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Laser angioplasty and thrombolytic treatment f or femoral artery 
ocdusion 

Wlodzimierz Otto,1 Olgierd Rowinskit Piotr Malkowski, 1 Pawel Paczkowski, 1
Bogdan Pmszynski, , Andrzej Karwowski1 

1 Clinic of General Surgery & Liver Diseases, 2 II Department of Rentgenodiagnosis,
Medica[ Academy of Warsaw, Warsaw, Poland 

Among 27 patients with femoral artery occlusion that were treated by transluminal N d: Y A G laser 

angioplasty, in 16 patients the procedure was combined with intraarterial infusion of rTP A (Actilyse 

- Boehringer lng).

In 5 out of II patients from the initial group recanalization was not successful. In 16 patients from

rTP A group satisfactory immediate results were achieved in alf cases. In long tirne observations

ranging from 9 to 24 months alf patients remained free from symptoms, although in 4 out of them

angiography and Doppler ulirasound examination reveal no flow in femoral artery. In the remaining

12 patients (75 %), the previously occluded artery is patent.

No complications of laser angioplasty nor intraarterial infusion of rTP A were noted in this series.

Key words: arterial occlusive diseases-therapy; femoral artery; thrombolytic therapy; angioplasty, 

laser 

Introduction 

Laser angioplasty is the new method of treat

ment in some cases of arteriosclerotic occlusion 

of peripheral arteries, resulted in ischemia of 

lower extremities.1-4 Among different laser ap

plicators, the Neodymium: Yttrium - Alumi

nium - Garnet laser (Nd:YAG) appeared to be 

the most suitable instrument for such procedu

re. 5 -7 Compared to other lasers, the Nd:YAG 

is much more powerful and allows to perform 

angioplasty with sapphire or ceramic tips at the 

end of laser fiber. This contact method of laser 

Correspondence to: Wlodzimierz Otto, MD, Clinic of 
General Surgery & Liver Diseases, Medica! Academy 
of Warsaw, Babacha la, 02-097 Warsaw, Poland 

UDC: 616.137.87-005.6-08 

recanalization is performed in different centers 

and generaly accepted, as presented in many 

publications. 3 -10 

Many observations also indicate that mecha

nical or thermal methods of the artery recana

lization should be combined with thrombolytic 

treatment. The recombinant tissue-type plasmi

nogen activator (rTP A) seems to be the best 

agent in these cases, much more safe and 

effective that urokinase or streptokinase.11-14 

We would like to present our own experience 

in the treatment of femoral artery occlusion 

with the method of laser angioplasty, combined 

in 16 cases with intrarterial infusion of rTP A. 

Materials und methods 

In the Clinic of General Surgery & Liver Dise-
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Figure l. Initial arteriography just before recanaliza
tion. 

ases and the II Department of Rentgenodiagno
sis, Medica! Academy of Warsaw, the procedu
res have been performed since 1991. We use 

SLT (Surgical Laser Technology), Nd:YAG 

laser and contact method of vaporization. 
The laser fiber is introduced to the lumen of 

artery in antegrade fashion by Seldinger techni

que, and angiography is performed to localize 

precisely the proximal wedge of occlusion. Then 

the sapphire tip is positioned close to it under 
fluoroscopy. Recanalization is proceeded in 

step by step fashion with 8 to 12 watts, at I 

seccond of power output. The position of the 

laser fiber tip and the state of recanalization is 

continously observed under fluoroscopy during 
the tirne of procedure. Arteriography is made 
as well, by means of infusion of small amount 

of contrast medium after each step of recanali

zation (Figure 1). 

When the recanalization of artery is succes

sfully achieved, the laser fiber is passed through 

the place of occlusion for severa! times to 

enlarge lumen of recanalized artery and make 

the canal more smooth. Despite of successful 
laser recanalization, the procedures were com

pleted with baloon angioplasty in ali cases (Fi
gure 2, Figure 3). 

The procedure was carried out in 27 patients, 
20 males and 7 females. The average age was 
58. In ali cases the diagnosis was established

by arteriography and ultrasound Doppler exa

mination which indicated femoral artery occlu

sion, ranging from 2 to 16cm in Iength. Ali
patients suffered from ischemia of lower extre
mity for severa! weeks and were in II - III stage
of ischemia, according to Fontain scale. Ali of

them were excluded from operative treatment
due to respiratory and circulatory insufficiency,

or did not want to be operated upon. A day

prior to the procedure, ali patients received 3

tablets of aspirin. On the day of procedure, in
the initial group of 11 patients we used heparin,

administered as bolus injection in dose of

5 000 u., followed after recanalization by intra-

Figure 2. Successfull recanalization was achieved. 
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Figure 3. Laser procedure is completed with baloon 
angioplasty. 

venous infusion of heparin in dose of 1 000 
u./hour during 2-3 days. 

In the next group of 16 patients laser angio
plasty was followed by infusion of rTP A (Acti
lyse - Boehringer Ing.) in dose of 2 mg / hour 
administered intraarterial during 10 hours. 

Ali patients were treated subsequently with 
dicumarol and the flow through the femoral 
artery was controlled by clinical and Doppler 
ultrasound examination. 

Results 

In the initial group of 11 patients, treated with 
laser angioplasty and heparin, in 5 patients the 
procedure failed. In 3 of them perforation of 
the artery occured, resulting in immediate leg 
amputation in 2 patients. In 2 others laser 
recanalization was not successful, followed the 
amputation of extremity soon. Two patients 
died. 

In 6 patients successful recanalization of the 
artery was achieved and they were discharged 
from hospital free from symptoms. 

In the group of 16 patients, treated with 
laser-baloon angioplasty and the infusion of 
rTP A, complications have not been noted. Full 
recanalization of artery and the release of sym
ptoms was achieved in all cases, as confirmed 
by arteriography done at the end of procedure 
in each patient (Figure 4, Figure 5). 

All patients who underwent successfuly reca
nalization, remained free from symptoms from 
9 to 24 months, averagely 9 months. As confir
med by Doppler ultrasound examination, the 

Figure 4. Artcriography before and aftcr recanaliza
tion in patient with femoral occlusion. 

Figure 5. The same situation in patient with popliteal 

occlusion. 
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artery is patent in 70 % , with normosystolic 
flow through the recanalized lumen. In 30 % , 
Doppler usg indicates structure or partial reoc
clusion of artery, however, there are no syp
toms of ischemia observed, at the <listal part of 
the extremity in these patients. 

Discussion 

Transluminal laser-baloon angioplasty is a rela
tively new method of treatment, however, in 
few centers around the world hundreds of such 
procedures have been done successfuly. The 
observations indicate that the laser recanaliza
tion, especially when combined with thromboly
tic treatment, may be as effective as surgery in 
some cases of artery occlussion due to arterio
sclerosis.1-3, 5, 7-9 

Our observations seem to confirm the others 
experience. Effective recanalization of the ar
tery was achieved by contact Nd:YAG laser 
waporization in most of our patients. The best 
results were observed in the middle-aged pa
tients, in whom the length of occlusion pid not 
exceed 7-8cm and was localized in canal of 
Hunter. The longer occlusions and occlusions 
localized in popliteal artery, especially in old 
patients were much more complicated. 15· 16

The procedure of laser angioplasty is generaly 
free from pain, except the infusion of contrast 
medium. During procedure maximum attention 
must be given to the position of the laser tip 
inside the artery. All the tirne when the laser 
beem is applied, the tip should remain in touch 
with atheromatous plaques. The applieance of 
laser energy without close contact to the occlud
ing changes increases thermal damage but di
mishes the efficacy of vaporization and may 
cause perforation of the artery. Thus the laser 
fiber should be pushed very gently along the 
artery, always against the delicate resistance at 
the end of the fiber. 

On the other hand, one should be very 
careful and not push the fiber too hard. It is 
relatively stiff and may produce mechanical 
perforation of the wall of artery. Pain that is 
felt by patients is usually the only one but the 
most important signal of perforation. This se-

rious complication occured in 3 out of 11 pa
tients from the first group, to whom laser 
angioplasty was applied initialy. Undoubtedly, 
uncomplicated recanalization that was achieved 
in the second group of 16 patients treated with 
additional infusion of rTP A should be related 
to increasing experience and more knowledge 
in the laser use. Also the patients were chosen 
to the procedure much more carefully, as well. 

The perforation of artery is the most serious 
problem. Thermal and mechanical damager 
during the procedure are the most common 
reasons for this complication. The damage 
might be the result of faults in the laser tip 
construction resulting in non-axial distribution 
of emitted energy. More often it is caused by 
technical faults in the procedure itself. Never
theless, it is not neccessary to terminate the 
procedure when perforation of the arterial wall 
occurs. According to ghe majority of observa
tions the fina! outcome depends on successfull 
recanalization of the artery and restoring of 
normal blood flow distally to the occlusion. 
Therefore the procedure should be continued, 
unless recanalization could not be achieved.1-4· 

6

The recanalized part of artery presents itself 
as an irregular canal. In some places strictures 
and persistent occlusions may be seen. They 
cannot be vaporized with the laser without the 
risk of artery perforation, so the procedure 
must be completed by baloon dilatation. This 
remains the golden standard of the laser angio
plasty. The supposition that the arterial wall 
after laser recanalization is fragile and more 
prone to rupture from the baloon pressure is 
not confirmed by clinical observations. 5· 7-

10

It is currently proposed to combine thermal 
or mechanical angioplasty with additional 
thrombolytic therapy. The potency of different 
agents for thrombolysis and farmacologic reca
nalization of the artery occluded by atheroscle
rosis is well known. According to some obser
vations recombinant tissue-type plasminogen 
activator (rTP A) presents the highest thrombo
lytic potency and is much more effective and 
safe than streptokinase or urokinase. Short 
tirne of activity of rTP A may be easely and 
effectively controlled, enable if neccessary, ope-
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rative treatment also in emergency conditions. 

Indication for thrombolytic therapy is periphe

ral ischemia observed in some patient after 

angioplasty procedure. It may occur despite of 

successful recanalization of the main arterial 

trunk and is presumably caused by emboli in 

peripheral arteries due to remnants of arterio

sclerotic plaques fragmented during the proce

dure. Therefore, thrombolytic treatment seems 

to be the logical support of transluminal angio

plasty .11-14 

Intrarterial infusion of rTP A (Actilyse Boe

hringer Ing.) was very well tollerated in our 

patients. No complications nor side effects were 

observed during the treatment. We did not 

observe any reoclusion nor peripheral thrombo

sis. 

Our observations presented in this paper 

represent preliminary experience in the treat

ment of lower extremity ischemia due to arte

riosclerosis with percutaneous, transluminal 

methods. The small number of patients does 

not permit us to draw definite conclusions. It 

seems, however, that transluminal laser-baloon 

angioplasty combined with thrombolytic treat

ment with rTP A is effective and may be an 

alternative to surgical treatment in selected 

cases. 

Conclusions 

l. Nd:YAG laser baloon angioplasty may be

effective method of treatment in selected cases

of femoral artery occlusion.

2. Additional intraarterial infusion of rTP A

improves the effects of laser baloon angioplasty.
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Value of ultrasound in the diagnosis of acute appendicitis 

Ivan Drinkovic, Boris Brkljačic, Drago Odak, Andrija Hebrang 

University hospital "Merkur" Center far ultrasound diagnostics, Department of Radiology, 
Zagreb, Croatia 

Acute appendicitis is the most common surgical disease. Incidence of appendectomies performed for 

suspected acute appendicitis is rather high, although some other diseases may mimick appendicitis. 

10-30 % of appendectomies are pe1formed unnecessarily. Using ultrasound diagnostics the number

of unnecessary operations was reduced to 2.85 %, the number of nonrecognized cases of appendicitis

to 7%, while in 24.9% of patients prepared for surgery due to the picture of acute appendicitis,

another disease was found, and operation avoided. Ultrasound specificity was 94 %, sensitivity was

89 % and accuracy 90 %. Based on the results of our investigation, ultrasound examination of the

appendix has proved to be highly recommendable as a routine method in the preoperative treatment

for appendectomy.

Key words: Appendicitis ultrasonography 

Introduction 

Acute appendicitis presents the most common, 
though diagnosticaly very delicate indication 
for surgical operation. In spite of all clinical 
indications, as much as 30 % of patients with a 
suspected appendicitis are operated on without 
real need because some other disease was misin
terpreted as appendicitis.1

•
2 

Ultrasound diagnostics using high resolute 
transducers, suprapubic and transvaginal exami
nation methods, the appendix compression 
technique, as well as the diagnostic criterion 
calling for appendix visualization, wall thickness 
greater than 4.0 mm and transudate formation 
all enable the high accuracy of the diagnosis of 
appendicitis and its attendant complications. 3-!0 

Correspondence to: Ass. prof. Ivan Drinkovic Ph.D. 
M.D. University Hospital "Merkur", Zajčeva 19, Za
greb, Croatia

UDC: 616.346.2-002-073:534-8 

The aim of this study was to evaluate transab
dominal and intravaginal ultrasonography in 
the diagnosis of acute appendicitis, that is, to 
evaluate its role in preventing an operative 
procedure indicated by the incorrect diagnosis. 

Materials and methods 

During a 10-year period, in collaboration with 
the Emergency Surgical Service of the Depart
ment of Surgery, the "Merkur" University Ho
spital, 570 patients suspected of having appen
dicitis on the basis of clinical and laboratory 
findings, were ultrasonographically examined. 
After a complete examination, transabdominal 
ultrasonography toget�er with an additional in
travaginal ultrasonography in women, were per
formed using high resolute transducers. 

Of 570 patients, 385 were submitted to ope
ration, and 185 remained under frequent clinical 
follow-up in order to confirm or rule out appen
dicitis. 
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Ultrasonographic examinations were perfor

med by three well-trained sonographers. No 

tirne limits for the examination were imposed, 

and the diagnostic criterion of appdenicitis call

ed for the following parameters: 

l. appendix visualization

2. dosed transducer compression and pain

3. wall thickness >4,0 mm

4. perityphlitic abscess visualization

The following equipment was used for exami

nation : the Radius CF GI, RT 4000, RT 3600, 

RT 2800, all provided with 7 ,5 MHz transducers 

and the first two also with additional 7 ,5 MHz 

intravaginal transducers. 

Results 

During a 10-year study 570 patients with clinical 

symptoms of appendicitis, accompanied with 

increased temperature and leukocytosis, were 

examined. Using ultrasonography, acute appen

dicitis was suspected in 385 patients by the 

above mentioned criteria, while in 185 patients 

the diagnosis of appendicitis was ruled out or 

was uncertain. 

Open or laparoscopic surgery was performed 

in 385 patients. In 11 patients ultrasound diag

nosis was not accurate, the picture of appendi

citis having been simulated by inflammatory 

bowel diseases, adentis, or inflammatory altera

tions in the small pelvis. 

A hundred and eighty-five patients ultrasono

graphically diagnosed without the signs of ap

pendicitis or with suspected appendicitis were 

followed-up intensively in the course of 5 days, 

and in 42 patients a clinical picture of appendi

citis eventually developed, in some of them 

subsequently recognized at sonography. These 

42 patients were submitted to surgery. 

Sensitivity of the examination was 89 % , spe

cificity was 94 % and accuracy 90 % . 

Discussion 

Despite the apparently manifested symptoms of 

appendicitis in most of the patients, the diagno

sis of acute appendicitis can be difficult in a 

smaller group of patients including especially 

children, pregnant women and elderly people. 

Certain gastrointestinal diseases, genitourinary 

system diseases and obstretric and gynaecologi

cal diseases present particular problems in dif

ferential diagnosis. 

Even with ali laboratory and clinical examina

tions available 10-30 % of the patients diagnos

ed with appendicitis are operated on without a 

real reason as actually suffering from a disease 

other than appendicitis, eg. disease of some of 

the systems mentioned above. 

Using ultrasonography the number of unne

cessary operations on our patients was reduced 

to only 2.85 (11 % ) of patients. 

Figure l. Shows thc thickcncd wall of the appcndix 
> 4,00mm.

Figure 2. Shows the thickened wall of the appendix 
up to 4,0 mm with formcd perityphlitic abscess. 
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It shoud be mentioned that ultrasonography 

prevented 185 patients (32.4 % ) from being 

operated on due to failure to recognize or 

establish a certain diagnosis of appendicitis, 

and that intensive follow-up of patients enabled 

a stili timely operation in 42 of them (7 % ) . 

thus avoiding possible complications. 

The use of ultrasonography prevented an 

unnecessary operation in 142 (24.9 % ) patients. 

When assessing acute appendicitis all clinical 

and laboratory parameters, as well as ultrasono

graphic parameters of inflammation including 

the wall thickness greater than 4.0mm and 

liquid, ie. perityphlitic abscess formation should 

be observed. (Figure 1, 2) 

It is very important to use the dosed compres

sion technique with appendix visualization, as 

well as pain registration, which additionaly im

prove examination accuracy. 

