameters 
used in the calculation of the dose distribution and 

machine setting; (5) calculation of a dose distribu

tion based on measured parameters and accounting 

for patient contour and tissue heterogeneities; (6) 

calculation of the machine setting for the daily frac-
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Director, Department of Medica! Physics, Montreal General 
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tion; and (7) patient set-up on treatment 

machine and pussible patient or organ motion dur
ing treatment. It is important to determine the mag

nitude of the various contributions to the overall 

uncertainty; corrective etforts can then be applied 

efficiently to improve the accuracy of dose delivery 

and minimize the uncertainty. 

Clinical studies 1 . 2• 3 have shown that relatively

small changes in the dose delivered to the patient in 
photon beam radiotherapy lead to appreciable 

changcs in the probabilities both for tumour control 
and normal tissue complications. Although the dose

response curve varies with the ·type of disease 

treated, the ICRU.j has recommended that institu
tions strivc to deliver the dose to the target volume 
with an overall accuracy of ±5 % of the prescribed 

dose. This recommendation provided the motiva

tion for a detailed uncertainty analysis undertaken at 

the Montreal General Hospital on photon beams pro

duced by a Clinac-18 linear accelerator ( 1 O MV beam) 
rn1d a Theratron T-780 cobalt unit. In this paper we 

discuss the linear accelerator data; similar results and 

conclusions were obtained for the cobalt unit. 
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Materials and methods 

The uncertainty associated with each of the seven 
steps above was analyzed carefully and then com
bined to compute the overall uncertainty. We as
sume the uncertainties for the different steps to be 
uncorrelated which implies that the overall uncer
tainty is obtained by a quadrature summation of the 
individual uncertainties. This simple approach seems 
acceptable since there is considerable uncertainty 
on the uncertainty estimates themselves. 

Except for step ( 1) which is in the hands of a 
national calibration laboratory and step (7) ror which 
we referred to published studies, the uncertainty for 
each of the other steps listed above may be ascer
tained by examining the spread in results of re
peated measurements of the quantity in question. 
The number of repetitions in our experiments was 
30, with the uncertainty expressed as the standard 
deviation of the 30 measurements. A 0.6 cm1 Farmer 
chamber (NE 2581) and a digital electrometer (Keith
ley 35617) werc used in ali cxperiments, except in 
the water tank seans where a 0.1 cm1 water-proof 
ionization chamber was employed (Therados RK 
83-05).

In order to obtain a realistic measure of the un
certainty for a given quantity, it is not suflicient to 
simply perform the set-up once and repeat the meas
urement thirty times, because the spread in meas
urement results is caused mainly by slight differ
ences in set-up rather than by statistical variations 
in the measured parameter. Thus the set-up must be 
redone for cach measurement. As an cxample, con
sider measuring the uncertainty on the wedge fac
tor. Determination of the wedge factor involves tak
ing the ratio of readings for a I O x I O cm2 lield at 
the depth of dose maximum (d,,,"J in phantom for 
the wedged field and thc open ficki. For each meas
urement of the wcdge factor, one must reset the 
field size, gantry angle, collimator angle, realign 
the chamber. and re-insen the wedgc in the tray if 
one is to acquire a realistic uncertainty, representa
tive of different measuring conditions. 

Results 

The secondarv srandard 

The uncertainty on the cobalt-60 calibration factor 
for the secondary standard chamber provided by 
our national calibration laboratory5 is 0.5 %. This is 
defensible since the precision of primary standards 

of cobalt-60 radiation. established through com
parisons of numerous primary standards around the 
world,''· 7 is within 0.3 % and the act of calibration
introduces additional, non-negligible uncertainties. 

Calihration o.f the .field instrument 

The calibration of the field instrument from the 
secondary standard chamber is performed in air by 
subjecting the two chambers to identical exposures 
in a cobalt-60 beam, and solving for the calibration 
factor, N_t'", of the field instrument: 

Nt'ld = NtM""'
Mfieldpfield 

wn 

(1) 

where N/" is the calibration factor of the secon
dary standard chamber, M'" and Mth'1" are the meter
readings of the secondary standard and field cham
ber, respectively, and P!,;;;'" accounts for recombina
tion loss in the field instrument. 

The uncertainty on the calibration factor of the 
lield instrument can be deduced from the uncer
tainties on each of the variables in Eq. ( 1) using the 
usual quadrature summation. Experiments have shown 
that with normal care the uncertainty on readings 
taken in the calibration set-up with our chamber is 
about 0.07 %, reflecting the uncertainty on M'" and 
Mth·ld. lf this estimate seems unusually low com
pared to typical clinical measurements, it is be
cause in the calibrntion set-up the chamber is clamp
ed to a rigid rod extending from the accessory tray 
which permits a highly-reproducible positioning. 
The uncertainty on P;,,,, for our chamber is less than 
0.02 % and, as stated above, the uncertainty on the 
calibration of the reference chamber is 0.5 %. Com
bining these uncertainties with the uncertainties on 
the meter readings for each chamber gives a total 
uncertainty for the cobalt-60 calibration factor of 
our field chamber 01· 0.5 %, essentially attributed to 
the calibration factor of the secondary standard 
chamber. 

Further analysis of the field instrument might 
include experiments to examine chamber response 
for dependencc on polarity, angle of rotation and 
angulation, stem exposed to the beam, charge re
combination, charge leakage, cable irradiation, and 
total dose. Extensive experimentation conducted 
prior to our uncertainty analysis confirmed that none 
of these effects is significant under typical condi
tions of use. 
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Output deten11inatio11 

The AAPM TG-21 dosimetry protocol8 used in North 
America introduces a number of close transfer coef
ficients and chamber-depenclent correction factors 
by which the meter reading M obtained at a given 
depth in phantom must be multiplied to obtain the 
dose to medium at the same point: 