Intravaginal ultrasonography was of great im

portance in diagnosing obstetric and gynaecolo

gical disorders in patients in whom it was not 

possible to diagnose appendicitis or the diagnos

is was not certain at transabdominal ultrasono

graphy. Uncertain ultrasonographic diagnoses 

of appendicitis despite well-founded clinical su

spicion, indicate on the basis of our results, the 

necessity of intensive follow-up of patients in 

the subsequent several days because of the 

inability of ultrasound to approach the retro

coecal location and atipical site of the appendix, 

and the possibility of paretic and thickened 

bowel loops to simulate appendicitis. 

According to our investigation, we recom

mend the ultrasonographic examination of 

acute appendicitis as a complementary diagno

stic method which by its advantageous possibi

lity of using the additional intravaginal examina

tion technique in doubtful cases, provides a 

significant reduction of unnecessary surgical 

procedures. 

In our study the use of intravaginal ultrasono

graphy has significantly reduced the number of 

positive diagnosis of appendicitis in women 

which suggests that this examination method 

should be used in this population of patients 

paralel to suprapubic examination. 11 

Conclusion 

Ultrasonographic examination of the appendix 

has become a complementary diagnostic me

thod in the recognition of acute appendicitis. 

It is of a particular importance in children, 

pregnant women, elderly people, and in all 

patients with atipical clinical presentation. The 

use of intravaginal transducer and the 7 .5 MHz 

transducer in suprapubic examination improves 

the accuracy of the diagnostic procedure. This 

examination method reduced the number of 

unnecessary operations to only 2.5 % of patients 

and was inefficient in the detection of appendi

citis in only 7 % of patients. Satisfactory speci

ficity and sensitivity accompanied with sufficient 

accuracy argue for the desirability of the intro

ducing ultrasonography in the routine examina

tion procedure of acute appendicitis. 
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Color-Doppler in the diagnosis and postoperative follow-up of 
varicoceles 

Ivan Drinkovic, Boris Bddjačic, Vesna Stepanic, Andrija Hebrang 

Center for Ultrasound Diagnostics, Department of Radiology, University Hospital Merkur, 
Zagreb, Croatia 

Color-Doppler is a recent diagnostic method which besides palpation, ultrasonography, Doppler 

and phlebography is routinely used in the diagnosis of the varicocele of the testis, the disease which 

is the very common cause of sterility in males. 

In 39 completely examined patients, we performed the color-Doppler analysis of varicoceles prior 

to and following the surgery, as well as the follow-up examination using phlebography. 

Color-Doppler showed high sensitivity of 91 per cent and specificity of 83 per cent. At postoperative 

examination color-Doppler showed a persistent varicocele caused by accessory veins not visualized 

at phlebography in 6 per cent of patients. 

The importance of color-Doppler examination as a routine preoperative and postoperative diagnostic 

method, is presented in this paper. 

Key words: varicocele; ultrasonography, Doppler, color 

Introduction 

Varicocele is a disease caused by the incompe

tence of the valvular apparatus of the interna! 

spermatic vein accompanied by compromised 

venous blood flow through the testes and in

creased temperature of the scrotum, which is 

considered the main cause of disorders in sper

matogenesis. 

It is the cause of sterility in as much as 40 

per cent of infertile males, 1•
2 and in fertile 

young males varicoceles can be found in 10-15 

per cent of cases.3
-
5 
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The detection of a varicocele and its timely 

treatment can improve fertility in as much as 

51-85 per cent of patients.

Besides other available methods the diagnosis

of varicocele is also possible with color-Dop

pler, while the phlebography of the interna! 

spermatic vein is the "golden diagnostic stan

dard" in its detection. 

In this study we present the value of color

Doppler in the detection of varicocele, as well 

as the feasibility of the application of this 

non-invasive method in determining the success 

of the operative procedure. 

Materials and methods 

In 39 patients treated endocrinologically for 

sterility varicocele was suspected as the main 

cause of sterility. 
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Besides endocrinologic tests, palpation, co

lor-Doppler examination and phlebography of 

the internal spermatic vein were performed. 

Positive finding on the phlebography of the 

internal spermatic vein was an indication for 

surgery, and 4 days following the procedure all 

patients operated on were examined by color

Doppler to evalute the result of the procedure, 

ie. the existence of accessory veins. Patients 

ranged from 24 years to 42 years in age. 

Bimanual palpation of both testes was applied 

as the first diagnostic method. Color-Doppler 

examination in the prostrated and upright posi

tion with increased intra-abdominal pressure 

was performed after that. The same examina

tion procedure was repeated 4 days after the 

surgery. The scanner Radius CF with a 7 .5 MHz 

probe with possibility of low-velocity flow ana

lysis was used. 

Phlebography of the internal spermatic vein 

was performed using the standard technique: 

by introducing the catheter into the left then 

right internal spermatic vein and by their visua

lization with the radiologic contrast medium, 

followed by the determination of the venous 

insufficiency degree. 

Varicoceles confirmed at phlebography were 

operated according to the Palomo method con

sisting of the high ligation of the artery and 

spermatic vein. 

Results 

Comparing clinical findings with the findings of 

color-Doppler examination and spectral analy

sis, ie. monitoring the direction of venous blood 

flow and the finding of phlebography as the 

gold standard, we found out that in 39 patients 

the clinical finding at inspection and palpation 

was a suspected or palpated incipient varicoce

le. 

Retrograde blood flow, ie. a change of colour 

at the color-Doppler under increased abdominal 

pressure was visualized in 31 patients or 79 per 

cent, while in 8 patients or 20.5 per cent 

color-Doppler finding, ie. spectral analysis were 

not indicative of the existence of a varicocele. 

A follow-up phlebography, performed in all 

patients as a part of the routine preoperative 

treatment, revealed varicoceles in 33 patients 

(83.6 per cent), and normal finding in 6 patients 

(15.6 per cent). 

The positive finding at phlebography was an 

indication for operative treatment, and 33 pa

tients were operated on. Due to the possible 

incidence of accessory veins, ie. persistent vari

cocele, the color-Doppler examination was per

formed immediately after surgery to evaluate 

its success, as well as the accuracy of phlebo

graphy. 

The value of ultrasonography in the preope

rative treatment compared to phlebography 

showed sensitivity of 91 per cent and specificity 

of 83 per cent. In respect to phlebography 9.1 

per cent were false negative, and 16. 7 per cent 

were false positive. 

Postoperative examination of 33 patients sho

wed that phlebography failed to reveal aberrant 

veins in 2 patients (6 per cent), and that a 

varicocele persisted further as a consequence 

of venous drainage by veins which were not 

visualized by phlebography. 

Discussiou 

Varicocele is a varicose condition of the veins 

of the pampiniform plexus mainly appearing on 

the left testis, and appearing also on the right 

testis, though in a smaller number of patients. 

Clinical symptoms can be different, varying 

from local discomfort to abnormal semenogram 

in younger males connected with infertility. 

Diagnostic procedure of varicoceles can in

dude palpation, termography, ultrasonographic 

examination, Doppler examination, color-Dop

pler examination and phlebography which is 

considered the golden standard for discovering 

varicocele, as well as for the gradation of vari

coceles, resulting in the possibility of interven

tional therapy during the examination.6 

Palpation has proved an uncertin method, 

especially in small varicoceles. In our study we 

compared color-Doppler finding with the fin

ding of phlebography and spectral analysis of 

the Doppler curve and the result of monitoring 

the direction of blood flow with the contrast 
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Figure l. Shows the veins of the pampiniform plexus 
above the testes in which venous flow is discernible 
as blue colour, in this picture as dark shadows (ar
rows). 

Figure 2. In the Valsalva's maneuver the red coloured 
pampiniform plexus is visualized above the testes 
which is shown in the black-and-white picture as a 
white shadow, and corresponds to the retrograde high 
velocity flow; it is an indication of the pampiniform 
plexus varicosity. 

radiographic visualization of the spermatic vein. 

(Figure 1, Figure 2). By comparing these diag

nostic modalities, the degree of their accuracy 

was found to be very similar. However, the 

advantages of color-Doppler are its non-invasi

veness, low cost and little tirne needed to 

perform the examination. 

In spite of phlebography being considered 

the golden standard in the diagnostics of varico-

celes, color-Doppler examination must be addi

tionally performed after phlebography, as well 

as after surgery because of its ability to discover 

the existance of a persistent , aricocele, caused 

by the incompetence of the \'alvular apparatus 

in the accessory veins which often fail to be 

visualized at phlebography. High sensitivity and 

high specificity are comparable with the results 

of some other authors.7
-
9 

Non-invasiveness of this diagnostic method, 

and good results in comparison with phlebo

graphy are suggestive of the need for introdu

cing such examination into the diagnostic proce

dure as a routine method in young males with 

spermatogenesis disordes. In our study, unlike 

other diagnostic methods, especially palpation, 

color-Doppler has proved a much more reliable 

diagnostic method. Postoperative color-Dop

pler examination of the patients in whom vari

coceles have been proved at phlebography, as 

well as at surgery, and of the patients treated 

by an interventinal radiographic procedure, is 

also mandatory because of the ability of color

Doppler to detect the existence of a persistent 

varicocele caused by the accessory veins which 

can further continue obstructing spermatogene

sis. 
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Venous thrombosis of the portal system. 
Etiology, diagnosis and treatment - analysis of 225 cases 
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The authors presen/ the material of 225 patients, treated since 1975, with various forms of portal 
system venous thrombosis (PSTV), of various origin and etiology. The largest group (120 patients) 
were the young people suffering from portal hypertension due to pre-hepatic venous obstruction of 
uncertain etiology, lasting since childhood. The next group consisted of 75 patients with !iver 
cirrc/zosis coexisting with PSTV. In other cases PSVT was diagnosed as coincident with: Budd-Chiari 
Syndrome (8 cases), !iver tumors (9 cases), chronic pancreatitis (3 cases), and polycythemia (2 
cases). In 3 cases PSVT developed postoperatively and in 5 was the result of oral contraceptives. 
The course of the disease depended on extensivity and dynamism of thrombosis, but consequently 
led to the development of portal hypertension. The most effective diagnostic procedures were: 
computed tomography (CT) and ultrasonography Doppler flowmetry (SG), detecting PSVT in 96 %
and 95 % of cases, respectively. Bleeding esophagal varices required either sclerotherapy (152 cases) 
or surgical treatment-decompressive shunts (26 cases) or »non-shunts« procedures (20 cases). In the 
cases of recent thrombosis, without bleeding varices, thrombolytic therapy was effective in all 6 cases. 

Key words: portal vein: thrombois 

Intrnduction 

Portal system venous thrombosis ( PSVT) was 

believed to be a rare phenomenon. Not more 

than 1000 cases of this pathology have been 

reported in the literature since 1901. l-6 Recen

tly, thanks to the development of noninvasive 

diagnostic imaging procedures (Doppler ultra

sound and dynamic CT-scan) the diagnosis of 

PSVT is being established much more frequen

tly. 3. s. 7-10 

UDC: 616.147.4-005.6 

Liver cirrhosis is recognised as the most com

mon condition coexisting with PSVT. 1
•

3
•

6 De

crease of the portal blood flow is probably the 

main factor enhancing the development of 

thrombosis.4• 6·9 The frequency of PSVT in cir

rhotic patients is estimated by different authors 

at 5 to 25 per cent. 1. 3
,

6
-
9 The clinical features

of !iver cirrhosis coexisting with PSVT (»double 

block« of portal flow) do not essentially differ 

from those of portal hypertension caused by 

cirrhosis alone. The dominating symptoms are: 

large esophageal varices with high bleeding 

tendency and progressive impairment of !iver 

function. 1• 6·9 
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The other conditions predisposing to PSVT 

are !iver tumours ( often accompanying !iver 

cirrhosis), carcinoma of the gallbladder, pan

creas and stomach, inflammatory processes wit
hin the abdominal cavity (pancreatitis, peritoni

tis, Crohn disease).3• 9• 1 1-13 In !iver tumours

thrombosis involves mainly the intrahepatic 

branches of the portal vein, 12 • 14 while in the

other cases its' main trunk and splenic vein. 13 

The less frequent causes of PSVT are trauma, 

including iatrogenic lesions at the tirne of sur

gery (most commonly splenectomy)15· 16 and

hypercoagulation conditions (puerperium, poly

cythaemia, paroxysmal nocturnal hemoglobinu

ria and congenital antithrombin III deficien

cy) .16
· 
17 More recently the coexistence of PSVT 

with Budd-Chiari syndrome was reported. 16• 18 

The increasing incidence of PSVT in young 

women using oral contraceptives is also note

worthy. 7, 16, 18, 19 

In a considerable number of cases of PSVT 

the etiology remains unknown. 16· 20 It concerns

most of patients treated for portal hypertension 

due to pre-hepatic obstruction of portal flow, 

second, after cirrhosis, reason of gastroesopha

geal varices,2 1• 22 According to some authors the

role of neonatal umbilical infection, resulting 

in umbilical and portal thrombosis is overesti

mated. 16· 21 Retrospective investigations, only

in some cases of pre-hepatic block, have proved 

it's relationship to umbilical infection or throm

bosis. 21· 22 Anyway, the etiology of pre-hepatic

portal obstruction remains unclear.16
• 21 

In the symptomatology of PSVT, apart from 

the symptoms of primary disease (if present) 

the clinical features of portal hypertension do

minate. These include extensive collateral ve

nous circulation, gastroesophageal varices, and 

splenomegaly accompanied sometimes by abdo

minal pain, ascites and jaundice. Their intensity 

depends upon the degree of hemodynamic dis

orders of the portal venous system. 1• 6· 9, 13, 16, 20 

Material mul methods 

From 1975 to 1993 the diagnosis of PVST was 

established in 225 patients treated in the Depar

tment of General Surgery & Liver Diseases of 

Warsaw Medica! Academy. There were 100 

females and 125 males aged from 17 to 74 

(mean 38 years). In 197 cases the reason of 

admission was active or controlled bleeding 

from esophageal varices, accompanied in 35 % 

of patients by symptoms of !iver function im

pairment (jaundice, ascites, coagulopathy). 

Some of these patients had a long history of 

portal hypertension. Other indications for ad

mission were: suspected !iver tumour (9 cases), 

chronic pancreatitis (3 cases), upper abdominal 

pain (6 cases), ascites of unknown origin (6 

cases), splenomegaly alone (3 cases) and ultra

sonographic suggestion of portal vein obstruc

tion (1 case). 

All actively bleeding patients were treated by 

esophageal balloon tamponade and/or emer

gency sclerotherapy with simultaneous i. v. infu

sion of Vasopressin. As soon as the bleeding 

was controlled and the patients recovered, they 

were submitted ( except the previously diagno

sed patients) to diagnostic procedures including 

Doppler sonography (SG-94 pts), CT-scan (CT-

62 pts), celiac arteriography with venous phase 
(61 pts) and splenoportography (SPG-4 pts). 

Subsequently the patients were treated either 

surgically (26 decompressive shunting procedu

res and 20 non-shunt operations) or by repeated 

endoscopic sclerotherapy. Patients with portal 

and spenic vein thrombosis due to chronic pan

creatitis were treated conservatively. In 5 pa

tients with !iver tumors a partial hepatectomy 

was performe (in 4 cases the tumour were 

inoperable). Two patients with polycythaemia 

were referred to Hematology Department for 

chemotherapy. 

Ali patients with recent PSVT admitted du

ring 1975-1980 (3 with coexisting hepatic vein 

thrombosis and 2 with portal trunk thrombosis 

alone) were treated conservatively. Further 8 

patients, hospitalised after 1980, were submit

ted to thrombolytic treatment with Streptoki

nase (3 cases) and recently with recombinant 

tissue plasminogen activator (rt-PA, Actilyse). 

The analysis of the above presented group of 

patients with PSVT included the results and 

reliability of diagnostic imaging procedures and 

results of treatment regarding the etiology of 
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Figure 1. CT - Portal vcin thrombosis. 

PSVT or coexistence with predisposing disea

ses. 

Results 

SPG showed the presence of portal obstruction 

in each of 4 cases. The venous phase of arterio

graphy was conclusive in only 38/61 cases 

( 62 % ) . Apart from the SPG, which is not 

performed now, the highest reliability was attri

buted to SG and CT (Figure 1), detecting 

PSVT in 90/94 patients (96 % ) and 59/62 cases 

(95 % ) respectively. 

Results of various methods of treatment in 

particular groups of patients are presented in 

Table l. 

Discussion 

The most numerous was the group of patients 

presenting clinical symptoms of portal hyperten

sion due to pre-hepatic venous occlusion, in 

whom the diagnosis of PSVT was established 

in childhood and followed by long-lasting treat

ment including surgery and sclerotherapy. After 

having grown up they have been referred to us 

by pediatric centers for continuation of treat

ment. Most of them are young people in good 

general condition, often with partly recanalized 

portal system. They require, however, perma

nent medica! attendance and (not infrequently) 

repeated sclerotherapy. 21• 22 Regarding their 

past history, only few of them can be considered 

as candidates for surgical treatment. In our 

experience only in 5 cases we were able to 

perform a venous shunt; 2 patients with uncon

trollable recurrent variceal bleeding required a 

non-shunt surgery (splenectomy with gastroe

sophageal devascularisation, esophageal sta

pling). Generally, the results of treatment in 

this group are satisfactory, fatal cases of uncon

trollable hemorrhage bein rare.21• 22 

The coexistence of PSVT with !iver cirrhosis 
("double block") deteriorates the progno

sis. 1• 6• 9• 16 Gastroesophageal varices are usually 

very large and the frequency of recurrent mas

sive bleedings, followed by hepatic insufficiency 

is remarkably higher compared to other cases 

Table 1. Rcsults of various mcthods of treatment in particular groups of patients. 

Numbcr 
Etiology 

of . . d. 
. or coex1stmg 1scasc 

patlenls 

75 Liver cirrhosis 

120 Unknown ctiology 
PSVT sincc childhood 

9 Livcr tumors 
8 Budd-Chiari 

syndromc 
5 Oral contraceptives 

2 Polycythacmia 
3 Intraopcr. trauma 

225 Tota! 

Sex 

F M 

23 52 

62 58 

3 6 
6 2 

5 

2 
1 2 

100 125 

Treatment Hospital 
Surgical Non-surgical deaths 

Shunt Non shunt ES,S-B,V Thrombolytic Other 

21 8 16 (55%) 

46 9 (20%) 

5 12 1 (5,8%) 

103 4(3,8%) 

5 2 4 2 
3 3 (100%) 

3 SK, 3 rtPA o 

2 2 (100%) 
3 rtPA o 

2 o 

3 o 

S-B Balloon tamponadc, V= Vasoprcssin infusion, SK = Strcptokinasc, rtPA = Actilyse, ES = Endocsopic 

sclerothcrapy. 
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of portal hypertension. 1• 9 It was proved that 
the percentage of rebleedings and postoperative 
deaths is three times higher compared with 
patients with portal hypertension caused by 
!iver cirrhosis alone. 9 Intensive sclerotherapy
improves the results of treatment of patients
with "double block".9 

In the group of patients with !iver tumours 
there were 4 cases of hepatoma in the cirrhotic 
!iver. Two patients required sclerotherapy. The
resectability of the lesion depended on dimen
sions of the tumour itself, as well as the extent
of intrahepatic portal thrombosis. The fina!
intraoperative estimation has significantly im
proved since the intraoperative sonography is
used. It enables the exact identification of the
affected parts of the !iver tissue and occluded
branches of portal vein. 13· 14 

Our patients with PSVT and chronic pancrea
titis, as well as those observed by other authors, 
did not require any special treatment. 13 Spleno
megaly observed in 2 cases and ascites in 1 
case, were slowly decreasing during 2 years of 
follow-up, as the recanalization of occluded 
veins progressed. 

Chemotherapy (Hydroxycarbamide) admini
stered to patients with polycythaemia led to 
regression of thrombotic occlusions after 6 and 
9 months with decrease of ascites. One patient 
with PSVT, caused by intraoperative lesi on 
required sclerotherapy. In these cases thrombo
sis did not result in total portal occlusion and 
severe hemodynamic disorders, which explains 
a relatively mild course of the disease. 

Much more dramatic course, despite the ini
tially slight symptoms, was observed in patients 
PSVT, coexisting with trombosis of hepatic 
veins. All of 3 conservatively treated patients 

died of progressing !iver failure and massive 
variceal bleeding. Better results were achieved 
by thrombolytic treatment Streptokinase in 3 
and rt-Pa in 2 cases.7

• 
18 Significant clinical 

improvement appeared in the first day of treat
ment with rt-PA and after 2-3 days of Strepto
kinase therapy. Although the full recanalization 
of the occluded veins was not recorded, the 
Doppler flowmetry allowed to document a sig-

nificant increase of both portal and hepatic 
venous flow. 

Thrombolytic therapy with rt-PA was also 
administered in 3 cases of isolated portal throm
bosis caused by oral contraceptives. Ali these 
women had a short history (less than 1 month) 
of abdominal pain, splenomegaly and slight 
ascites.7 Also in these cases the therapy was 
started at the moment of diagnosis and resulted 
in rapid clinical improvement. In no case an 
immediate full recanalization of the thrombosed 
veins was seen at SG, but progressing improve
ment in portal flow was recorded at repeated 
Doppler examinations. After two years ali 3 
patients are doing well, with proved repermea
bilisation of the portal system and hepatopetal 

blood flow. It has to be stressed that in none 
of our paticnts with esophageal variccs throm
bolytic thcrapy caused variceal blcecling. 

Conclusions 

The etiology of PSVT is not uniform, in many 
cases it remains unknown. In cirrhotic patients 
the diagnosis of coexisting PSVT seriously dete
riorates the prognosis. Clinical features of 
PSVT vary in dependence upon the extensive
ness and dynamism of thrombotic proccss, but 
sooner or later portal hypcrtension develops 

with all its conscquences. 

Figure 2. Oltrasonography - Rccanalisation of portal 
vcin. 
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The most effective diagnostic methods are 

SG and CT, with preference for SG (Figure 2) 

because of it availability and safety. Repeated 

SG allovs a systematic monitoring of the disease 

and treatment results. In the cases of recent 

thrombosis early diagnosis enables effective 

treatment. 

In our opinion, every case of recent, progres

sing PSVT requires thrombolytic tgreatment, as 

the only means to achieve radical improvement, 

if not full recovery. 
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Direct sagittal computed tomography in diagnosis and treatment 
of interna) derangements of the temporomandibular joint 

Goran Roic, 1 Tatjana Klaric Jurkovic,2 Josip Panduric,2 Slavko Čop 1 

Children's Hospital, Zagreb, Croatia, 2 School o{ Dentistry, Department of Removahle 
Prosthodontic, Zagreb, Croatia 

Direct sagittal computed tomography (CTI), as a diganostic modality in the diagnosis and treatment 

of interna! derangements of the temporomandibular joint (TMJ), is reviewed. Direct sagittal CT 

demonstrates well the position and fitnclionil1g of the TMJ disc and is w1 excellent non-invasive 

diagnostic aid when using dental splint therapy to treat disc di.\jimctions and interna! derangements 

of the temporomandibular joint. Furthermore, this practicable non-invasive method al!ows direct 

visualisation and evaluation of the TMJ disc, hony structures and particular soft-tissue. 

Key words: temporomandibular joint diseases; tomography, x-ray eomputecl 

lntrnduction 

Temporomandibular joint (TMJ) dysfunction 

causes a variety of symptoms in the masticatory 

system ancl kynesiologically relatecl regions of 

the bocly, particulary in the cranial and cervical 

regions. I -J The main symptoms described in the 

literature are: temporomanclibular sounds, 

sensitivity or pain in the masticatory muscles, 

temporomanclibular joint pain, impaired mobi

lity of the manclible and irregular path of move

ment of the mandible.4 Headache and facial 

pain are often described as being connected 

with functional disturbances of the masticatory 

system.5
·
6 Conventional radiographic metbocls 

do not permit aclequate evaluation of this com

plex joint. The use of computed tomography 

has been found to be superior to conventional 

radiography and tomography in evaluating in

ternat derrangements ol' the TMJ. 

Corrcspondcncc to: Dr. Goran Roic, Dcpartmcnt of 
Radiology, Childrcn's Hospital, Klaiccva 16, 41000 
Zagreb, Croatia. Phonc: + 384 144161 l. 
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Two teclmiques of computed tomography of 

the TMJ have been described. Helms et al. 7 

use multiple axial images of the TMJ, with 

computerized reconstructions in the sagital 

plain (Figure l). Since the resolution of recon-

Figure l. Axial CT scan through thc tcmporomandibu
lar joint with sagittal rcconstruction. 
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structed CT images is usually less than that of 

slices imaged in the primary direction, it has 

proved more useful to perform TMJ scanning 

using a direct sagittal projection. 8• 
9 CT can 

show the position of the meniscus relative to 

the condyle and articular eminence, without 

the need of injecting intrnarticular rndiopaque 

contrnst media. The meniscus, as seen during 

CT imaging, has a density greater than the 

adjacent pterygoid musculature and surroun
ding adipose and connective tissue.9

Anatomy of the TMJ 

The TMJ is a complex synovial articulation 

between the mandibular condyle and the man

dibular fossa of the temporal bone. Interposed 

betwcen the head of the condyle and the surface 

of the tempornl bone is a biconcave articulating 

disk, or meniscus, that serves as a buffeting pad 

between the hcad of the condyle and the tem

pornl bone. The meniscus is thin in the center 

(1 mm) and thick periphernlly (2,8 mm poste

riorly and 2 mm anteriorly). 10 

Of rndiographic interest is the relationship of 

the superior and inferior heads of the laterni 

pterygoid muscles. The superior head is attach

ed to the meniscus, and the inferior head is 

attached to the neck of the condyle. Between 

the two heads of the laterni pterygoid muscle 

is a layer of adipose and connective tissue.9 

This structure has been identified by Manzione 

who designated it "as the laternl pterygoid fat 

pad". 8• 11 The fatty tissue serves as the anatomic 

basis for detection of internal dernngements of 

the disk during CT imaging. CT can show fine 

anatomic soft tissue structures because of its 

sensitive discrimination of density. The low

density adipose tissue of the laterni pterygoid 

fat pad may be seen easily within surrounding 

complex of bony, cartilaginous and muscle 

tissues. When the meniscus is displaced ante

riorly, the fat pad may be seen to be shifted 

anteriorly. 9

Technique of CT examination 

Direct sagittal computed tomography scanning 

of the TMJ provides exceptional detail of ana-

Figure 2. Sagittal scoutvicw with cursor lincs covcring 
thc arca of thc TMJ. An attcmpt is madc to avoid 
scanning within thc orbit and cspccially to avoid thc 
lcns of thc cyc. 

tomic structures. Soft-tissue and bone algo

rithms, thin sections and multiple tomogrnphic 

images can be used to obtain details of osseous 

structures and the intrnarticular menisco-liga

mentous complex. Positioning is of critical im

portance in this study. An attempt is made to 

minimize radiation to the orbit, especially to 

the Iens of the eye. A sagittal scout view is 

obtained and cursor lines are placed through to 

the area of interest (Figure 2). The external 

auditory canal has been shown to be a helpful 

landmark for vizualizing the TMJ on the scout 

view. The patient must be turned to perform 

seans of the right and left sides. 

Radiographic evaluation of pathological 
changes of the TM 

Internal derrangement of the TMJ is defined 

as disc disfunction and damage. Anterior disc 

displacement is the most common type in TMJ 

disc, disfunction. This category of disfunction 

is easiest to diagnose with CT scanning. Charac

teristically, meniscus density is seen iri the an

terior perycondylar space separated from the 

condyle by a few milimeters of intervening 

normal soft-tissue density. 10 According to the 
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Figure 3. Dircct sagittal CT of thc TMJ, in closcd 
position thc disk is locatcd antcriorly to thc condylc 

Antcrior disk dislocation. 

literature anterior displacement of the TMJ 

disc can be subdivided into displacement with 

reduction and without reduction. 12 Anterior 

disc displacement with reduction means that 

disc is abnormaly located when the condyle is 

in the closed position but resumes a normal 

position at some point in condylar motion. 

Anterior disc displacement without reduction 

implies that the disc has migrated or slipped 

from its normal position between the articular 

surfaces of the mandibular condyle and tempo

ral bone without reduction at any point during 

joint movement. 

Anterior disc dislocation is a condition in 

which the meniscus density is scen in the ante

rior pericondylar space to varying degrees, 

depending on the amount of anterior displace

ment (Figure 3). This condition is generally 

preceded by a history of painful TMJ with 

clicking. La ter, the patient notices that there is 

no click and may complain of a "locked jaw". 

Patients also experience limited jaw opening 

during this phase. 

This is due to a laterni "balling up" of the 

meniscus in front of the condyle, which limits 

jaw opening because the condyle, impinges on 

the sofHissue of the menisco-ligamentous com

plex. With time, most patients regain more 

normal jaw opening as they push the menisco-

ligamentous complex forward with repeatecl 

openings. 

Direct saggital computed tomography of tem

potomandibular joints also allows the assess

ment of therapeutic effects of dental splint by 

analysing position and movements of the in

traarticular disc ancl condyles as well as by 

direct measuring of the intraarticular distances 

(Figures 4 a, b). Mandibular anterior re-

Figures 4 a, b. Antcriorly displaccmcnt of thc disk; 
rccapturing with oral splint in placc - a) thc closcd 
mouth vicw shows antcriorly displaccd disk that ap
pcars as an arca of incrcascd density, b) the closed 
mouth view with the oral splint in place shows reduc
tion of thc disk to a normal location posteriorly. 
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positioning by dental splint therapy has been 
used successfully as a conservative treatment 
modality for anterior disc displacement with 
reduction and also in cases without reduction 
after mobilization of the TMJ. IO. 1 L 13 

Conclusion 

Computed tomography is a useful noninvasive 
method of imaging complex anatomic structures 
such as temporomandibular joint. Direct sagit
tal CT has proved to be an excellent metl10d 
for the diagnosis of disc disfunction and interna! 
derrangements of the TMJ. Scanning directly 
in the plain of interest provides images of better 
spatial resolution than reconstructed sagittal 
images. Furthermore, direct sagittal CT scan
ning allows noninvasive evaluation of the disc, 
bony architecture and paraarticular soft-tissue. 
CT is also a practical diagnostic aid at the 
follow-up stage after treating anterior disc dis

placement by dental splint therapy. 
Used with clinical history and physical exami

nation, CT is an excellent diagnostic modality 
that can provide information important for the 
better care for patients with interna! derange
ment of the TMJ. 
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Changes some irradiation 

Zorc-Pleskovič 

Institute of Histology and Embriology, Medica! Faculty, University of Ljubljana, Slovenia 

The aim o.f the present investigation was to study the histological and stereological changes in 

lymphocytes and mast cells a.fter irradiation. For experimental model we used 20 Beagle dogs, 1 -2 

years old. Ten dogs were irradiated 20 days with 32 Gy onto the whole pelvis and tail. Another JO 

dogs represented a control group. 

Histological and stereological analysis were pe1formed on a Wild sampling microscope M 501. In 

the nonirradiated group volwne, numerical density and average volume o.f lymphocytes were 

signi.ficantly lower in comparison with the irradiated group. Vohune density and average volume o.f 

mast cells were significantly lower in nonirradiated group. Numerical density o.f mast cells in this 

group was signi.ficantly higher. 

The results o.f our experiments show that mast cells and lymphocytes in the intestinal mucosa are 

deeply involved in the tissue .fibrosis occurring as the re.11Jonse to irradiation. 

Key words: colon-irradiation cffects; intestinal mucosa-pathology 

lntroductiou 

Severa! years after irradiation severe fibrous 

changes of the colon often cause for a surgeon 

an unsolvable problem in surgical intervention. 

The purpose of our stucly was to investigate 

experimentaly the histological and stereological 

changes in the colon occuring after irradiation 

in view of an early diagnosis and prevention of 

fibrosis. The intestinal epithelium is a tissue 

most sensitive to irradiation. 1
•

2
·
3 Individual 

cells in the intestinal mucosa such as lympho

cytes and mast cells participate in the defense 

system of the body or in the protection against 
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ty, University of Ljubljana, 61000 Ljubljana, Slovenia 
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tumor invasion. Therefore we paid special at

tention to them in our study. The literature 

clata clescribe changes in the intestinal muco

sa, 1 • 4· 
5
· 
6 yet no stereological clata coulcl be 

founcl in the available literature. 

Materials mul methods 

20 Beagle dogs weighting 8 to 13 kg, 1 to 2 

years olcl were incluclecl in our stucly. Ten clogs 

were irradiatecl (I) with y rays on telecobalt 

(Phillips) with 32 Gy over the pelvis regi on ancl 

tail. The size of the irracliatecl region on the 

skin was 10 x 15 cm. Ten clogs represented the 

nonirracliatecl group (N). Ten clays after conclu

decl irracliation, a 1-cm wicle piece of colon 

transversum was excisecl from the miclclle thircl 

of the colon of the anesthetizecl clogs. Tissue 

was fixecl in Bouin's fluicl, embecldecl in paraffin 
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and cut in 5 µm step serial sections. The step 

section was 20 µm thick. The obtained prepara

tions were stained with hematoxylin-eosin 

(HE), toluidine-blue and solution alcian blue 

(SAB) reaction. 