- (
= 

)- (� Dmed - MNgas L / P afr pwaJIP,<'J'lpion

wherc ([ / p ),'.';;·" is thc ratio of the rcstricted stopp
ing powers for the medium material and air, P",,11 is 
a correction factor dependent on the thickness ancl 
geometry of the chamber wall, P,,pi is a gradient 
correction necessary for measurements not perfor
med at d""" in phantom, and P;.,,, accounts for re
combination loss. Ali of these factors are evaluated 
at the beam energy for which one is measuring 
D,,,d. The chamber-gas calibration factor, N"'"' is 
given by: 

N = Nfidd kW,,;,A,.a11J\on gas 
X (Z/ )

wall (- / )";, 
p ,,;, µab p wall 

(3) 

where N{''1" was described in Eq. ( 1 ), k is a con
version factor from roentgen to C/kg (2.58 x I 0-4 
C/(kg•R)), W,,,, is the mean energy required to cre
ate an ion pair in air (33.97 eV/ion pair), Aw,di is a 
correction factor dependent on thc thickness and 
geometry of the chamber wall, A;.,,, accounts for 
recombinalion loss, ([/ p),'.'.;'11 is the ratio of the 
restricted slopping powers for _the chamber wall 

( ),,,,. material and air, and µ,,i, I p ,.,,11 is the ratio of 
mass-energy absorption coc!Ticients for air and the 
chamber wall material. Ali quantilies in N,," are 
evaluated at cobalt-60 photon energy. 

Estimates of the uncertainties on the dose trans-
fer coefficients are given in the literature9·1(' as fol
lows: stopping power ratios are known to 0.6 %, 
while the mass-energy absorption coefficients and 
W,,;, are known to 0.2 %. The uncerlainty on Pccp1 is 
estimated)I at 0.2 %. From the TG-21 protocol,8 we 
estimate the unccrtainty on A"',,11 and P"',,11 to bc 0.2 %. 
Uncertaintics on A;,,,, and P;.,,, are negligible. From 
thcse valucs we calculate the unccrlainty on N

.e
,,, for 

a typical field chambcr to be about 1.0 %. Rcpeated 
measurements with a new set-up performed each 
tirne, have shown that the uncertainty on the meter 
reacling, M, is 0.26 % for the I O MV bcam. Thus, 
combining the uncertaintics on ali factors in Eq. (2) 
gives an uncertainty of 1.2 % on the measuremcnt 

of D,,,d at a given depth in phantom for our I O MV 
beam. 

The output of a trcatment unit is generally dc
fined as the dose rate to medi um at d,,,,,, in phantom, 
for a I Ox I O cm2 field in units of cGy/min for a 
cobalt machine or cGy/MU for a linear accelerator. 
For output determination our institution employs a 
water phantom with an ionization chamber placed 
at 5 cm depth. The dose at d,,,,,, is then found by 
dividing thc measurecl dose at 5 cm dcpth by the 
percent dcpth dose for a depth of 5 cm. With re
peated rneasurements, we have established the un
certainty on percent depth dose measurements in a 
water tank to be around 0.5 %. This, combinecl with 
the 1.2 % uncertainty of the dose measurement at 
5 cm depth, results in an output uncertainty of 1.3 %. 
Furthermore, the agreed upon tolerance of the output 
calibration is ± 12 % which means that, frequently, 
thc calibration can be off by over 1 %. This addecl 
uncertainty results in a cumulative uncertainty of 
approximately 1.8 °/r, on the output of the I O MV 
beam. In cerlain circumstances the output uncer
tainty may be even higher: for instance, with the use 
of highly-elongated lields because of the collimator
exchange elTect or with very low monitor unit set
tings because of the monitor end-effect. 

Input for the trealment planning syslem 

For each liekl size in the range of fields sizes clini
cally employed, a treatmenl planning system lypi
cally requires percent depth doscs and dose profiles 
at a number of depths in phantom as input for its 
dose calculation algorithm. The results of repeated 
water-tank seans (with a new set-up performed for 
each scan) revealcd that the uncertainty on percent 
dcpth doses on the beam central axis and dose pro
files well within the radiation liekl limits is of the 
order or 0.5 %. The uncertainty for dose profiles is 
considerably higher (-1 O%) in the penumbra re
gion because or the steep dose gradient in this re
gion. For the percent depth doses, the uncertainty is 
negligible near d,,,,,, (since normalization is per
formed at this poinl) and slowly increases to reach 
about 0.8 % at a depth of 30 cm in the water phan
tom. 

Dose distrilmtion calc11/a1ion 

Unccrtainties introduced in computerized treatment 
planning are the result of uncertainties in the beam 
data entered into the computer, imperfections in the 
calculation algorithm, and inaccuracies in the pa-
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tient data which consists of body, organ, and target 
contours, as well as tissue heterogeneities. These 
factors can be expected to generale incongruities 
between calculated dosc distributions and measured 
ones, with the act 01· measurement occasioning ad
ditional uncertainies. According to the ICRU: 12 "'A
computer-produccd dose distribution can be con
sidered to be accuratc cnough if it diffcrs from 
relativc dose measurements by less than 2 % (or 
0.2 cm in position of isodose lines in special cir
cumstanccs involving very steep dose gradients) in 
points of relevance for thc treatrnent". However, a 
very comprehensive U.S. study i' comparing six sys
tems (using four diffcrent computational algorithms) 
found about a 3 % agreement (or 0.3 cm in position 
of corresponding isodose lines in regions of high 
close gradient) for a wide range of test conditions. 
A Scandinavian study l4 tested the accuracy of six 
other systcms in typical elinical situations and thcir 
rcsults concurred with those of the U.S. study. 

Calculation c!f' machine setting 

To calculate the machine setting from the physi
cian's prescription, relative dose factors and wedge 
factors are needed in addition to thc basic output 
calibration data. Reproducibility tests, oncc again, 
allowed us to conclude that the uncertainty on the 
rclative <lose factor is 0.3 % and the uncertainty on 
the weclge factor is 0.4 %. 

Patient trea1111e111 

Concerning patient set-up, an extensive study by 
Rabinowitz, 15 as well as severa! studies of lesser
scope, 1''· 17• 18 were undertaken to asscss the magni
tude of positional uncertainties. Thcsc studies have 
found that the variability in patient position from 
one treatment fraction to another is about 3 mm, 
practically irrespective of sitc. Sincc these varia
tions are random, their cumulative e!Tect ovcr the 
full course of trcatment will be to incrcase thc 
effective penurnbra of the bearn. Interna! organ 1110-
tion during irradiation is an additional positional 
uncertainty. A study of brnin rnotion 1 " has mcasured 
translations of 0.5 mm, which are ncgligiblc, while 
an estimate for thc abdomen20 is 4 mm. Por thoracic 
irradiations, breathing and swallowing incrcase 
positional uncertaintics stili furthcr. 

The transfer of the patient frorn the simulator to 
the treatment couch also produces an uncertainty 
which the studies havc l'ound to be about 4 mm. 
Contrary to the inter-fraction positional uncertain-

ties, this uncertainty occurs only oncc and thus has 
a systematic effect over the whole treatment course. 

Discussion 

The uncertainties in dose delivery deseribed abo
vc naturally fall into two categories: beam intensity 
uncertaintics and positional uncertainties. Beam in

tensity uncertainties encornpass uncertainties attri
buted to the calibration 01· the ficld chamber, the 
output determination 01· the treatment unit, short
comings of the treatment planning system, the quan
tities required in the calculation of the machine 
setting (relative dose factor and wedge factor), and 
variation in position of the patient along the beam 
axis. Positional uncertainties include variations in 
position of the patient across the beam and defi
ciencies of the treatment planning system in re
gions of high dose gradient, i.e., the beam pen
umbra. 

To provide an example of the effect of the uncer
tainties on the dose delivered to a patient we have 
selected a typical three-field pelvic case with a 
prcscription of 45 Gy to isocentre. Por this case, 
beam intcnsity uncertainties yield a total of 3.8 % 
(one standard deviation). Positional uncertainties 
yield a total 5.5 mm (one standard deviation). 

These uncertainties can be illustrated aecording 
to an approach suggcstcd by Goitcin.21 Thrcc <lose
maps are produccd for the paticnt. A first map givcs 
thc nominal dosc distribution; this is the dosc dis
tribution which we intenci to deliver. A sccond map 
givcs thc largest possiblc dose that cach point can 
rcccive: it is calculated with thc beam weighting 
increased by 3.8 % and thc ficld sizes increased by 
5.5 mm on each of the four sides of the trcatment 
ficlds. A third map gi".es thc smallcst possiblc dosc 
that cach point can rcceive; it is calculated with thc 
beam weighting dccreased by 3.8 % and the ficki 
sizcs dccrcascd by 5.5 mm on each of the four sidcs 
of the fields. 

The thrcc maps for our typical casc are shown in 
Figure I whcrc normalization is performcd to givc 
thc dose in Gray. Points wcll within thc field limits 
are affcctcd only by the unccrtainty on thc bcam 
intensity; for cxamplc, thc isocentrc dosc, in com
parison to the nominal dose 01· 45 Gy, may vary 
from 43.2 Gy to 46.8 Gy, or by ± 13.8 % of thc 
nominal dosc. Points ncar a lield limit sullcr thc 
elTects of bolh the bcam intcnsity unccrtaintics and 
thc positional uncertaintics. For instance, thc nomi-
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( o) no mina! dose

(b) /ar gest possfble dose 

( c) smo/Jest possfbfe dose 

Figure l. Effect of unce11ainties in the radiotherapy process 
on the patient dose. For a typical example of pel vic irradia
tion with a three-field technique we show: (a) the nominal 
distribution, (b) the largest possible dose each point may 
receive, ( c) the smallest possible dose each point may re
ceive. Normalization is adjusted to give lhe dose in Gy. The 
isocentre dose may vary from 43.2 Gy to 46.8 Gy com
pared to the nominal 45 Gy, while the dose to a typical point 
in the penumbra region denoted by © may vary from 35 Gy 
to 47 Gy compared to the nominal 43 Gy. 

na! dose delivered to the point denoted by 0 in 

Figure I is 43 Gy; because of the uncertainties the 

actual dose delivered to this point may vary from 

35 GY (-19 %) to 47 Gy (+9 %). 

Conclusions 

For the beam intensity uncertainties, our esti

mated total of 3.8 % (one standard deviation) is in 

conformity with the ICRU recommendation of ±5 % 

(if the ICRU recommendation is to be taken as one 

standard deviation). For the positional uncertain

ties, the 1 cm margin that physicians routinely add 

to ali sides of the target volume would seem suffi

cient to account for the positional uncertainties of 

±5.5 mm (one standard deviation) found in our study. 

The uncertainties illustrated by the typical case 

shown above are representative of those associated 

with routine radiotherapy in the majority of modem 

centres; no special precautions are required to achie

ve this leve! of precision. Despite the partially sub

jective character of uncertainty estimates, other stu

dies have come to very similar results.20· 22· D. 24 If

the precision of dose delivery in radiotherapy is to 

be improved, treatment planning systems must be

come more sophisticated and better patient posi

tioning devices must be developed. These two steps 

have been shown to be the major contributors to the 

overall uncertainty. 

Since substantial variability also exists in medi

ca] diagnosis and dose prescription, further improve

ments in the accuracy and precision of radiotherapy 

will have to come both from the physical side and 

from the medica! side. Yet the physical side plays a 

crucial role, for it is only when a high degree of 

accuracy and precision exists in the delivery of dose 

that clinical conclusions regarding the relative merit 

of different fractionation schemes, total doses, and 

normal tissue tolerance can be drawn. 
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News of the EAR 

Report on the Meeting of the EAR Executive Bureau held in 

Leuven on 16/17 March 1996 

I. Relations EAR - E.U.
1.1. PHARE Programme

Polanci has proposed a programme devoted to the 

improvement of radiation protection. The program

me could be taken into consideration within the 

framework of the harmonization of the E.U. legisla

tion. 

The EAR projecl plans to sel up a workshop 

between leading Eastern and Western European ra

diologists and E.U. partners for a better knowledge 

of the PHARE. Programme and the economic prob

lems of investment in Imaging in Western European 

countries. The E.U. is asked to support the work

shop. Furthermore. the EAR suggests creating a 

watchdog group in lmaging in Eastern European 

countries. 