An accurate histological analysis of the step 

serial sections was used to establish the changes 

in the mucosa of the colon in individual groups. 

The lymphocyte infiltration and presence, size, 

form as well as distribution of the mast cell's 

granules were studied. 

Histological analysis7 were performed on a 

Wild sampling microscope, using Weibel's test 

system. Volume density (V
v
) of lymphocytes 

and mast cells were estimated at an objective 

magnification x40 using the M-42 test system. 

Numerical density (Nv) of I and m were estima

ted according to the Weibel-Gomez method at 

an objective magnification x40 using the M-100 

test system. For these cells average volume was 

also calculated. 

The results were statistically evaluated. Signi

ficant differences were determined by Student's 

"t" test. 

Results 

Histological analysis 

In the N group lymphocyte infiltration of lamina 

propria in the intestinal mucosa was well ex

pressed while in the irradiated group (1) there 

were some rare lymphocytes only in the connec

tive tissue. The individual ones infiltrated the 

epithelium (Figure 1). 

In the N group the mast cells were equally 

distributed in the connective tissue. Their cyto

plasm was full of metachromatically stained 

granules. Oval nuclei were visible in the middle 

of cells (Figure 2). In the I group the mast cells 

were mainly in the connective tissue at a basal 

part of the cryptes. Their shapes were mainly 

irregular. Numerous metachromatic granules 

were dispersed around the cells (Figure 3). 

Stereological analysis 

In the N group ali the measured stereological 

values of lymphocytes such as Vv (Figure 4), 

Nv (Figure 5) and average volume of the indi-

Figure l. Rarc lymphocytcs in thc irradiated group 
(HE, obj. 40x). 

Figure 2. Degranulatcd mast cells in the intcstinal 
mucosa in the irradiated group (SAB, obj. 40x). 

VVl(mrrP) � ---- ------------ -- ----·--- - --
7 

0.018 

P < 0.0001 

0.012 

0.006 

0.000 1 

Figure 3. Volume density (Vv1) of lymphocytes in 
the nonirradiated (N) and the irradiatcd (I) group 
(Yv1 ±2SE). 
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vidual lymphocytes V1 (Figure 6) were signifi

cantly lower in comparison with the I groups. 

Vv of mast cells (Figure 7) and V m mast cells 

(Figure 8) were significantly lower, while the 

Nv (Figure 9) was significantly higher in the N 

group compared to the I group. 

Discussion 

Stereological analysis of lymphocytes after irra

diation revealed reduction of Vv , Nv and V of 

lymphocytes. This demonstrates that irradiation 

reduces the number and the size of the cells. 

N
vi

<mm-3) �-� -- --
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200QQY/ 

J 
N 

P < 0.05 

Figure 4. Numerical density (Nv1 of lymphocytcs in 
thc nonirradiatcd (N) and thc irradiatcd (I) group 
(Nv1 ±2SE). 
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Figure 5. Average volume (VI) of lymphocytes in 
the nonirradiate (N) and the irradiated (I) group 
(VI± 2SE). 
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Figure 6. Volumc dcnsity (Vv1,) of mast cclls in 
the nonirradiated (N) and thc iradiated (l) group 
(V± 2SE). 
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Figure 7. Average volume (Vb) of mast cells in 
thc nonirradiated (N) and the irradiated (I) group 
(V± 2SE). 

V
m

(µm3) 

400 

300 

200 

1001/ 

O·• 

P < 0.0001 

Figure 8. Numerical density (Nv1,) of mast cells in 
the nonirradiated (N) and the irradiated (I) group 
(N ±2SE). 
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The findings of Black8 and Breiter9
, who inve

stigated histological changes of lymphocytes in 

the intestinal mucosa, agree with our findings. 

The authors state that numerous lymphocytes 

and plasma cells, penetrating the intestine with 

blood or being produced by proliferation of the 

lymphocytes in the mucosa, are smaller after 

irradiation. This most probably reflects the 

change in the immune system resulting in the 

progression of irradiated tissue impairment. It 

is also possible that X rays damage the chromo

somes and so diminish the capacity of lympho

cytes. The consequence is the reduction of their 

number and the inhibition of normal response 

to antigenic stimulation. 10• 11 It is also possible 

that the irradiated lymphocytes release nucleo

proteins which affect proliferation of fibroblasts 

and formation of collagen fibers in the irradi

ated tissue. 3-
5 

Our stereological analysis of the irradiated 

mast cells revealed a significantly increased Yv 

and V of an individual cell and reduced Nv. 

Irradiation also caused degranulation. These 

results agree with the findings of Grand12 and 

Sedgwick13
, who investigated mast cells in the 

mucous membrane of the small intestine of 

irradiated mice and rats. The literature data 

demonstrate that histamine is released from the 

mast cell granules during irradiation. 3• 
14 The

literature data state that mast cells are the only 

cells in the body with receptors for IgE and can 

therefore bind IgE. 15• 16 Literature data and our 

results suggest that new antigens are produced 

in the damaged intestinal mucosa after irradia

tion. Binding of neo-antigens to the antibodies 

IgE fixed to the mast cells caused the degranu

lation and the release of vasoactive amines and 

other inflammatory mediators so as leukotrie

nes. 17 Such leukotrienes can induce long-term

contraction of the intestinal vessels. All mentio

ned changes cause poorer oxygenation of inte

stinal tissue and finally fibrosis of the intestinal 

wall. 

The results of our experiments have confirm

ed our hypothesis that mast cells and lymphocy

tes in the intestinal mucosa are deeply involved 

in the tissue fibrosis occuring as the response 

to irradiation. 
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in gynecological normal and tumor tissues: A preliminary report 
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Drug resistance is a major problem in cancer therapy. In vitro studie.1· have suggested that glutathione 

(GSH) and glutathione transferase (GST) may be associated with alkylating agent.1· resistance. In 

this study, we determined GSH concentrations ancl GST activity in 41 samples of gynecological 

tissues, which include: normal tissue of cervix uteri (7 samples), normal tissue of corpus uteri (14 

samples), benign tumors of corpus uteri (4 samples) malignant tumors of corpus uteri (7 samples), 

the normal tissue of ovary (5 samples), benign ovarian tumors (2 samples) and 2 malignant ovarian 

tumors. The GSH concentrations were similar in normal tissue of cervix uteri, corpus uteri and 

ovary. Similar levels of GSH were also found in malignant tumors of corpus uteri, bul these levels 

were lower in benign tumors. In the ovarian tis.me, lower levels of GSH were founcl in benign ancl 

malignant tumors. The GST activities were similar in the normal tissue of cervix uteri, corpus uteri 

mul ovary. In c017Jus uteri, similar values were obtained far normal tis.me and benign tumors, but 

higher ones for malignant tumors. This difference was statistically significant if two malignant Muller 

mixecl tumors (with very low GST levels) were excluded from the analysis. Similar GST activities 

were obtainecl for the normal ovarian tissue and benign ovarian tumor, but higher activities for 

ovarian malignant tumors. In spite of a modest numher of samples, our data nevertheless suggest 

that the activity of glutathione tran.1ferase is increased in tumor tissues. The GST activity may 

contrihute to resistance of tumor cel/s to alkylating clrugs in chemotheraphy. 

Key words: ovarian neoplasrns-analysis; uterine neoplasrns-analysis; glutathione; glutathione trans

ferases; drug resistance 
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Introduction 

The intrinsic and acquired drug-resistance are 

rate-lirniting step in successful antineoplastic 
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therapy. Until recently the mechanisms under
lying drug-resistance have received little atten
tion, in spite of the fact that this phenomenon 
was observed as early as in 1948. A wide 
variety of factors are now implicated as causes 
of the resistance. 1. 2.3 One mechanism may 
involve overexpression of plasma membrane 
P-glycoprotein Pl 70. It decreases the drug-accu
mulation in cells by facilitating the drug efflux
from cells, leading to multidrug resistant pheno
type. The other mechanism may involve the
increased protection by cellular detoxification
systems: glutathione (GSH), glutathione trans

ferases (GST), gluthathione peroxidases, and/or
metallothioneins. DNA repair, the altered acti
vity of topoisomerase II, changes in drug meta
bolism and drug transport are also implicated
in drug resistance. In many cases, severa! diffe
rent mechanisms were found in resistant
cells.4

•
5

·
6 In patients, the values of these various

parameters might allow us to predict the re
sponse of tumors to the particular therapy.

The thiol-mediated detoxification of antican
cer drugs is of considerable interest. GSH is 
the main intracellular nonprotein sulphydryl 
compound. It has a variety of functions, such 
as the transport of amino acids into the cells, 
detoxification of xenobiotics, scavenge of free 
radicals, biosynthesis of deoxyribonucleotides 
and biosynthesis or metabolism of prostaglan
dins and leukotriens. GSH has been shown to 
have an important role in cell resistance to 
different drugs.7·

8
•

9 It affects drug-efficiency by 
non-catalytic nucleophilic reactions, or by the 
reactions catalyzed by GST. GSH can express 
its activity at two levels: cytoplasmatic - by 
increasing drug inactivation and elimination, or 
nuclear - by affecting formation and repaiI· of 
DNA Iesions. 10

GSTs are a group of multifunctional enzymes 
that catalyze the conjugation of GSH with the 
various electrophilic agents. This reaction is the 
initial step in the formation of mercapturic 
acids, a pathway important in eliminating po
tentially cytotoxic or mutagenic compounds 
from the body. GST also act as intracellular 
blinding proteins for many hydrophobic com
pounds.11 In humans, there are three main 

classes of GSTs in cytosol: a, :n: and µ; they 
differ in structural and functional characteri
stics. Regarding GST in anticancer drug resi
stance, the following data are well documented: 
a) tumors express the high leve! of GST, espe
cially GST:n:; b) nitrogen mustards are good
substrates for GSTa; c) most drugs associated
with multidrug resistant phenotype are not GST
substrates; d) transfection with GST comple
mentary DNAs have produced some lines with
increased resistance to alkylating agents. 12

• 
13 

In addition to being important for chemothe
rapy, GSH7

•
9

•
14 and GST15 may also play a role 

in the cellular response to oxidative stress gene
rated by ionizing radiation. 

Chemotherapy alone or combined with sur
gery or radiotherapy, is the usual strategy for 
treatment of patients with gynecological can
cers. Therefore, we compared GSH concentra
tions and GST activities in gynecological tissues 
(cervix uteri, corpus uteri and ovary) in an 
attempt to determine whether they can be used 
as diagnostic and prognostic factors. 

Materials and methods 

Tissues 

The tissues were obtained from fresh specimens 
removed during surgery or biopsy at the 
Department of Obstetrics and Gynecology, 
School of Medicine, University of Zagreb. Each 
sample was divided in two halves, for histologi
cal and biochemical studies. 

The samples were frozen and maintained at 
- 196

°
C.

Fortyone samples of normal, benign and ma
lignant tumor tissue from cervix uteri, corpus 
uteri and ovary were analyzed (Table 1). They 
were divided as: gradus I (normal), gradus II 
(benign) and gradus III (malignant). 

The protocol was approved by the Ethics of 
Research Committee at the School of Medicine, 
University of Zagreb. 

Glutathione determination 

The total intracellular glutathione (GSH) leve! 
was measured by modified Tietze's method.16 
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Briefly, the samples were cut into small pieces, 
covered with buffer (50mM TRIS, 250mM 
saccharose, 134 mM KCI, pH = 7.6) and homo
genized on ice (Ika-Kunkel, Labor Technick, 
Germany; three strokes for 5 sec). The suspen
siqn was centrifugated at 4°C for 45 mit at 
15000 g. The total GSH content in the superna
tant was determined by the enzymatic recycling 
assay. 16 The absorbance of 5,5-dithiobis-2-nitro
benzoic acid (Boehringer Mannheim GmbH, 
Germany) at 412nm was monitored spectropho
tometrically. Values were normalized according 
to the total protein assessed by Bradford's 
method. 17 Each sample was divided into two 
halves and GSH was determined in each of 
them two times. 

Glutathione transferase determination 

The intracellular glutathione transferase (GST) 
activity was determined as described by Habig 
and J acoby. 18 GST activity was measured in the 
supernatant prepared for GSH determination, 
using 1-chloro-2,4-dinitrobenzene as the elec
trophilic substrate. GST activity was expressed 
as nanomoles of GSH-1-chloro-2,4-dinitroben
zene conjugate formed per min per mg protein. 
In each clinical sample GST activity was deter
mined four times. 

Statistics 

The significance of differences between the 
particular groups was tested by analysis of 
Mann-Whitney or Kruskal-Wallis. The leve! of 
significance was set to 0.05. 

Results 

In this study, we examined the glutathione 
concentrations and glutathione S-transferase ac
tivities in 41 samples that originated from the 
normal tissues (26 samples), benign tumors (6 
samples) and malignant tumors (9 samples) 
(Table 1). Glutathione concentrations in normal 
and tumor tissues are given in Figure l. The 
data reveal that the concentration of glutathione 
was about the same in the normal tissue of 
cervix uteri, corpus uteri and ovary. It contrast, 
the values obtained for benign tumors of corpus 

uteri were significantly lower than that for the 
normal tissue. However, GSH concentration in 
normal and malignant tumors was not statisti
cally different (Figure 1 b). 
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Figure 1. Glutathione concentrations in cervix uteri, 
corpus uteri and ovary. Individual values are given for 
N = normal tissues, B = benign tumors, M = malig
nant tumors. The mean values ± SD are prcsented. 
* Statistically diffcrent from normal tissuc.
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The statistical analysis of the data of the 
GSH eoneentrations in ovary was impossible 
beeause the number of samples was too low. 
Therefore, we were also unable to make stati
stieal eomparison of the data obtained for tu
mors of eorpus uteri and ovary (Figure ,lb and 
le). Figure le shows, however, that the mean 
values for GSH eoneentrations were lower in 
benign and malignant tumors than in the normal 
ovarian tissue. 

We next examined the aetivity of glutathione 
transferase in gyneeologieal tissues. The results 
are given in Figure 2. We found no signifieant 
differenees in the GST aetivity in normal tissues 
(eervix uteri, eorpus uteri or ovary). The GST 
aetivities in benign and malignant tumors were 
similar to those found in the normal tissue of 
eorpus uteri. If, however, the two lowest values 
are excluded from the analysis (marked with 
arrows in Figure 2b), signifieant differenees in 
the GST aetivity between normal and malignant 
tumor tissue are found. These two exeeptions 
are two eareinosareomas (MMMT, see Table 
1) that differ from malignant adenoeareinoma
tumors by their eomposition: they have less
glandular and more stromal eomponents, indi
eating a possible explanation for lower GST
aetivities. Again, we are unable to make the
statistieal analysis of the GST aetivity in ovary
beeause of a low number of samples. As ean
be judged from Figure 2e, however, is the GST
aetivity similar in the normal tissue and benign
tumors, but high,er in malignant tumors.

The eomparison of the GST aetivity in eprpus 
uteri and in ovarian eareinomas points to higher 
GST aetivities in ovary, although it is stili in 
the range of values obtained for eareinomas of 
eorpus uteri. When the data for MMMT are 

excluded, the GST aetivities in ovarian and 
endometrial tumor are quite similar. 

Discussion 

Resistanee to ehemotherapy is a serious pro
blem in the management of patients with ean
eer. Some of the most aetive antieaneer-drugs 
are eleetrophiles that damage DNA either di
reetly by alkylation (melphalan, phenylalanine 
mustard, BCNU, eyclophosphamide, eisplatin) 
or indireetly through free-radieal meehanism 
(Adriamyein). In vitro studies have suggested 
that GSH ean partieipate in detoxifieation of 
antineoplastie drugs like alkylating agents and 
Adriamyein. 8• 9 These studies have been exten
ded to clinie to see whether tumor and normal 
tissues display phenotypie differenees relevant 
to potential eytostatie drug resistanee. 

In this preliminary study we examined the 
leve! of GSH in different normal gyneeologieal 
tissue (eervix uteri, eorpus uteri and ovary) and 
found similar values. If these values were eom
pared to those obtained for tumor tissue, similar 
(eorpus uteri) or even lower (ovary) eoneentra
tions were found. Therefore, our data suggest 
that GSH eoneentrations eannot be used as a 
diagnostie and prognostie faetor, at least not 
for tumors of eorpus uteri and ovary. 

The literature data eoneerning clinieal studies 
suggest that differenees in the GSH leve! bet
ween normal and tumor tissue depend on the 
tumor type. No signifieant differenee between 
the GSH eoneentration in the tumor and the 
normal tissue of lung was obtained. 19 Moreover, 
a eertain deerease in the GSH eoneentration in 
adenoeareinoma was found as eompared to the 

Table l. Normal and tumor samples analyzed in this study 

Normal Benign tumors Malignant tumors 

Cervix uteri 7 

Corpus uteri 14 3myomas 5 endometrial adenocarcinomas 
1 endometrial polyp 2 malignant Muller mixed tumors* 

Ovary 5 1 mucinous ovarian cystadenoma 2 serous ovarian carcinoma 
1 ovarian endometriotic cyst 

Tota! 26 6 9 

* = MMMT, carcinosarcoma
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Figure 2. Activity of glutathionc S-transferases in 
cervix uteri, corpus uteri and ovry. Individual values 
are given for N = normal tissues, B = benign tumors, 
M = malignant tumors. The mean values ± SD are 
presented. 
* Statistica!ly different from normal tissue.

normal lung specimens. A drop in the GSH 

concentration in tumors of sigmoid colon was 

also reported.20 In contrast, the increased levels

of GSH were found in the tumors of colon21 

and rectum.22 

The activity of GST enzymes in normal and 

tumor tissues is of great importance. The levels 

in normal tissue may determine the susceptibi

lity of the tissue to cytotoxic damage from 

chemical toxins, carcinogens and some antican

cer drugs. In tumors, by contrast, the GST level 

may cause the resistance to chemotherapy. 

Anticancer drugs that are substrates for GST 

can be divided in two categories: those for 

which convincing substrate/kinetic data are 

known (chlorambucil melphalan, nitrogen mu

stard, phosphoramide mustard, acrolein, 

BCNU, hydroxyalkenals, ethacrynic acid and 

steroids) or those for which only some indirect 

evidence exist (bleomycin, hepsulfan, mitomy

cin C, adriamycin, cisplatin, carboplatin).12 So 

far, the involvement of GST in the resistance 

to classical alkylating agents, cisplatin based 

drugs and anthacyclines has been documen

ted. 12, B 

In this study, we examined the activity of 

GST in normal cervix uteri, corpus uteri and 

ovary, and found similar values in these tissues. 

If the activity of GST for corpus uteri (with the 

exception of MMMT) and ovary were compa

red, similar values were again obtained. If, 

however, the GST activities in normal tissues 

were compared to the tumor tissue, a significant 

increase in the tumor tissue was observed. This 

is the main finding of our study. It suggests that 

for the gynecological tissue, GST activity may 

be used as a diagnostic and prognostic factor. 

Our findings that gynecological tumors have 

higher GST activities than the corresponding 

normal tissues, are in agreement with the lite

rature data. Higher GST activities have been 

found in various cancers, including cancer of 

colon, rectum, stomach, lung and breast, but 

not of kidney and liver.21-26 In these studies,

as well as in ours, GST activities varied consi

derably (1.3 to 2.7 -fold), and even higher 

variations were observed among individual tu

mors. 
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Promising strategies to overcome resistance 
are emerging from basic and preclinical studies. 
They seem likely to lead to the improved the
rapeutic regimens based on the modulation of 
chemotherapy. One approach could involve the 
elevation of the host cells GST enzyme leve!. 
On the other hand, inhibition or inactivation 
of GST enzymes of the tumor can be the 
principal goal. For this, the specific GST inhi
bitors can be used: inhibitory peptide analogues 
of GSH, the quinone inactivators of GST, the 
prostaglandin 11 analogue piriprost or the diure
tic agent ethacrynic acid. Ethacrynic acid is of 
particular interest, because it is applied in Phase 
II preclinical tria! for chlorambucilrefractory 
chronic lymphatic leukemia. 12 

To sum up, in this preliminary study we did 
not find the elevated glutathione levels in tumor 
of corpus uteri and ovary as compared to the 
corresponding normal tissue. We found an in
crease in the activity of glutathione transferase 
in tumor tissues. This GST activity may contri
bute to resistance of tumor cells to alkylating 
drugs in chemotherapy. We started the clinical 
followup study to examine the correlation bet
ween the high tumor GST activity and prognosis 
of the ilness. 
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High rate of complications in patients with carcinoma of the 
cervix surgically treated after radical radiotherapy 

Albert Peter Fras 

Institute of Oncology, Ljubljana, Slovenia 

With the aim to improve the results of treatment of patients who had advanced carcinoma of the 

uterine cervix and were radically irradiated, a group of 49 patients underwent hysterectomy two to 

24 months after completion of radiotherapy, among whom far only 43 patients data were available. 

Radiotherapy consisted of 40 Gy external beam irradiation to true pelvis, low dose intracavitary 

treatment to a tata! dose 40 Gy to point A, and parametrial irradiation 16 to 20 Gy, shielding the 

place where radioactive sources were positioned during intracavitary therapy. 

Necrosis, persistent cervical carcinoma, recurrent carcinoma, and in patients younger than 50 years 

no evidence of disease (NED) with dysplasia were indications far the surgical treatment. 

Hysterectomy with bilateral oophorectomy was as conservative as possible but severe complications, 

such as ureteral stenosis (five cases), recto-vaginal fistula (three cases), vesico-vaginal fistula (two 

cases), recto-vesico-vaginal fistula (one case) occurred. Asymptomatic frozen pelvis as a mild 

complication occurred in 1 O cases. One patient died postoperatively because of dehiscence and 

abdominal wall necrosis. In 17 (39.5%) of 43 patients complications occurred, although asymptomatic 

frozen pelvis was not taken in account. We believe that such a combined treatment is only far 

selected cases. 

Key words: cervix neoplasms-radiotherapy; hysterectomy, surgical treatment; postoperative compli
cations 

Introduction 

Radical radiotherapy is the treatment of choice 
for carcinoma of the uterine cervix stages IIB 
and III.1 With radical radiation therapy and 
careful intracavitary techniques, central recur
rences are extremely rare, an incidence of ap-

Correspondence to: Assist. Prof. Albert Peter Fras, 
M.D., Ph.D., Institute of Oncology, Zaloška 2, 61105
Ljubljana, Slovenia.
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proximately 1 % .2 In another report, in a signi
ficantly larger group (1801 patients) treated 
with radiation alone, the central failure rate 
was approximately 3 % .3 

At the Hammersmith Hospital after radical 
radiotherapy, usually combined with cisplatin, 
simple total abdominal hysterectomy with bila
teral salpingo-oophorectomy may be indicated 
as a "central debulk" to remove central disease 
if the cervical smear or biopsies should remain 
positive or if the smear or biopsies, having been 
negative, become positive again.4 
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There are some controversy about the benefit 

of preoperative irradiation in the treatment of 

cervical carcinoma. Data from the M.D. Ander

son Hospital showed an improved pelvic control 

rate, as well as a small increase in survival, 

when patients with bulky Stage IB-IIA-B carci

noma of the cervix were treated with preopera

tive irradiation followed by extrafascial hyste

rectomy. In such a combination of irradiation 

and surgery a high rate of complications was 

observed (from 8 to 17.5%).5 

To define the complications after radical ra

diotherapy and surgical therapy we retrospecti

vely analysed the patients who had undergone 

such sort of treatment at the Institute of Onco

logy in Ljubljana 

Material and methods 

In a non-randomized group of 49 patients, in 

the years from 1981 to 1991, ali patients who 

underwent hysterectomy with bilateral oopho

rectomy were, prior to the surgical treatment, 

radically irradiated. But the <lata were available 

only for 43 patients, others came out of control 

because they were from another country. 

With combined tele- and brachytherapy doses 

to the central portion of the cervical tumor 

were over 80 Gy ( 40 Gy teletherapy and 40 Gy 

intracavitary insertion of Cesium-137). As most 

of the patient were stili irradiated to the pelvic 

wall, although the center where Cesium was 

positioned was shielded by a led block, doses 

under the shield were approximately 2 to 3 Gy. 

So we believe, the center was overirradiated. 

Among our patients persistent and recurrent 

carcinoma was evidently present in 7 out of 43 

(16.2%) patients although the intracavitary irra

diation was carefully performed. In these cases 

we did not try to reirradiate the center. As in 

necrosis recurrent or persistent carcinoma could 

not be established before operation, these pa

tients underwent surgical treatment as well (9 

out of 43 patients or 20.9%). 

In ali patients hysterectomy with bilateral 

oophorectomy was performed. 

Indications for surgical treatment were as 

follows: residual disease, recurrent carcinoma, 

cervical necrosis, and vagina! dysplasia with no 

evidence of recurrent or persistent carcinoma. 

In only one elderly patient the indication for 

the surgical treatment was enlarged uterus due 

to the piometra with consequent general sym

ptoms, whereas the second patient underwent 

surgery because of ovarian tumours (Table 1). 

Patients ranged from 26 to 78 years (median 

44 years). At the beginning of the treatment 

the disease was classified according to FIGO 

stages as stage IB four cases, stage IIA two 

cases, stage IIB 27 cases, and 10 cases as stage 

III. 

Ali patients underwent surgical treatment 

between the second and 24th month (median 

6th month). 

Residual and recurrent disease was preopera

tively verified. In patients with no evidence of 

disease (NED) with vagina! dysplasia in the 

operative specimen in 10 cases carcinoma was 

present, in one case, only in an enlarged lymp

hnode, micrometastasis was found and in 15 

cases no carcinoma was present. In patients 

with necrosis of cervix they underwent surgical 

treatment and in three out of 9 carcinoma were 

stili present (Table 2). 

Table l. Indications for surgical treatment after radical 
radiotherapy. 

Indications 

Residual disease 
Recurrent disease 
NED and dysplasia 
Nccrosis of cervix 
Other 

Tota! 

No. of pts. 

5 
2 

25 
9 
2 

43 

NED - No evidence of disease. 

Table 2. Postoperative pathohystology of patients wit
hout evident carcinoma after radiotherapy (n 34). 

Preoperative status 

NED and dysplasia 
Necrosis of cervix 

Tota! 

Pathohystology 
Positive Negative 

9 ( + 1)* 15 
3 3 

13 21 

NED - No eveidence of disease. 
* Patient with positive lymph nodes.
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According to the glossary for reporting com

plications of treatment in gynaecological can

cers, we divided complications to the complica

tions of gastrointestinal tract, urinary tract and 

pelvic soft tissues. 9 No evident complications

were observed on vascular tissue, cutaneous 

tissue, peripheral nerves and hemopoetic tissue. 

Results 

Gastrointestinal complications 

Evident gastrointestinal complications develo

ped in 8 (18.6%) of 43 patients (Table 3). 

Three patients suffered from rectal bleeding 

(Glb), but bleeding was occasional and requi

red only conservative treatment. 

In three patients recto-vaginal fistula develo

ped (G3a), in one patient combined with vesico

vaginal fistula. Ali of them required surgical 

treatment. One patient died after bowel resec

tion due to rectal necrosis after stool derivation 
(04). 

In one patient rectal bleeding required stool 

derivation, she died six months later. After 

brachytherapy of recurrent disease a huge ne

crosis developed in the true pelvis. 

In one patient sigmoid fistula developed 

(G3a), and transversostomia was performed. 

Urinary complications 

Evident urinary complications developed in 10 

(23.2%) of 43 patients (Table 4). 

Bladder and urethra 

Mild or occasional hematuria (Glb) developed 

in three patients. In one patient hematuria, 

combined with urine incontinence, required ma

jor surgery with urinary derivation (G3a). Vesi

covaginal fistula (03d) developed in two pa

tients. In one patient surgical closure was done 

and the patient is quite well. The other patient 

died of recurrent disease. 

Ureter 

Unilateral ureteral stenosis developed in three 

patients, bilateral in two cases (G3a). In one 

patient with bilateral ureteral stenosis surgical 

ureterolysis was performed, in one patient with 

unilateral ureteral stenosis reimplantation was 

done. The other three patients have had only 

percutaneous nephrostomy because of the evi

dent recurrent carcinoma. 

Complications of pelvic soft tissue 

Asymptomatic frozen pelvis developed in 10 

(23.2%) of 43 patients, in two patients it was 

Table 3. Gastrointestinal complications after radiothe
rapy and surgery according to propose glossary9 

(n = 43). 

Complications 

Rectum 

Sigmoid colon 

Tota! 

Rcctum: 

Glb 
G3a 
G4 
G3a 

No. of pts. 

3 
3 
1 
1 

8 (18.6%) 

Glb:Mild or occasional rectal bleeding with or without 
mucosal hyperemia and/or oozing of blood and/or 
teleangiectasia. G3a:Recto-vaginal fistula. G4:Death 
due to complication. 
Sigmoid colon: G3a:Fistula. 

Table 4. Urinary complication after radiotherapy and 
surgery according to propose glossary9 (n = 43). 

Complications No. of pts. 

Bladder Glb 2 
G3a 1 
G3d 2 

Ureter G2b 2 
G3a 3 

Tota! 10 (23.2%) 

Bladder: 
Glb:Mild or occasional hematuria with or without 
mucosal hypcremia and/or teleangicctasia.G3a:Hema
turia requiring major surgery or embolisa
tion.G3d:Early or late vesico-vaginal fistula with per
manent anatomical and/or functional damage. 
Ureter:G2b: Ureteral stenosis requiring surgery with 
subsequent normal renal function.G3a:Uretero-vagi
nal fistula and/or ureteral stenosis with subsequent 
inadequate renal function, or which resulted in a 
non-functioning kidney, or which required either nep
hrectomyor permanent nephrostomy. 
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combined with ureteral stenosis in one patient 
with vesico-vaginal fistula, in one patient with 
proctitis and in two patients with cistitis (Table 
5). 

Discussiou 

Following the patients during radiation therapy 
it is allowed to conclude about evolutionary 
aspects of the cervical lesion and its relative 
radiosensitivity. As the uterus is mobile, and 
parametrial infiltration had disappeared after 
radiotherapy, in some instances, especially in 
younger patients, they may undergo surgical 
intervention to remove the residual tumor. 10 

Complications developed after radical radio
therapy and surgeries are quite often, up to 
39.5% (Table 6), when we do not take in 
account asymptomatic frozen pelvis. Some aut
hors reported high rate complications after ra
dical radiotherapy up to 20.4%, although fistu
las developed only in 1.6%. 11 Radiation doses 
to the rectum and bladder within the range 60 
to 65 Gy are not found to be in relationship 
among bowel complications and we never ex
ceed them during radiation treatment. The total 
dose 80 Gy to the point A and 60 Gy to the 
pelvic wall and parametria had been giving an 
acceptably low rate of late major complica
tions.12 

Rectal complications after remote afterloa
ding intracavitary therapy for carcinoma of the 
uterine cervix are reported higher to 30% , 
among them severe only 2%. 13 

Minor complications after combined radiot
herapy and surgery are reported after preopera
tive radiation, although ureteral fibrosis in the 
pelvis are also described, but doses to the 
cervix do not exceed 70 Gy.14 

Conclusion 

This study does not define the therapeutic value 
of combined radical radiotherapy and surgery 
in patients with residual or recurrent carcinoma 
of the uterine cervix. As in our material four 
different stages of disease were treated by the 

same mode, it is impossible to get the real 
survival for these patients. However, due to the 
nature of this disease, successful treatment will 
be at the price of a high complication rate. But 
we believe that such a treatment could be 
obtained only in a selected cases. 

Table 5. Pelvic soft tissues complications after radiot
herapy and surgery according to proposc glossary9 

(n = 43). 

Frozcn pclvis 
Asymptomatic (G2a) 
Combined with: ureteral stenosis 

vesico-vag. fistula 
cystitis 
proctitis 

Tota! 

No. of pts. 
10 
2 
1 
2 
1 

16 

Frozen pelvis:G2a:Fibrosis involving at lcast one para
metrium as far asthe pelvic side wall, and/or asympto
matic frozen pelvis. 

Table 6. Gastrointestinal and urinary complications 
after radiotherapy and surgery (n 43). 

Co_111plieations 
Gastro-intest. complications 
Urinary complications 
Combined gastro-intest. and 
urinary co111plications 

Tota! 
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Staging laparotomy for Hodgkin's disease in adults: 
One center experience 

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 Jakši,? 
1 Institute of Oncology, Ljubljana, Slovenia; 2 Klinička bolnica Merkur, Zagreb, Croatia

The results of 124 staging laparotomies (SL) far Hodgkin's disease (HD) in adults, 95 with 

supradiaphragmatic clinical state (CS) 1-11, and 29 with CS III, performed at the Institute of Oncology 

in Ljubljana in the years 1974-1989 are presented in a retrospective analysis. After SL, clinical stage 

was changed in 36 % of alt cases, with 34 % of CS 1-11 cases upstaged and 45 % of CS III cases 

downstaged. 88 % (28/32) of CS 1-11 patients with positive SL had upper abdominal involvement 

(pathological stage - PS 1111) most frequently in the spleen, 84 % (27/32); in 31 % (10/32) the spleen 

was the only localization of HD. Only 5 % of the patients had early, while 5 % had late complications 

after SL; there were no procedure-related deaths. 