1.2. TASTE Project 

TASTE is an accompagnying measure to assure de

cision makers in the assessment of teleneuromedi

cine services. The Executive Bureau has approved 

that the EAR be on thc Advisory Board of the 

TASTE Project. 

II. EAR committees
11.1. Committee for Subspecialities

An addendum to the EAR Guidelines for Training 

in Radiology General has been worked out. It lists 

recommendations for training programmes for the 

years 2, 3, 4 and in some instances 5. Each society 

represented in the Committee will suggest a de

tailed training programme in the respective subspe

ciality. At least two years of training in a subspeci

ality will be mandatory in order to reach the leve! of 

a subspccialist. The fifth year of training in general 

radiology, if it is devoted to one subspeciality, 

should be considered one year credit for the subspe

cialisation training. 

The Committee decided that interventional radi

ology should be a programme of its own. 

11.2. Ed ucation committee - Eucore 

l. ISHERWOOD ended his term of office as Dean

of EUCORe in March 1996. During his deanship he

has mainly set the guidelines for training in radio

logy general which are presently at the leve! of the

UEMS for harmonization. These guidelines have

been sent to ali the EAR member Societies. Conti

nuing Medica! Education (CME) will be the main

task to be achieved by the Education Committee in

the future.

11.3. Professional Organization Committee 

(P.O.C.) 

The new board took up duty in October 1995 for a 

period of 4 years. Dr. G. HURLEY serves as Chair

man, Prof. P. SCHNYDER as Vice Chairman and 

Dr. P. PETREL as Secretary to the Comrnittee. 

11.4. Committee of Computer Science Applica

tions in Ra diology 

An ECR-EAR server will be created in Yienna. The 

address of the server on WWW is Euro-Rad-Org. 

The server could collect data bases and educational 

or scientific material on radiology. The editorial 

committee of the data base will arise from the edi

torial committee of "European Radiology''. 
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II.S. Congress Committee ECR'97

Two meetings prior to ECR will be held on Breast 

US and interventional MRI. The poster space will 

bc increased. 1\vo film reading scssions will be 

provided. Twelve research grants will be awarded. 

III. EAR educational programmes

In the framework of thc Halley Project a singlc 

refreshcr coursc took placc in Hungary (May 1996) 

with ali thc spcakcrs of thc four prcvious courscs. 

- Tiic Tutorial Campus 1996 in Graz will bc 

carricd out for Hungarian radiologists. 

- The EAR Exchangc Programmc Visiting Junior

Radiologists to Eastcrn Europc is set up with visits 

to Hungary, Poland. Romania, Russia and Slovakia. 

- Fivc di!Tcrcnt ESDIR seminars will take place

in 1996. 

- A mceting took place during the RSNA 1995

between representatives of ECR and RSNA. It was 

decided that in the future such meetings, including 

tlic Asian Oceanic Society and ISR, should take 

place during the RSNA. The objectives of the meet

ings should be to help the organisers of local, re

gional or international congresses with their radiol

ogy educational programmes. 

IV. Amendments to the ear charter and interna!
regulations

Amendments were taken into consideration prior 

to their submission to the General Assembly in 

March 1997. 

V. Working group on cost effectiveness

The national member Societies have received an 

informative letter asking them to nominate a na

tional expert to the Working Group which will be 

led by Prof. L. DALLA PALMA. 

Next meeting of the Executive Bureau: Vienna 

28 September 1996 

M. Blery, Secretary General EAR, Centre Hospitalier Uni
versitaire de Bicetre. Department of Ra<liology, 78 rue <lu
General Leclerc, F-94275 Le Kremlin-Bicetre, France 

Head and neck radiology 

BRACCO's Pan-European teaching seminar, 

Pecs Kolping Haz, Hungary, 29-30 March 1996 

Three well-known professors of radiology, Julian 

Kabala, John Bradshaw and Roger Bodley from the 

U.K. came to Pecs for two days in order to give a 

series of lectures within the program of BRACCO's 

Pan-European teaching seminars. 

On the first day. as a warm-up, they tested our 

knowledge on the anatomy of the head and neck, 

and the most common diseases of these sites. The 

lectures also touched upon the head and neck 

anatomy as imaged by CT and MR seans as well as 

on the vascular disorders of the brain (i.e. bleeding, 

infarction). 

On the next day, we upgraded our knowledge on 

injuries. as well as on malignant and infectious 

diseases of the head and neck. There was a possibil

ity od discussion between the lecturer and audience 

during the seminar. 

After the lectures, the participants were divided 

into small groups 01· 8-9 people in order to discuss 

CT and MR seans with the lecturers, thus being 

able to learn from the basics how to recognize the 

abnormalities. 

Twenty-seven medica! doctors took part in this 

course, among them a lot of young physicians from 

the Department of Radiology, University Medica] 

School of Pecs. There were also participants from 

radiology departments of various other hospitals 

(Baranya County Hospital, Children's Hospital, Ho

spital of Baja, etc.), and a few neurosurgeons were 

present as well. 

The whole meeting was sponsored by Bracco 

company. 

In summary, thas was an interesting and useful 

course, which not only offered us the opportunity to 

upgrade our professional knowledge but also to brush 

up our English. 

Dr. Vercse An<lrea 
Department of Ra<liology 
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Report on the 5th Radiological Refresher Course of the Halley 

Project 

Budapest, Tihany (Hungary), 6-9 May 1996 

Sponsor: Bracco International 

This year within the rrame of the Halley Projecl 

the 5th radiological refresher course was organized 

for radiologists 01· the former socialist counlries. 

The aim 01· such courses is to develop a European 

standard in approaching and solving everyday prob

lems or radiological diagnosis and intervenlional 

procedures. The leader of the program Professor L. 

Dalla Palma invited 33 lecturers, specialists of the 

radiology of the chest, musculosceleton, abdomen 

and urinary tract. In this short repo rt I try to sum

marize the most interesting pieces of information 

by grouping them according to the subject. 

Chest: 

The status of the bronchioli can be well assessed 

by doing high resulution CT, can be more sensitive 

than spirometry. Smokers and ex-smokers show in

creased air trapping. CT is an excellent way for 

diagnosing bronchiectasis. CT is extremely good in 

picking up tumours which may be out of reach or 

the bronchoscope. It may even obviate need for 

bronchoscopy. The radiologist can help the pulmo

nary surgeon by marking the tumour tirni is to be 

excised. Before the wedge resection the radiologist 

performs a CT guided puncture and fills the tumour 

with a mixture of nonionic contrast agent and me

thylene blue. As he pulls the needle out he also 

marks the way to the visceral pleura. When the 

surgeon is doing the thoracoscopy he easily finds 

the blue spot on the Jung surface and cuts the marked 

area away. Before pulling the excised tumour out 

through the thoracotomic channel, the tumour tis

sue is put into a plastic bag in order to prevent 

tumour celi inoculation. 

In case 01· chest emergencies the chest x-ray of a 

patient lying on the back can show basal hyperlu

cency, well visible latern! sinuses and cardiac apex 

as signs of pneumothorax. Pleural empyemas can 

be treated by draining them. Rinsing with fibrino-

lytics is very useful as it can prevent formation of 

smaller, isolated abscesses. 

Musculosceletal system: 

Using a digital image processing systern expo

sure di tTerences as 20x o ver- or underexposure can 

be easily corrected. This means there are practi

cally no bad exposures. 

In case of vertebral bone rnetastases efficient pain 

relief can be provided by injecting cement into the 

vertebral bodies. The cement will fill the small 

fractures. 

Diseases of the small intestine: 

Even 25 or 30 years after radiotherapy, isolated 

segments of the srna!! intestine can develop stric

tures or wall thickening. Long term use of NSAID-s 

can lead to the forrnation of ring like strictures on 

the srnall intestine. 

Urographic contrast media: 

Arter the administration or any urographic con

trast agent vacuolisation can be observed in the 

proximal renal tubules. Experiments are going on 

to develop tungsten containing contrast rnedia. Ga

doliniurn-DPTA used for MR imaging is also good 

as contrast agent for intrnarterial digital subtraction 

angiography or CT. 

Diagnosis of renovasular hypertension: 

Patients are given captopril that causes efferent 

vasodilatation and the drop 01· the liltration pres

sure. Under such conditions, if there is a narrowing 

on the renal artery, the excretion of the given kid

ney will be slower and this is well detectable with 

isotope renography. lf captopril scintigraphy is po

sitive, some kind or angiography, e.g. traditional 

angiography is not the method to choose because it 

only shows the flrst 3 cm section of the renal artery. 
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Urinary tract infections in children: 

Kidnevs are examined primarily with ultrasound 
and isotopes. I.v. urography is only used to sort out 
difficult anatomical abnormalities. On ultrasound a 
dilated collecting system indicates retlux if the blad
der is full, whereas a dilated collecting system with 
empty bladder is the sign of obstruction. Scintigra
phy gives well reproducible results, is easy and 
functional, shows renal scars and the child can be 
Jying on the back during the examination. 

Interventional uroradiology: 

The rendez-vous procedure can help to get through 
strictures of the ureter. Two catheters are used si-

multaneously and tluid that separates the ureteral 
walls is injected in a gentle way. 

Apart from the above mentioned there were lec
tures on the painful knee and foot, oropharyngeal 
dysphagia and defecography, tumours of the liver, 
pancreas and prostate gland and finally on manage
ment issues in radiology. Just two important points 
concerning the latter: 

1. Selection of co-workers is crucial in prevent
ing problems. 

2. Rejected ideas must be treated with courtesy.

Geza Sarlos M.D. 
Depmtment of Radiology 

University Medica! School of Pecs, Hungary 

Book review 

Radiation Toxicology - Bone Marrow and Leukaemia 

Edited by Jolyon H. Hendry and Brian I. Lord. Elsevier Science Taylor & Francis, Great Britain, 
1995. Pages: 360, Illustrations, Tables, Hard cover. ISBN (cloth) 07484 0338 8. 

The book has II chapters and includes epidemio
logical studies of exposed populations, treatment 
methods for accidentally exposed individual or pa
tients treated with irradiation at different dose le
vels and different radiation qualities. 

The first chapter is a summary of ali the aspects 
discussed in the book, the second chapter links the 
summary with the later chapters by sketching the 
proces involved in blood production. The contents 
of the book are logically build, the narrativeis gen
erally pleasant and easily readable. The first 2 chap
ters make an interesting introduction and give the 
different professional profiles a helpful lead for 
focusing on the items interesting to them. This is a 
handbook for teaching scientist as well as for stu
dents. The students will find historical and basic 
information on radiation physics, bone marrow func
tion, but also on new developments in genetics, 
pathogenesis and treatment of leukaemia. For the 
teaching scientist it will provide interesting facts 
from related specialities with valuable references in 
his field of interest. The radiation oncologist as 

well as the medica] oncologist will find most help
ful chapters on the effect of radiation on the bone 
marrow and experimental as well as clinical ap
proach to treatment of radiation induced injury to 
hematopoesis. 

It is a probably an impossible task to produce a 
perfectly balanced text covering such a broad field 
- from radiation physics through cancerogenesis,
clinical hematology to genetic problems. The au
thors have, neverthless achieved an attractive i;look,
loaded with information and certainly useful for a
variety of specialists.

Among minor shortcomming stand out the nu
merous abbrevations certainly not familiar to ali 
readers, an addendum with a list of abbreviations 
would be welcome. There is a certain scarcity of up 
to date references. Ali in ali, the work may be 
warmly recommended, it should be a welcome ad
dition to every medica! library and should find its 
way to a wide circle of concerned professionals. 

Berta Jereb; M. D. 
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Inmemoriam 

Dr. Tatjana Šumi-Križnik 

In May 1995 we parted from Dr. Tatjana Šumi
Križnik, the first medica! oncologist and an unfor
gettable colleague. 

She graduated from the Faculty of Medicine, Uni
versity of Ljubljana, in 1955, started to work at the 
Institute of Oncology, and passed her board exam in 
anesthesiology in 1962. 