Key words: Hodgkin's diseases; staging laparotomy 

llntroduction 

The extent of Hodgkin's disease (HD) at the 

tirne of diagnosis is one of the most important 

<lata needed to determine therapy Staging lapa
rotomy (SL) is the most accurate method for 

diagnosis of HD in the subdiaphragmatic sites. 

The first experiences with SL were published 

by the Stanford University in 1969. 1 Since then 

SL has become accepted in many centers. Con

sidering great differences in the experience and 

competence of therapeutic teams in different 

centers as well as in the quality of investigations 

and the accuracy of SL, the evaluation of our 

own results seems to be all the more important. 

Correspondence to: Marjeta Vovk, MD, Institute of 
Oncology, Zaloška 2, 61105 Ljubljana, Slovenia. 

UDC: 616-006.442:616.381-089 .85 

The purpose of this study was to review the 

results of SL in our center, and to compare 

them with those obtained by other authors, in 

order to establish the degree of realiability of 

this method in our hands. 

Patients and methods 

From January 1974 to December 1989, 421 

formerly untreated adult patients with HD were 

treated at the Institute of Oncology in Ljublja

na. Their age ranged between 15 83 yrs (mean 

40 yrs). The diagnosis was histologically2 confir

med in all except 17 patients. SL has been 

performed since 1974 in patients with clinical 

stage (CS) 1-11 above the diaphragm, and in 

those suspected of having HD under the dia-
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phragm (suspected CS III), whereas SL was 
never indicated in clear CS III and CS IV. SL 
was performed in a third, 31 % (130/421) of ali 
patients with CS I-IV; 43 % (95/219) of these 
were with CS I-II above the diaphragm, and 
only 20 % (29/144) with CS III (Table 1). For 
various reasons SL was performed in less than 
a half of patients with early stages, the selection 
of candidates for SL was not randomised. Six 
of 130 patients with CS I-II under the dia
phragm had only diagnostic laparotomy perfor
med, and were excluded from the study. Thus, 
our retrospective study was carried out in 124 
patients with CS I-III (95 with supradiaphrag
matic CS I-II, and 29 with suspected CS III) 
who underwent SL. Their age ranged from 
15--63 (mean 32.4) years. 

Preoperative evali:tation comprised a com
plete history, physical examination, routine la
boratory tests, chest X-ray, bone marrow biop
sy, and in the majority of patients also pedal 
lymphography (99/124), Ga-scintiscan of the 
whole body (103/124), and in last years also CT 
and/or US of the abdomen. 

Stage was determined according to Ann Ar
bor criteria. 3 For the needs of this study, five 
supradiaphragmatic lymph node regions were 
defined as follows: l. left neck and/or supracla
vicular: 2. right neck and/or supraclavicular; 3. 
left axillary and/or subclavicular; 4. right axil
lary and/or subclavicular; 5. mediastinal and/or 
hilar nodes on the right/left or bilaterally. 

Laparotomy consisted of wedge and needle 
biopsy of both !iver !obes, splenectomy, biopsy 
of multiple lymph nodes (celiac, portal, splenic, 
paraaortic, mesenteric and iliac), biopsy of ali 
lymph nodes that appeared to be involved with 
disease or the involvement was suspected on 
lymphangiogram and appendectomy. Metallic 
elips were placed at biopsy sites. An oophoro
pexy was performed in premenopausal women. 
Pneumococcal vaccine has been administrated 
preoperatively to patients since 1984. 

Results 

After laparotomy 34 % (32/95) of patients with 
supradiaphragmatic CS 1-II were upstaged (Ta-

ble 2) while 45 % (13/29) of patients with CS 
III were downstaged (Table 3). 

Table 4 shows the distribution of HD by 
subdiaphragmatic site. The distribution by the 
frequency of subdiaphragmatic lymph node in
volvement is presented in Table 5, while the 
number and sites of biopsies are shown in 
Table 6. 

Early complications were noted in 5 % (7/ 
130) and late in 5 % (6/130) of patients; there
were no SL-related deaths (Table 7). Three of
291 non-splenectomized patients had acute
myeloblastic leukemia, and one of 130 splenec
tomized patients had refractory anemia with
myeloblastostis; ali four patients received che
motherapy according to MOPP schedule, and
radiotherapy.

Because of laparotomy, the beginning of 
treatment had to be postponed for more than 
3 weeks on average (Table 8). 

Discussion 

The reassessment of stage after SL may alter 
the treatment, which remains the major argu
ment in favor of SL. 

According to the <lata from literature, 25-
35 % of patients with supradiaphragmatic CS 
I-II are found to have HD under the dia
phragm.4-10 These findings are consistent with
our results (34 % ) (Table 2). However, when
comparing our findings by stage (CS I 44 % ,
CS II 27 % ) with <lata from literature (CS I
17-32 % , CS II 27-30 % )6• 7• 11 a high rate of
positive SL in our patients with CS I is clearly
evident. Perhaps the reason for this is a diffe-

Table l. Hodgkin's disease: Number of staging Japaro
tomies by clinical stage (Ljubljana, Sovenija 1974-
1989). 

Clinical Stage Lapartomy Non- Tota! 
-laparotomy

I-II supradia-
phragmatic 95 124 219 
subdia-
phragmatic 6 16 22 

III 29 115 144 
IV o 36 36 

Tota! 130 (31 % ) 291(69%) 421 
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Table 2. Hodgkin's disease with clinical stage I-II: Results of laparotomy. 

cs No. of Unchanged stage Upstaging Upstaging 
pts. PSI PSII PS III PSIV % 

I 36 
II 59 

Tota! 95 

CS = clinical stage, PS pathological stage 

20 
o 

20 

o 15 
43 16 

43 31 

Table 3. Hodgkin's disease with clinical stage III: Results of laparotomy. 

cs 

III 

No. of 

_ pts. 

29 

Unchanged stagc 
PSII 

12 

CS = clinical stagc, PS pathological stage 

Upstaging 
·PSIV

4 

Downstaging 
PSI PSII 

5 8 

1 
o 

1 

44 
27 

34 

Downstaging 
% 

45 

Table 4. Hodgkin's disease with clinical stage I-III ( n = 124): Sitcs of subdiaphragmatic disease aftcr laparotomy. 

CSI CS II CS I-II CSIII 
Sitc 16 + SL/36 SL 16 + SL/59SL 32 + SL/95 SL 16 + SL/29SL 

No. No. No. No. 

Spleen alone 6 4 10 o 

Splecn + Ig! III 1 9 6 15 7 
Splecn + Ig! III2 o o o 1 
Spleen + Ig! III 1 + 2 1 1 2 5 
Lgl alone III 1 o 3 3 o 

Lgl alone III 2 o 1 1 1 
Lgl alone III 1 +2 o o o 1 

PS III 1 15 13 28 6 
PS III2 1 2 3 6 
PS IV 1 o 1 4 

CS = clinical stage, SL = staging laparotomy, PS = patological stage, Ig! = lymph nodes 

Table 5. Hodgkin's disease with clinical stagc I-III (n = 124): Subdiaphragmatic lymph node sites after 
laparotomy. 

CSI CS II CS I-II CS III 
Site 16 + SL/36SL 16 + SL/59SL 32 + SL/95 SL 16 + SL/29/ SL 

No. No. No. No. 

III 1: 
ccliac 6 9 15 7 
splenic hilus 3 4 7 10 
!iver hilus 1 o 1 2 

III 2 : 
paraaortal 1 1 2 7 
mesenteric o o o o 

iliacR o o o 2 
iliac L o o o 1 

CS = clinical stage, R = right, L = left 
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Table 6. Hodgkin's disease with clinical stage I-III 
(n = 124): Number and sites of biopsies, and rate of 
histologically positive biopsies on laparotomy. 

Site of biopsy Rate of histologically positivc 
biopsies 

No. % 

Liver 
Spleen 
Bone-marrow 
Lymph nodes: 

periportal 
spleenic hilus 
celiac 
paraaortal 
iliac right 
iliac lcft 
mcsenteric 

4/124 
40/124 
1/124 

3/11 
17/49 
22/64 
10/94 
2/41 
2/38 
0/75 

3 
32 
0.8 

27 
35 
34 
11 
5 
5 
o 

Table 7. Hodgkin's discasc with clinical stagc I-III 
(n = 130): Laparotomy rclated complications. 

Complications 

Early (5 % ): blccding from a. lienalis (surg) 
bronchopneumonia 
dchiscence 

Late(5%): 

Dcath (0%) 

severe wound infection 
ileus 
requiring surgcry 
herniation in thc surgical 
scar 
sepsis 

No. % 

1 o.s 
3 2.3 
2 1.5 
1 0.8 
3 2.3 
2 

3 2.3 

Table 8. Hodgkin's discase with clinical stage I-II:Time 
from diagnosis to the beginning of therapy - laparoto
mized vs. non-laparotomized paticnts. 

Lapa- No. of Range x 

rotomy pts days days Chi2 df p 

Yes 95 22-334 66.8 
3.75 1 0.0002 

No 124 23--243 43.3 

rent definition for the number of involved re

gions. For instance, we defined the localizations 

in the mediastinum and/or right and/or left 

hilus as one site, while other authors may have 

defined them differently. 

In our patitents with advanced disease, the 
stage after Sl was found to have decreased in 

45 % (Table 3) while other authors5• 6• 11 report

decrease in only 11-27 % of patients. A high 

percent of downstaging in our patients probably 

indicates a high false positive rate of diagnostic 

procedures under the diaphragm. 

In approximately one third of patients with 

supradiaphragmatic CS I-II, i.e. in 28 % (27/95) 

of our cases (Table 4) and 26 %-30 % of those 

reported by other authors,6• 11 HD in the spleen

is confirmed by SL. This fact actually proves 

how difficult it is to prove the presence of 

splenic involvement by menas of clinical exami

nations. In patients with CS I-II and positive 

SL, the spleen was affected most frequently; in 

our series this was the case in 84 % (27/32) 

(Table 4), while in other reports the rate ranges 

between 85-100 % of patients. 4• 6• 10• 12 The

spleen was found to be the only subdiaphragma

tic HD site in 31 % (10/32) of our patients and 

in 20-50 % of those reported by others.10-12 

According to our data, which are consistent 

with other reports, 11 all patients with HD in 

the liver also had splenic involvement. In CS 

I-II, HD was most frequently localized in the

upper abdomen (pathological stage - PS III1) 

88 % (28/32) in our series (Table 4) vs. 75-86 % 

in other reports), 6• 11 and rarely also in the

lower abdomen (PS III2) 9 % (3/32) in our 

series vs. 8.5-18% in other reports)6• 11 while

the extranodal involvement (PS IV) was rare 

3 % (1/32) in our series vs. 5.3--6.5 % in ot

hers). 6• 11 In our patients (Table 5) as well as

in those reported by other authors,5• 11• 13 lymph

nodes of the splenic hilus and celiac lymph 

nodes among those of the upper abdomen (PS 

III1), and the paraaortal among the lower abdo

minal lymph nodes (PS III2), were affected 

most frequently. According to Smithers, HD, 

which is initially situated supradiaphragmatical

ly, spread hematogenously under the diap

hragm, first into the spleen, thereafter lympho

genously (or hematogenously) into the lymph 

nodes of the splenic hilus and further into other 

lymph nodes (but not vice versa) as well as into 

extranodal organs (liver, bone-marrow).4 This

theory is supported by the following facts: l. 

in 25-35 % of patients with CS I-II the disease 

is situated under the diaphragm, 2. the spleen 

is the most frequent and often the only site of 

involvement, 3. upper abdominal lymph nodes 

are most frequently affected together with the 
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spleen and rarely alone, 4. !iver involvement 

always goes hand in hand with splenic involve

ment, and 5. the spleen is supplied only by 

efferent lymphatics. 

The quality of SL can be evaluted by the 

assessment of its technical performance, and in 

patients with PS I-II treated by mante! field 

irradiation (MFI) also by the number of sub

diphragmatic recurrences outside the radiothe

rapy field. 

The basic criteria for quality SL were ful

filled. Ali the patients underwent splenectomy, 

biopsy of both !iver !obes, biopsy of the bone 

marrow and biopsy of ali suspicious lymph 

nodes, while biopsy of ali Iymph nodes was not 

done (Table 6). Premenopusal women had 

"oophoropexy". In ours as well as in other 

centers11 • 14 biopsy was most frequently perfor

med in the following Iymph nodes: those of the 

splenic hilus, celiac, paraaortal and mesenterial. 

However, it would be unrealistic to base our 

assessment of the quality of SL solely on the 

number of subdiaphragmatic recurrences, tak

ing into account that 2/3 of Iaparotomized pa

tients were treated with subtotal nodal irradia

tion (STNI), for which it is difficult to find a 

reason. In those patients the radiation field 

included upper abdominal lymph nodes, which 

are most frequently affected in CS I-II. 

Our data for the occurence of early and late 

SL-related complications (Table 7) are compa

rable to those reported by other centers. 5• 6• 10• 13 

None of our patients had sepsis, though some 

authors5
• 
10• 13• 15-17 associate splenectomy with 

an increased risk of sepsis (0.1-10 % ), while 

others18 failed to prove any difference in the 

frequency of infection between sple11ectomized 

a11d 11on-sple11ectomized patie11ts. SL is associa

ted with 0-3 % mortality5
• 
10• 13 • 19- 22 although 110 

procedure-related deaths have bee11 registered 

by the majority of ce11ters in the last decade, 

probably due to adva11ced SL tech11ique, better 

pre- a11d postoperative care, as well as due to 

a more appropriate selectio11 of SL ca11dida

tes. s, 10 No11e of our patie11ts have died.

Some authors23• 24 report an i11creased inci

de11ce of acute myeloblastic leukemia in sple

nectomized patie11ts receivi11g MOPP chemo-

therapy, however, 110 such association has been 

confirmed by our results. 

The onset of primary (i11itial) treatment was 

postponed for almost a month due to SL (Table 

8); this data is consistent with other reports.25 

Conclusion: 

There are great differences between individual 

centers with respect to ghe quality of diagnostic 

workup, accuracy of SL performance, and the 

experience and competence of therapeutic 

team. Nevertheless, the fact that our results are 

comparable with those obtained elsewhere con

firms our competence to perform SL safely. 

Despite new diagnostic procedures, SL remains 

the most accurate albeit aggressive diagnostic 

method for the verification of subdiaphragmatic 

spread of HD. However, the opinions about 

when and whether this method is stili indicated 

at ali are controversial. 
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Electrochemotherapy with bleomydn. 
The first dinical experience in malignant melanoma patients 
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Electrochemotherapy offers a new approach to increase chemotherapeutic drug delivery. Exposure 

of cells or tissues to electric pulses potentiates the antitumor effectiveness of bleomycin and cisplatin, 

as demonstrated in vitro and in vivo on murine tumor mode/s and in clinical tria/s in head and 

neck carcinoma patients. To determine the antitumor effectiveness of electrochemotherapy with 

bleomycin in malignant melanoma patients, cutaneous and subcutaneous tumor nodules were treated 

with electric pulses after intravenous administration of bleomycin. Nodules oj various sizes were 

treated with single or multiple treatment. Also, antitumor effectiveness of electrochemotherapy with 

bleomycin was evaluated after severa! runs of electrochemotherapy treatment in the same patient 

with an interval of at least three weeks. The treatment effect was not dependent only on the tumor 

size, but also on the even distribution of the electric field for electropermeabilization of the nodules. 

Theref ore, nodules which were treated either with a single or severa! run s of electric pulses, and 

were completely covered by the treatment, regressed within two to three weeks after therapy. 

Electrochemotherapy was equally effective in the same patient when it was repeated after a three 

weeks interval. In reported 2 malignant melanoma patients complete response was achieved in 22 

out of 24 nodules treated. The preliminary results demonstrate that electrochemotherapy with 

bleomycin is effective in eradicating cutaneous and subcutaneous tumor lesions of malignant 

melanoma. Therefore, electrochemotherapy with bleomycin offers a successful approach to the 

treatment of cutaneous and subcutaneous tumor lesions in patients, without side effects and with 

high response rate. The treatment is applicable in nodules of varying sizes, since the nodules can 

be treated with multiple electric pulses to cover the whole tumor area and electrochemotherapy can 

be safely repeated severa! times. 
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Correspondence to: Gregor Serša Ph.D., Institute of 
Oncology, Dcpartmcnt of Tumor Biology, Zaloška 2; 
61 l05 Ljubljana, Slovenia. Tei: + 386 61 323 063 cxt. 
29 33, Fax: + 386 61 131 41 80. 

UDC: 616.5-006.81-085 .84:615 .277 .3 

Introduction 

In cancer treatment electrochemotherapy utili

zes electric pulses to potentiate delivery of 

chemotherapeutic drugs into cells. Exposure of 

cells or tissues to short intense electric pulses 

increases permeability of plasma membrane 

without impairing celi viability. This nonselec-
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tive plasma membrane permeabilization enables 

drugs to diffuse into the cells and reach their 

intracellular targets. 1-7 

Antitumor effectiveness of electrochemother

apy was extensively studied in murine tumor 

models using bleomycin or cisplatin as chemo

therapeutic drugs.8
-
17 In these studies it has

been demonstrated that for an effective antitu

mor action of electrochemotherapy very low 

drug concentration is needed, which is ineffect

ive when used without electric pulses. S-l7 The
chemotherapeutic drug can be given either sys

temically or locally, thus providing many possi

bilities of clinical application.15
-
17

,
18 

The first reports on antitumor effectiveness 

of electrochemotherapy in patients have already 

been published. In head and neck squamous 

celi carcinoma patients it was demonstrated 

that the treatment with bleomycin (10 mg/m2) 

followed by four or eight short intense electric 

pulses (100 µs, 1300 V/cm, frequency 1 Hz) 

administered through two external electrodes 

located on each side of the treated nodule was 

well tolerated. Objective responses were obtai

ned in a majority of the 40 treated nodules 

(72 % ) with 57 % complete response rate.19 

The aim of our study was to determine anti

tumor effectiveness of electrochemotherapy 

with bleomycin in malignant melanoma patients 

with terminal disease. In the study cutaneous 

and subcutaneous malignant melanoma nodules 

of various sizes were treated with single or 

multiple electrochemotherapy treatments. Also, 

the antitumor effectiveness of electrochemo

therapy with bleomycin was evaluated after 

severa! runs of treatment in the same patient. 

In this preliminary communication we report 

2 cases with repeated treatment for cutaneous 

and subcutaneous metastases of malignant me

lanoma. 

Patients and methods 

Patient description 

Patient 1: The female patient, bom in 1968 

(H.F.No.: 731/92), had a nevus on her right 

thigh removed 6 months after her first child-

birth, i.e. in October 1991, because during 

pregnancy, it grew bigger and became hemor

rhagic. Histological examination after radical 

removal revealed a nodular type of melanoma, 

Breslow 2.1 mm, Clark V. Due to the metasta

ses of the melanoma in the inguinal lymph 

nodes on the right, a radical inguinal dissection 

was carried out in December 1991. After the 

operation, the patient was treated with human 

leukocyte interferon alpha given in 2 MU doses 

once a week for 6 months. 

In April 1993, a number of skin metastases 

were detected on the gluteal part of the right 

thigh as well as in two inguinal lymph nodes 

on the right. The metastatic nodes in the in

guino-femoral region and two skin metastases 

of melanoma origin on the right thigh were 

removed by surgery. In June 1993, after the 

third of total five cycles of chemo-immunothe

rapy with vinblastine ( 4 mg/m2 intravenous (i. v.) 

on day 1), lomustine (60mg/m2 per os on day 

1), cisplatin (20mg/m2 given in a two-hour 

infusion on days 2-5) and interferon alpha-2b 

(6 MU subcutaneously on days 3-7), a complete 

response of the skin metastases in the right 

gluteal region was established. 

In March 1994, chemotherapy with dacarba

zine (400 mg/m2 i.v. on days 1-5) was applied 

due to recurrent melanoma growth on the skin 

and in the inguinal and retroperitoneal lymph 

nodes. The four-month treatment resulted in a 

complete response of skin metastases, whereas 

a partial response was noted in the inguinal and 

retroperitoneal lymph nodes. 

Four months after completed therapy, skin 

metastases of melanoma were cytologically con

firmed in the right gluteo-femoral region ex

tending over a 30 x 20 cm smiace. The inguinal 

and retroperitoneal lymph glands were not 

found to have enlarged since the previous ex

amination. US and CT examinations failed to 

detect metastases in the visceral organs. Perfor

mance status by Kamofsky scale was 100. The 

total blood count and chemistry were within 

normal limits. 

Patient 2: The patient, bom in 1951 

(H.F.No.: 2721/92), was operated on in January 

1992 in order to have a rapidly growing pigmen-
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ted nevus on the left thigh removed. Histologi

cal examination after radical removal revealed 

a nodular type of melanoma, Breslow 3.9 mm, 

Clark III. In July 1992, a radical inguino-femo

ral dissection of the lymph nodes on the left 

was carried out because of cytologically con

firmed melanoma metastases in the inguinal 

lymph nodes. After surgery, the patient was 

rcceiving human leukocytc interferon alpha, 2 

MU once weekly for 2 months. During the 

treatment with human leukocytc interferon al

pha, a number of skin metastases emergcd on 

the left thigh. In October 1992, the patient 

received radiotherapy for the skin metastases 

on thc left thigh and was simultaneously also 

treated by chemo-immunotherapy with dacar

bazine (interferon alpha-2b days 1-4, 3 MU 

daily; and dacarbazine 800 mg/m2 on day 5 i.v. 

bolus repeated every thrce weeks). Altogether, 

the patient had undergone four treatment 

cycles. In January 1993, a complete response 

of thc skin metastases was observed in the 

irradiated area whercas further progression of 

metastases was noted in the area outside the 

radiation field. Between January and July 1993, 

the skin metastases with the largest diameter 

not exceeding 5-15 mm were treated with seve

ral intratumoral applications of interferon al

pha-2b. This treatment resulted in a complete 

response of all skin mctastases, which was main

tained until June 1994, when further progres

sion of the disease was noted in thc iliac lymph 

nodes on the lcft and in the inguinal lymph 

nodes bilaterally, together with the occurrence 

of skin metastases on the left thigh and shank, 

and pulmonary metastascs. After three cycles 

of chemo-immunotherapy with dacarbazine and 

interferon alpha-2b a complcte response of the 

pulmonary metastases was observed along with 

further progression of skin and lymph node 

metastases. The systemic treatment was there

fore stopped and replaced with irradiation of 

the bilateral inguinal lymph node metastases. 

The patient received daily dose of 600 cGy 

twice a week to an irradiation field of 9 x 13 

cm; left and right inguinal lymph node sites 

were irradiated with a total dose of 3000 cGy 

each. 

Before electrochemotherapy treatment of 

skin metastases, the patient's performancc sta

tus by Karnofsky scale was 60; severa! subcuta

neous metastases with the largest diameter ran

ging from 2 mm to 3 cm were noted on the left 

thigh and shank. The metastatic inguinal lymph 

nodes were enlarged on both sidcs. No mela

noma metastases could be found in the lung 

and !iver. The total blood count and chemistry 

were within the limits of normal values. 

Electrochemotherapy treatment 

Electrochemotherapy consisted of i.v. admini

stration of bleomycin (Mack, Germany) fol

lowed by exposure of melanoma nodules to 

electric pulses. Bleomycin was administered i.v. 

in 30 seconds at the dose of 10 mg/m,2 regar

dless of the number of nodules treated. The 

interval between bleomycin administration and 

electric pulse application was 8 minutes. Thc 

nodules to be trcated were sprayed few minutcs 

before electric pulse application with xylocaine 

(Astra, Germany) in order to avoid pain. 

Square wave electric pulses of 100 µs, 910 V 

amplitude (1300 V/cm), frequcncy 1 Hz were 

delivered through two parallel stainless steel 

elcctrodes ( distance 7 mm; width 7 mm; length 

14 mm, with rounded tips) with an electropul

sator Jouan GHT 1287 (Jouan, France). Electri

cal parameters were controlled using oscillos

cope HM 205-3 (Hameg Instruments, Germa

ny). Electric pulses were delivered in two trains 

of four pulses with one second interval, delive

red in two perpendicular directions ( 4 + 4 

configuration). Good contact between the elec

trodes and the skin was assured by means of 

conductive gel. When severa! nodules were 

treated in the same session electric pulses were 

delivered one after the other at the intervals of 

at least one minute. Largc nodules wcre treated 

with severa! runs of electric pulses, administe

red in adjacent position in the way that the 

whole tumor area was covered. 

Follow up 

During the electrochemotherapy treatment pa

tients were carefully monitored for evaluation 
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of treatment effects. After the treatment the A 
patients remained in the outpatients clinic for 

two hours, when they were examined and relea-

sed. As outpatients they were examined weekly 

and the treatment response was evaluated. Tu

mor nodules were measured with caliper and 

were photographed before and after the treat

ment. The therapeutic response of electroche

motherapy was scored according to WHO gui

delines as progressive disease (PD) if tumors 

increased more than 20 % in size, no change 

(N C) if the tumors decreased in size less than 

50 % , partial response (PR) if the tumors B
decreased more than 50 % and complete re

sponse (CR) if they became unpalpable. 

Results 

Case reports 

Patient 1 received bleomycin 10 mg/m2 i. v. on 

December 6, 1994; 8 minutes later electric 

pulses were applied to two metastases measu

ring 5 x 5 x 3 mm (39 mm3) and 5 x 3 x 2 mm 

(16 mm3), respectively; another two lesions 

untreated by electric pulses served as controls .. 

Both electrochemotherapy treated lesions un

derwent complete response after 14 days while 

the control lesions progressed. (Table 1, session 

A). Second electrochemotherapy session (Table 

1, session B) was introduced on December 21, 

1994 for a skin metastasis of 22 x 27 x 2 mm 

(622 mm3). Electric pulses were applied con

secutively in 12 runs, administered in adjacent 

position, covering the whole tumor area. After 

21 days a complete response of the treated skin 

metastases was confirmed, as illustrated in Fig

ure lA and B. 

Table l. Patient 1: eleetroehemotherapy eonditions 
and effects. 

Session No. of No. of Sizc ofthc trcatcd Rcsponsc+ 

trcatmcnts* nodules nodules (mm3) 

A none 1 
none 1 

1 
1 1 

B 12 1 

Bcfore trcatmcnt 
-4 weeks latcr 

39 
9 

39 
16 

622 

188 

56 
o 
o 

o 

PD 

PD 

CR 
CR 

CR 

* treatment application of 4 + 4 eleetric pulses 
+ PD - progressive disease; CR - complete response

Figure l. In patient 1 the smaller tumor nodule was 
treated with single application (4 + 4) of eleetric pulses 
in the first session. The marks whcre the electrodes 
were positioned are stili visible (A). In the bigger 
tumor nodule the positions of the electrodes for the 
12 treatments with electric pulses in 4 + 4 configuration 
were marked with ballpen. Three and five weeks after 
the first and the second electrochemotherapy session, 
both tumor nodules were in complete response (B). 
Electrode marks and superficial scabs on the bigger 
tumor nodule are clearly visible. 

In January 1995, the patient was referred to 

irradiation of the central nervous system due 

to two inoperable brain metastases. Because of 

severe neurological symptoms and epilepsy, no 

further electrochemotherapy treatment of skin 

metastases was indicated or applied. The pa

tient was maintained on symptomatic therapy 

until May 1995, when she died of brain edema 

due to further progression of brain metastases. 

All electrochemotherapy treated metastases 

remained in complete response until the pa

tient's death. 

Patient 2 received bleomycin 10 mg/m2 i.v. 

on October 24, 1994, 8 minutes later two meta

stases measuring 29 x 24 x 8 mm (2915 mm3) 
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and 16 x 11 x 5 mm (461 mm3), respectively, 

on the left thigh and shank were treated by 

electric pulses, while another metastasis measu

ring 18 x 13 x 5 mm (613 mm3) untreated by 

electric pulses served as a control (Table 2, 

session A). The control metastasis and smaller 

metastasis treated with electrochemotherapy 

progressed, while the bigger one underwent a 

decrease. 

On November 28, 1994, after the application 

of bleomycin, 5 skin metastases on the left 

thigh and one on the left forearm, their largest 

diameters ranging from 4 to 15 mm, were 

treated with electric pulses (with tumor volumes 

251, 88, 17, 17, 17 mm3 , respectively). The 

biggest one (on the Ieft thigh, 251 mm3) was 

treated with two runs of electric pulses, cove

ring the whole tumor area. Ali the electroche

motherapy treated lesions underwent complete 

response (Table 2, session B). 

On December 14, 1994, after the application 

of bleomycin, 13 skin metastases, with the 

largest diameters from 4 to 6 mm, on the back 

of the right thigh and on the right side of the 

thorax were treated with electric pulses ( ave

rage tumor volume 20 mm3). All electrochemo

therapy treated lesions underwent complete re

sponse (Table 2, session C). 

In January 1995, there were metastases de

tected in the Jung, !iver, spleen, and in the 

retroperitoneal lymph nodes. The patient died 

of !iver metastases in February 1995. When he 
died, ali the metastases treated with electro

chemotherapy on November 28 and De-

Table 2. Paticnt 2: clcctrochcmothcrapy conditions 
and cffccts. 

Scssion No. of No. of Size ofthc treatcd Rcsponsc+ 

trcatmcnts* nodulcs nodulcs (mm3) 

A nonc 1 

4 1 

1 1 

B 2 l 

1 1 
1 4 

C 1 13 

Bcforc treatment 
- 4 wccks latcr 

613 1253 

2915 2027 

461 785 

251 o 

88 o 

17 o 

20 o 

PD 
NC 
PD 

CR 
CR 
CR 

CR 

* trcatment = application of 4 + 4 clectric pulses
+po - progrcssivc disease; NC - no change;
CR - complctc response

cember 14, 1994 were found to have regressed 

completely; the bigger of the two metastases 

treated on October 24, 1994 was in regression, 

whereas the smaller one was in progress. 

Side effects 

There were no major local or general side 

effects noted. Muscle contractions were obser

ved after each pulse. The contractions were 

instantaneous, disappearing immediately at the 

end of each pulse. Although the contractions 

were tolerable in treated regions, an unpleasant 

sensations described as a local pain or shock 

were reported by the patients. Severa! hours 

after treatment, the only noticeable effect was 

the occurrence of erythema and slight edema 

at the treated area. These symptoms disappea

red in one day. Marks of the electrodes were 

visible for severa! weeks after the treatment. 

No significant changes in blood count and bioc

hemistry were observed. 

Discussion and conclusion 

The preliminary results of an on-going tria! on 

malignant melanoma patients demonstrated 

that electrochemotherapy with bleomycin is ef

fective in eradicating cutaneous and subcuta

neous tumor lesions of malignant melanoma. 

In the two reported malignant melanoma pa

tients complete response was achieved in 22 out 

of 24 nodules treated. 

Our results support the outcome of the first 

clinical tria! with electrochemotherapy with 

bleomycin of head and neck squamous cell 

carcinoma, where 57 % of the treated nodules 

were in complete response after the treat

ment. 19 The treatment protocol of our study on

malignant melanoma and the study on squa

mous cell carcinoma are similar except some 

modifications. Melanoma patients with cuta

neous and subcutaneous nodules were treated 

without general anesthesia, with electric pulses 

delivered in 4 + 4 configuration. Furthermore, 

treatment protocol was extended to severa! 

runs of electric pulses being applied to bigger 

tumor nodules, and repeated treatment with 

electrochemotherapy in the same patient with 

a few weeks interval. 
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As reported, antitumor effectiveness of elec

trochemotherapy was dependent on tumor size, 

the best response being noted in smaller nod

ules up to 20 mm3 of volume. Nevertheless, it 

seems that the response is dependent also on 

the even distribution of the electric field for 

electropermeabilization of nodules, since bigger 

nodules that were treated with severa! runs of 

electric pulses completely covering the tumor 

area regressed within two to three weeks after 

treatment. Also, electrochemotherapy was 

equally effective in the same patient when it 

was repeated after a three-week interval. These 

first results demonstrate that electrochemother

apy is feasible as a local form of treatment since 

it does not cause significant side effects, either 

immediate or delayed. All the observed side 

effects appear to be reversible. A clear antitu

mor effect was observed in patients with disease 

resistant to conventional methods. Further

more, electrochemotherapy could be safely 

repeated. 
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Cytostatic chemotherapy f or small celi lung cancer in patients 
of age 75 years or older 

Peter Berzinec, Milan Kroslak, Stefan Petricek, Magdalena Arpasova, Helena 
Kuzmova 

Institute of TB and Respiratory Diseases, Nitra, Slovakia 

Eleven patients of age 75 years or older with histologically and!or cytologically praven small celi 

lung cancer (SCLC) were treated at our institution during the period of 5 years 1990-1994. 

Patients characteristics: JO men, I woman, age: median: 77, range: 75-82 years, performance status 

WHOS.3. 

Treatment: different treatment schedules were used according to patients status and comorbidity. 

Single drug therapy with teniposide or etoposide was used in five patients, in six patients further 

cytostatics (mostly carboplatin) were used in addition. 

Results: response rate after 2 courses of therapy: complete response: Z (9%), partial response: 5 

(45 %), stable disease: 3 (27%), progression: 2 (18 %), survival time: median: 7.5, range: 1-32 +

months, adverse effects: except far 3 leukopenias (2x WHO grade 3, Jx WHO grade 4) no serious 

adverse effects. 