Nearly at the same tirne, she was faced with the 
reality of her illness. Being a wife and a mother of 
two sons she did not give in, but rather engaged ali 
her forces in the study of internat medicine, led by 
her interest in the research of lymphomas - a sys
temic cancer disease. 

In 1969 she passed her board exam in medica! 
oncology. With great enthusiasm she headed the 
group for diagnosis, treatment and research of lym
phomas. She was among the first who started with a 

team approach to diagnosis and treatment at the 
Institute of Oncology in Ljubljana, and also suc
ceeded in animating her co-workers for such work. 
She always strove for quality and advances in the 
diagnosis and treatment of cancer. Considering fa
vourable treatment results obtained in patients with 
Hodgkin's disease, she systematically followed the 
guidelines in accordancc with her own experience 
as well as that of othcr rcnown institutions in the 
developed world. With great knowledge and a sound 
professional distance towards introducing new cy
totoxic drugs in the beginning of the 70's, she was 
the first to perform multidrug chemotherapy for 
lymphomas and advanced breast cancer, which is 
evident from her bibliography. 

She contributed to regular and active co-opera
tion at oncological and hcmatological meetings and 
congresses in the country and abroad. Despite her 
personal problcms associated with her disease, she 
was a permanent source of energy and inspiration to 
her co-workers engagcd in the field of lymphomas, 
proving ali the tirne her organizational abilities and 
enthusiasm for continuous study and scientific re
search: The favourable rcsults of these endeavours 
are reflected in good survival outcome of lymphoma 
patients. 

Shc will always be remembered for her consist
ency and accuracy at work, and the fact that the 
patient's benelit was always in the first plane of ali 
hcr activities. In the beginning of the 70's, shc was 
the first to point out thc paramount role of medica! 
oncologists in comprehcnsive cancer care, which 
has also bccome generally recognized world-widc. 

Unfortunately, her grave disease forced her to re
tire as carly as in 1980. Noncthcless, as a result of 
her systematic teaching of young doctors and nurses, 
she left behind a well organized tcam and depart
ment for lymphomas. Unfortunately, hcr wish for a 
faster development of clinical oncology has remained 
unfulfilled due to insufficient personnel. Those of us, 
who had the opportunity to work with her, will do 
our best to follow in her footsteps, thus proving that 
her outstanding efforts were not in vain. 

Maria Fidler-Jenko 
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Notices 

Notice.1· s11b111itteclfor publication shoulcl contain a mailing aclclress, phone ancl/orfax number ()l 

a contact person or department. 

Prostate cancer 

Nm•e111ber ./-6. /996. 

The advanccd coursc will take placc in Milan. ltaly. 

Contact European Scholl or Oncology. Via Ripamonti. 

66, 20141 Milan. llaly; or call + 39 2 57 305 416; Fax: +39 

2 57 307 143. 

Oncology 

Nm·ember 8-/0, /996. 

Thc »ASCO Fali Education Conference« will be offered 

in Phoenix. AZ. USA. 

Contacl ASCO Hcadquartcrs. 435 Norih Michigm1 Av„ 

Suite 1717. Chicago. USA: or call + 1 312 644 0828: or rax 

+ 1 312 644 8557.

Oncology 

No1·e111ber J 8-22. J 996. 

The » 13th Asia Pacilic Cancer Conlcrcnce« will be offer

ed in Penang. Malaysia. 

Contact Secrctary General. 13th Asia Pacilic Cancer 

Confcrence. National Canccr Soeicty or Malaysia (Penang 

Branch) A2.27 Komtar, l00 000 Penang. Malaysia. or call 

+ 604 614 140. or fax + 604 618 691. 

Head ad neck tumours 

November 25-27. 1996. 

The advanced course on oral cavity and oropharynx tu

mours will take place in Milan, ltaly. 

Contact European Scholl of Oncology. Via Ripamonti. 

66. 20141 Milan. llaly; or call +39 2 57 305 416; Fax: +39 2 

57 307 143.

Cancer clinical trials 

December 5-8, 1996. 

The training course will bc offcred in loanina. Grecce. 

Contact European School or Oncology, c/o Egnatia Epi

rus Foundation. 9 Hatziyiani St., 115 28 Athens. Grecce: or 

call +30 1 724 3144; Fax: +30 1 724 3145. 

As a scrvice to our rcaders. notices of mcctings or courses 

will be inserted frcc or charge. Plcasc scnt information to 

the Editorial orlice. Radiology and Oncology, Vrazov trg 4. 

1105 Ljubljana. Slovenia. 
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PRAVOPIS 

MEDICINSKIH 

IZRAZOV 

M. KALIŠNIK IN SODELAVCI

V pripravi je druga, dopolnjena in popravljena izdaja dolgo pričakovanega priročnika, ki ga 
bodo s pridom uporabljali vsi, ki želijo vedeti, kako se v slovenskih besedilih pravilno pišejo, 
izgovarjajo in pregibajo medicinski termini. 
Knjiga vsebuje okrog 30.000 geselskih iztočnic in okrog 40.000 stalnih zvez, skupaj torej 
okrog 70.000 medicinskih izrazov. Izbor je bil skrbno pretehtan, tako da so vključeni 
strokovni izrazi, ki jih uporabljajo naši medicinski strokovnjaki za sporazumevanje med 
seboj in s kolegi na tujem, pa tudi z nestrokovnjaki, zlasti še s pacienti. Izbrani so pri nas 
uporabljani izrazi, ki so aktualni, nedvoumni, reprezentativni in praktično pomembni ter jih 
študenti medicine spoznajo med dodiplomskim študijem. Termini so slovenski, poslovenjeno 
zapisani latinski ali latinizirani grški, izvirno zapisani latinski ali latinizirani grški ali grški. 
Izjemoma so vključeni tudi termini v drugih, živih jezikih, ki jim praviloma sledijo ustrezni in 
priporočeni slovenski izrazi. 
Pri pripravi te knjige so sodelovali biomedicinski strokovnjaki, večinoma učitelji medicinske 
fakultete, in jezikoslovci. Uporabljeno je bilo gradivo, ki so ga leta zbirali in obdelovali pisci in 
svetovalci za Medicinski terminološki slovar, ki se pripravlja in bo izraze tudi razložil. 
Delo je bilo večletno in so ga moralno in gmotno podpirale številne ustanove, društva in 
firme. Zato je možno ponuditi knjigo v prednaročilu po subvencionirani ceni 4.000 SIT; 
ponudba velja do 30. septembra 1996. Cena priročnika po tem roku bo 5.000 SIT. 

MEDICINSKA FAKULTETA V LJUBLJANI 

UREDNIŠT VO MEDICINSKEGA TERMINOLOŠKEGA SLOVARJA 
ZALOŠKA 7a 

1000 LJUBLJANA 



PRAVOPIS MEDICINSKIH IZRAZOV 

Uredništvo: 

Miroslav Kališnik, glavni urednik 

Boris Klun, Dušan Sket, odgovorna urednika 

Cvetana Tavzes, Blanka Husu, leksikografski urednici 

Tone Žakelj, Barbara Grablovic, tehnična urednika 

Uredniški odbor: 

Bronka Brzin, Mladen Est, Pavle Jezeršek, Miroslav Kališnik, Boris Klun, 

Marinka Kremžar, + Hubert Pehani, Nada Pipan, Srečko Rainer, Dalja Sever-Jurca, 

Dušan Sket, Anton Širca, Bogomil Vargazon, + Vladimir Žakelj 

Jezikoslovni svetovalci: 

Breda Čop, Margaret Davis, Renata Horvatič, Vladimir Nartnik, Primož Simoniti, 

Mitja Skubic, Raslo Šuštaršič 

Recenzent: 

Janez Batis 

Pisci in svetovalci pri pripravi gradiva za Medicinski terminološki slovar: 

92 strokovnjakov z naravoslovnega, ortološkega, patološkega, internističnega, kirurškega 
in družboslovnega področja medicine 

NAROČILNICO IZPOLNITE, ODREŽITE IN ODPOŠLJITE NA NASLOV: MEDICINSKA FAKULTETA V LJUBLJANI. 

UREDNIŠTVO MEDICINSKEGA TERMINOLOŠKEGA SLOVARJA, 1000 LJUBLJANA, ZALOŠKA 7a 

PODPI SANl(A) ____ ____________________ _ 
ime in priimek 

naslov s poštno številko 

NEPREKLICNO NAROČAM KNJIGO 
M. KALIŠNIK IN SODELAVCI:

PRAVOPIS MEDICINSKIH IZRAZOV, DRUGA IZDAJA 

PO PREDNAROČNIŠKI CENI 4.000 SIT, KI VKLJUČUJE TUDI POŠTNINO, I N  JO BOM PORAVNAL PO 
PREJEMU POLOŽNICE NAJKASNEJE 

DO 30. SEPTEMBRA 1996 

kraj in datum --------- podpis --- --------i 
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FONDACIJA 
DR. J. CHOLEWA 

Activity of "Dr. J. Cholewa Foundation" for cancer 

research and education - report for the first and second 

quarter of 1996 
"Dr. J. Cholewa Foundation" for cancer research and education continues its activity in the 
first half of 1996 as it was outlined at the meetings of the executive and scientific councils of 
the Foundation at the end of 1995. 
The two researchers that were bestowed research grants in 1995 successfully concluded their 
basic oncological research studies in reputed cancer research institutions in The United 
States of America and France. 
As mentioned in the previous issue of "Radiology and Oncology", the Foundation invited all 
the interested individuals to submit their applications for the research grants for scientific 
work in oncology. Public announcement was made in a major national daily newspaper, and 
research grants were awarded to four of the applicants, three from Ljubljana and one from 
Maribor. 
The Foundation supported the organisation of a symposium titled "Diagnostic Algoritms in 
Malignant Disease" that took place in Laško in May, 1996. 
At the meeting between the representatives of "Dr. J. Cholewa Foundation" for cancer 
research and education and "Slovenian Scientific Foundation" (Slovenska Znanstvena 
Fondacija) the ways of possible future collaboration were explored. 
"Dr. J. Cholewa Foundation" for cancer research and education will participate in the 
sponsorship of the "International Confcrence on Epithelial I,,esions of the Larynx", to be 
held on October 28-30th, 1996, in Ljubljana, Slovenia. 
Collaboration with European School of Oncology from Milan will be extended. Specific 
points and goals of this collaboration will be discussed with high leve! officials of the 
European School of Oncology in the near future. 
A decision was taken that the general assembly of "Dr. J. Cholewa Foundation" for cancer 
research and education will take place in the middle of June, 1996. It is expected the names 
of new members of the executive council of the Foundation will be proposed on this 
occasion. 
From the past and present activity of the Foundation it is clear that it continues to follow its 
goals. 

Andrej Plesničar, MD 
Tomaž Benulič, MD 
Borut Štabuc, MD, PhD 
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Instructions to authors 

Eclitorial policy or thc journal Radiolog_)' and Onco/ogy 
is to publish original scicntific papcrs, professional papers, 
review articlcs. casc reports and varia (editorials, revicws, 
short colll1m111ications. prol'cssional inl'or!llalion, book rc
views, lclters, ctc.) pertinent to diagnostic and intervcn
tional radiology, computerised tolllography, lllagnetic reso
nance, ultrasound, nuclcar medicine. radiothcrapy, clinical 
and experilllental oncology, radiobiology, radiophysics and 
radiation protection. The Editorial Board requires that the 
papcr has not bcen published or submiltcd l'or publication 
clsewhcrc: the authors are rcsponsible l'or ali state!llcnts in 
thcir papcrs. Accepted articles become the property or thc 
journal and therel'orc cannot be published dsewherc with
out wrilten perlllission frolll the editorial board. Papcrs con
ccrning the work on humans, Jllust cornply with the princi
ples of the declaration or Helsinki ( 1964). Thc approval of 
the cthical colllllliltcc nrnst then bc stated on thc !llanu
script. The editors rcservc thc right to reject a paper with 
qucstionablc justilieation. 

Suhmission ofmanuscript: Manuseripts wriltcn in Eng
lish should be submilted in triplicate (the original and two 
copies), including the illustrations to the Editorial Orlice: 
Radiology and Oncology. Institute of Oncology, Vrazov trg 
4, Sl-1105 Ljubljana, Slovenia: (Phone: + 386 61 1320068, 
Fax: +386 61 13 14 180, c-mail: oshrestha@mail.onko-i.si). 
Authors are askcd to submit their manuscripts also on a 3.5'' 
1.44 Mb fonnatted diskeltc. Thc type of computer and word
processing package should be specilied (Word for Win
dows is prel'crred). 

Ali a11icles are subjected to editorial review and review by 
two indepcndent ret'erces sclected by the cditorial board. 
Manuscripts which do not cornply with thc technical require
lllents stated here will be rcturned to thc authors for correc
tion before the review or thc rel'crees. Rejccted manuscripts 
are generally rcturned to authors. howeve1; the journal can
not be held responsible for their loss. Thc editorial board 
reserves the right to ask authors to lllakc appropriate ehanges 
in thc content as well as gramrnatical and stylistic corrcctions 
when necessary. The expcnscs of additional cditorial work 
and requests for rcprints will be charged to the authors. 

General instructions: Radiology and Oncology will con
sider lllanuscripts prepared according to the Vancouver 
Agrecment (N Eng! J Med 1991; 324: 424-8. BMJ 1991; 
302: 6772.). Typc the manuscript double spaccd on one side 
with a 4 clll margin al the top and lert hand side or the sheet. 
Write the paper in grammatically and stylistically correct 
languagc. Avoid abbreviations unless previously cxplained. 
Thc technical data should conlirm to the SI system. The 
1nanuscript. including thc rel'crences may not exceed 15 lypc
writtcn pages. and the number or ligures and tables is limitcd 
to 4. lf' appropriatc. organisc thc text so that it includes: 
lntroduction. Material and rncthods, Rcsults and Discussion. 
Exceptionally, the rcsults and discussion can bc combined in 
a single scction. Start each scction on a new pagc and nulllber 
thesc consccutivcly with Arabic numerals. 

171/e page should include a concise and descriptive titlc 
for the paper: thc l'ull name(s) or the author(s): the institu
tional af'liliation of cach author; the narnc and address of the 
corresponding author (including tclephone, fax and e-mail) 
and abbreviated title. This should be followcd by thc ab
stract page. summarising in lcss than 200 words the reasons 
for the study, cxperimental approach, thc major lindings 
(with specilic data il' possiblc). and thc principal conclu
sions. and providing 3-6 kcy words for indexing purposes. 
The tcxl of the report should thcn procced as l'ollows: 

l11/J'()c/uclio11 should dcscribe the background of the in
vestigation, citing only the esscntial references and stating 
the aim or thc study. 

Material wul 111e1hods should provide enough informa
tion to enable experiments to be rcpeated. New rnethods 
should be describcd in detail. Research on human and ani
mal subjects should indicalc tliat ethical approval of the 
study was obtained. 

Results should be prescnted clearly and concisely with
out repcating thc data in thc tables and ligures. Emphasis 
should be on clear and prccise prescntation of rcsults and 
their signilicancc in rclation to thc aim of the investigation. 

Discussion should cxplain the results, and not simply 
repeat them, interpret their signilicance and draw conclu
sions. It should review the results of thc study in the light of 
previously published work. 

Illnstrations ancl tables: All illustrations and tables must 
be numbered and rcf'crrcd to in the texl, with appropriate 
location indicated in thc text margin. Illustrations musl be 
labelled on thc back with thc author's name, figure number 
and orientation, and should bc accompanied by a descrip
tive legend on a separatc page. Line drawings should be 
supplied in a form suitable for high-quality reproduction. 
Photographs should he glossy prints of high quality with as 
much contrast as the subject allows. They should be cropped 
as close as possible to the area or interest. In photographs 
mask the identities or the patients. Tables should be typed 
with double spacing with descriptive title and. if appropri
atc, units of numcrical mcasurelllents includcd in column 
heading. 

Rcfcrences: Numbcr the references in the order in which 
they appear in the texl and quotc their corresponding num
bers in the text. Authors are responsible for the accuracy of 
their rcferenccs. Rcferences to thc Abstracts and Letters to 
the Editor must bc identilied as such. Citation of papers in 
preparation, or submilted for publication, unpublishcd ob
servations, and personal communications should not bc in
cluded in thc rcl'crencc list. lf esscntial, such material may 
be incorporatcd in the appropriate place in t he tcxt. The 
style or rel'crences is that of lndex Medicus. Ali authors 
should be listed when their number does not exceed six; 
when there are seven or more aulhors, the lirst six listed are 
followed by "ct al". The following are some examples of 
references from articles. books and book chaptcrs: 

Deni RAG, Cole P. !11 vi//'() maturation of monocytes in 
squamous carcinoma or the lung. Br J Cwu:er 1981, 43: 
486-95.

Chapman S, Nakiclny R. ;\ guide 10 rndiological /J/'{}C!'

dure.,·. London: Baillicrc Tindall, 1986. 
Evans R, Alexander P. Mcchanisms of extracellular kill

ing of nuclcated 111a1111nalian cells by macrophages. In: Nel
son DS, cd. l111111111wbiology 1!f' 111a1'!'0JJIWge. New York: 
Acadcmic Press, 1976: 45-74. 

Pagc proofs will be faxcd to thc corresponding author 
whcnever possible. It is their rcsponsibility to check the 
proof's carefully and fax a table of essential corrections to 
the editorial oflice within 48 hours of receipt. 1 f corrections 
are not rcccived by thc stated dcadline proof'-reading will 
bc carried out by thc cditors. 

for reprint i11/i1mw1io11 in Norih !\merica C1111tacl: lllter-
11atio11a! Repri111 C111po/'llli1111 968i\d111i/'lll Callaghan Lane, 
# 268 P O. Bo.r /20(J.I., Va/!ejo: Ci\ 94590, 1i•/: (707) 553 
9230, far: (707) 552 95U. 
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