Conclusion: currently available cytostatics far SCLC, especially epipodophyllotoxins alone or in 

combination with carboplatin, seem to be effective and (with adequate premedication) well tolerated 

even in very old patients. 

Key words: lung neoplasms-drug therapy; carcinoma, small cel!; antineoplastic agents; aged 

Introduction 

Small cel! lung cancer accounts for approxima

tely 25 % of all cases of lung cancer. 1 Cytostatic 

chemotherapy is the standard treatment moda

lity as initial therapy and favorably influences 

both quality and quantity of survival. However, 

very old patients are regarded as a poor candi

dates for aggressive combination chemothera-
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py. Chronological age per se should not, in our 

view, exclude patient from the standard proto

col of treatment. Most of these patients, if not 

all, may have, however, comorbid conditions 

such as chronic obstructive lung disease, conge

stive heart failure, coronary artery disease, or 

others, that will influence the decision of che

motherapy. Further, there is an age-related 

reduction in creatinine clearance.2 The wishes 

and expectations of the elderly patient may 

differ and must be considered before treatment 

decision as well. 

There are only a few data in the literature 

about the cytostatic chemotherapy for small 

cell lung cancer in elderly patients and in fact 
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Table 1. Patients charactcristics. 

No.-of patients 
Male 
Female 

Age (yrs) 
median 
range 

Performance status 
WHOI 
WHO2 
WHO3 

Disease stage 
Limited disease 
Extensive disease 

11 
lO 

77 
75-82

3 
5 
3 

5 
6 

none aimed specifically at the very old patients. 

The aim of our retrospective study was to assess 

the results of cytostatic chemotherapy for small 

cell Iung cancer in 75 years or older patients, 

i. e. the patients who are considered to be very

old.

Patients and methods 

Eleven patients of 75 years or older with histo

logically and/or cytologically proven small celi 

Iung cancer were treated at our institution du

ring the period of 5 years: 01. 01. 1990 - 31. 

12. 1994. Characteristics of the patients are

shown in Table l.

By the start of chemotherapy 5 patients were 

considered to have limited disease (LD), 6 

extensive disease (ED) - defined as a tumor 

dissemination beyond the hemithorax and its 

regional node drainage (mediastinal, scalene 

and supraclavicular). 

Different cytostatic treatment schedules were 

used according to patients status and comorbi

dity. Single drug therapy with epipodophylloto

xins - teniposide or etoposide was used in 

five patients, in six patients further cytostatics 

(mostly carboplatin, in one case cyclophospha

mide) were used in addition. The overview of 

treatment schemes most often used in our pa

tients is in Table 2. Chemotherapy was planned 

for at least 2 courses and maximum 6 courses 

in responders. Chest radiotherapy was sugge

sted to 2 patients with LD after the chemothe

rapy, but it was accepted only by 1 patient. 

Table 2. Therapeutic protocols. 

No. Drug 

1. Etoposide
2. Etoposide
3. Teniposide
4. Etoposide

Carboplati11_

Daily 
<lose 

mg/m2 

150 
120 
30 
120 
300 

Admini-
stration 
route 

p.o
i. v.
i. v.
i. v.
i. v.

Day Frequency 

1-5 3 weeks 
1-3 3 weeks 
1 -5 15 days 
l -3 3 weeks 
1

Patients evaluation before therapy included 

a history and physical examination, complete 

blood count, urinanalysis, electrolyte levels, 

chemical survey, roentgenograms and ultra

sound investigation. These investigations were 

repeated before each course of therapy. CT 

was used only selectively, bone radionuclide 

seans were used in the same manner. 

A complete response was defined as the 

disappearance of ali evidence of tumor for at 

Ieast 4 weeks. A partial response was defined 

as a 50 % or greater decrease in the sum of the 

products of the diameters of ali measured lea

sions persisting at least 4 weeks. No lesion 

could increase in size and no lesion could 

appear. Progressive disease was defined as any 

increase greater than 25 % in the sum of the 

products of diameters of any observed lesion 

or as the appearance of any new lesion. Survival 

was calculated from the start of chemotheraphy. 

Results 

Response data 

The response data after 2 courses of therapy 

are shown in Table 3. 

The overall response rate was 6/11 (54 % ). 

The response rate in the group of patients 

treated with single drug therapy - teniposide 

or etoposide - was 3/5 (60 % ), in the group of 

patients treated with combination of cytostatics: 

3/6 (50%). 

Eleven patients received total 32 courses of 

chemotherapy, mean 2.9 courses per patient, 

range: 1 - 6 courses. Despite our intention to 

administer at !east 2 courses of chemotherapy, 

2 patients received only 1 course of treatment. 
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Table 3. Response <lata and survival. 

No. of patients 
Complete response 
Partial response 
Stablc disease 
Progression 
Overall response 
Survival (month) 

median 
range 

Follow-up (month) 
median 
range 

11 

1 (9%) 
5 (45 %) 
3 (27 %) 
2 (18 %) 
6 (54%) 

7.5 
1-32+ 

7.5 
1-32 

This resulted from rapidly progressive disease 

in one patient and from overall somatic deterio

ration in second patient by progressive cancer 

disease. These patients were included into the 

analysis of the results, as well as one patient 

with chest radiotherapy followed after 4 courses 

of chemotheraphy with teniposide (the survival 

tirne in this last patient was 9 months). 

Toxicity 

Except for 3 leukopenias (WHO grade 3: 2x, 

WHO grade 4: lx) no serious side effects were 

observed. Ali patients received antiemetics, 

mostly oral ondansetron alone or in combina

tion with intravenous dexamethason, given as 

a standard before the chemotherapy and repea

ted if needed, so there was virtually no vomitus. 

Discussion 

Elderly patients were frequently excluded from 

clinical trials until recently, 3 so it is not surpri

sing that the data in the literature about the 

treatment of small celi lung cancer in this group 

of patients are limited. Smit et al.4 reported 

overall response rate 71 % in 35 patients older 

than 70 years treated with oral etoposide 

8 00mg/m2 over 5 consecutive days. Toxicity 

was minimal and there were no hospitalizations 

needed for drug-related toxicity. Carney et al.5 

observed with the same treatment scheme over

all response rate 79 % in a group of 53 patients 

in the age 70 years or older. 

Bork et al. 6 observed response rates 77 % 

and 66 % respectively in the comparative study 

of teniposide and etoposide in a dose 70 mg/m2 

for 5 days for both drugs and median survival 

tirne 11 v 8.5 months in 92 patients of age 70 

years or older. Other authors7• 8 have reported 

response around 50 % in elderly patients treated 

with teniposide as single drug therapy, but 

Cerny et al. 8 reported high toxic death rate 5 

of 30 in their group of patients with a fixed 

dose of teniposide 100mg/m2 every 3 weeks. 

Bishop9 and Raghavan et al. 10 studied the 

outcome in 26 patients treated with carboplatin 

+ etoposide combination who were aged 70

years or older. An objective response was seen

in 88 % of patients. Neutropenia and trombocy

topenia were seen more often than in younger

patients, but none of the elderly patients had

infective or bleeding sequelae.

The overall response rate to the chemothe

rapy seen in our patients in the age of 75 years 

or older was 54 % - similar to the results of 

the other, above mentioned authors. Median 

survival tirne was 7.5 months after the start of 

chemotherapy. In one patient the Iong - term 

survival has been achieved and the patient 

continues to live in good overall status 32 

months after the start of chemotherapy i. e. 28 

months after finishing 4 courses of carboplatin/ 

etoposide chemotherapy. The toxicity of che

motherapy in our group of patients as a whole 

was acceptable. 

Considering the fact, that the median survival 

tiine for untreated patients with small celi Jung 

cancer is only 2 or 7 weeks for extensive or 

limited disease respectively, 11 we may conclude, 

that the currently available cytostatics, espe

cially epipodophyllotoxins alone or in combina

tion with carboplatin, seem to be effective and 

with adequate premedication well tolerated 

even in very old patients. 
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Analytical representations of dinical electron beam central axis 
depth doses 
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Analytical expressions proposed to date to approximate central axis electron beam depth dose 
distributions are reviewed and their quality of fitting discussed. A recently developed analytical 
expression based on only four fitting parameters is analyzed. The expression approximates well the 

measured electron beam data from two commercial Zinem· accelerators in the field size range from 
4X4 cm2 to 25X25 cm2 and in the energy range from 4 Me V to 22 Me V in all four regions of the 
depth dose curve: build-up, dose maximum, dose fall-off, and bremsstrahlung contamination. 

Key words: electrons, particle accelerators, depth doses 

Introduction 

The particular energy loss characteristics of 

electrons as they penetrate into tissue make 

electrons suitable for use in treatment of super

ficial malignant diseases. Advantages of elec

trons over superficial x-rays and brachytherapy 

are a better dose homogeneity in the target 

volume and a lower dose in tissues surrounding 

the target. The electron beam depth dose distri

butions consist of four regions: buildup, dose 

maximum, dose fall-off, and bremsstrahlung 

contamination. Ever since the first depth dose 

distributions of clinical electron beams were 

measured in water, attempts have been made 

to describe the measured distributions with 

analytical expressions. In the individual dose 
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regions, it is relatively easy to approximate the 

dose distributions analytically; however, the 

distributions are difficult to describe accurately 

with a single expression covering ali four re

gions simultaneously. 

In 1953 Laughlin et al. 1 proposed the first 

analytical expression to reproduce electron 

depth doses in water. Since then, attempts to 

describe analytically depth doses of clinical elec

tron beams have continued with varying degrees 

of success. 2
-

12 With each subsequent new pro

posal, the analytical expressions became more 

accurate but also, to a certain degree, more 

complicated, as they depended on an ever

increasing number of empirical parameters 

involved in the curve fitting process. 

In this note, we present a summary of expres

sions that were proposed to date by various 

· authors to describe electron beam depth dose

data analytically. For each expression, we show

the fit it provides to a typical measured depth

dose distribution. We also provide an analysis

of an analytical expression which we developed
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recently for description of electron beams of 
various energies and field sizes. 12 The expres
sion reproduces electron beam central axis 
depth doses well in ali four regions of the depth 
<lose curve, and it achieves this with a smaller 
number of empirical parameters than does the 
most accurate approximation proposed pre
vious!y .11 

Analytical expressions for eledron beam depth 
doses 

The first analytical representation of clinical 
electron depth doses was proposed by Laughlin 
et al. 1 as follows:

D(x) = 11 O I O exp [µ (x - Xm)] , (1) 

where D(x) is the percentage depth <lose at 
depth x in the medium, µ is an attenuation 
coefficient, and Xm is the depth of <lose maxi
mum. The equation is simple, depends on only 
two parameters (µ and xm), but agrees with 
measured <lata only for relatively Iow energy 
electrons in the <lose fall-off region. The equa
tion is valid neither for the <lose build-up region 
nor for the bremsstrahlung region. 

To provide a better analytical description of 
electron depth doses, Bagne2 proposed a modi
fication to Eq. (1) through the addition of a 
cubic term in the exponent: 

D(x)=I 10-10 exp[µm ((x-Xm) p - A. (X-Xm)' p1)] (2) 

where D(x), x and Xm were defined above, µm 

is a mass attenuation coefficient, Q the density 
of the medium, and A a third adjustable parame
ter. This equation, although an improvement 
over Eq. (1), is also only valid for the <lose 
fall-off region. 

Pacyniak and Pagnamenta3 derived the 
following equation based on physical argu
ments: 

D(x)=loo(.R..:.x)A(l +A�) 
R-Xm R-xm 

(3) 

where R is the practical electron range in the 
medium and Xm again the depth of maximum 
<lose. The third parameter A is defined as 

A = µ (RJE), where µ represents an attenu
ation coefficient and E the average electron 
energy. In contrast to Equations (1) and (2), 
Eq. (3) provides a fairly good approximation 
to the measured depth doses in the build-up 
region, <lose maximum region as well as in the 
<lose fall-off region. At depths beyond the range 
R, however, the equation generates high nega
tive percent depth doses and therefore cannot 
account for the bremsstrahlung contamination 
of the electron beam. 

Further attempts to parametrize electron 
depth <lose <lata were based on different types 
od mathematical functions which can mimic the 
dependence of measured depth doses on the 
depth in phantom. One group the these propo
sed approximations4-7 uses polynomial func
tions as follows: 

D(x)=l00 +.(X-Xm)2[a, + a, x + a, x2 + a, x'] 

m=5 D(z) = 100 ��2 am zrn wilh z= x-;m 

D(x) = 10qao +a1 f.;-+ •�t"J21f.:- ') , and 

D(x) = ao (a, - 2 a, s+ a, a, s<•,-1> + a, a. s(a.-1)) 
exp[ - (a, s + a, s' + a, s (a,) + a, s (a,)] + B 

(4) 

(5) 

(6) 

(7) 

where Xm again is the depth of the <lose maxi
mum, ai are adjustable parameters, and para
meter B in Eq.(7) is a bremsstrahlung dose
related function. Variables z and s in Equations 
( 5) and (7), respectively, are normalized depths
defined as z = (x -Xm)/E where E is the elec
tron beam energy, and s = x/R

P 
where Rr is

the measured practical range of electrons.
It was shown4-6 that Equations (4), (5) and 

( 6) fit the measured electron depth doses rela
tively well in the build-up region, <lose maxi
mum region, and in the sharp <lose fall-off
region for electron energies from 5 Me V to
20 Me V and for field sizes from 5 x 5 cm2 to
25x25 cm2• However, they fail, similarly to Eq.
(3), to provide an acceptable approximation in
the bremsstrahlung background region in which
they generate high negative depth <lose values,
a property typical of ali proposed polynomial
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representations of electron depth doses. Equa

tion (7) approxirnates ali four electron depth 

dose regions but is obviously quite cornplicated 

as it depends on a large nurnber of fitting 

pararneters. 

Another group of rnathernatical approxirna

tions to electron bearn depth doses is based on 

a rnodified Fermi-Dirac distribution function:8-

10 

D(x) = --1QQ 
1 + ex�(x :.xs�l] 

D(x) 108 ,and · l+ aexp[µ(x-x,)) 

D a1 x2 + a2 x + a3 (x) 1 + exp [a, {x - as)] 

(8) 

(9) 

(10) 

where x50 in Eq.(8) is the depth in the dose

fall-off region at which the dose reaches 50 % 

of the rnaxirnurn value and x8 in Eq. (9) is the 

depth in the fall-off region at which the dose 

is equal to the surface dose. Parameter a in 

Equations (8) and (9) and pararneters ai in Eq. 

(10) are adjustable pararneters. Equations (8)

and (9) give rnuch better approxirnations to ·

electron depth doses in the build-up region

than Equations (1) and (2), but they are consi

derably less efficient than the polynornial Equa

tions (3 through 7) in sirnultaneously approxi

rnating both the build-up region and the dose

fall-off region. Moreover, they still tend to

generate negative percent depth doses in the

brernsstrahlung contarnination region.

An excellent quality of curve fitting was 

achieved with Eq. (10), which has five fitting 

pararneters and gives a very good approxirna

tion for electron depth doses in the build-up 

region, dose rnaxirnurn region, and the dose 

fall-off region. However, at large depths Eq. 
(10) yields either zero or negative values and

thus cannot reproduce the dose behaviour in

the brernsstrahlung region.

A more recent and very successful analytical 

representation of electron depth doses as a 

function of the depth in phantorn was proposed 

by Strydorn11 as follows: 

D(x) {100-B) 
1 -a, {x-xm) 

exp(-(x -xm)'[a2 +a3 (x -Xm) + "4 (x-xmJ2Jl + B 
(11) 

where Xm again is the depth of the dose rnaxi

rnurn, B represents the brernsstrahlung dose 

bakcground, and ai are adjustable pararneters. 

This equation has in effect six varying pararne

ters: (four fitted pararneters: a1, a2 , a3 , a4 and 

two rneasured pararneters: Xm and B), and 

describes very well the electron depth doses in 

ali dose regions, including the brernsstrahlung 

dose background region. 

The various approaches to analytical descrip

tions of electron bearn depth dose distributions 

discussed above and given by Equations (1) 

though (11) are illustrated in Figure l. A typical 

elecron bearn depth dose curve rneasured in 

water (9MeV, field size: 10x10 crn2), and

shown as data points, is approxirnated by va

rious expressions (solid curves) proposed to 

date, starting (a) with the rudirnentary initial 

proposal of Laughlin et al. 1 with two pararneters

and ending with (j) the excellent fitting based 

on six pararneters proposed by Strydorn. 

The varying quality of the curve fitting results 

for each to the approaches proposed to date is 

clearly evident frorn Figure 1, which also gives 

for each of the approaches the nurnber of 

pararneters required for the curve fitting proce

dure and the year of the proposal. It is evident 

that the curve fitting proposals irnproved with 

tirne but they also becarne considerably more 

cornplicated as they depended on ever-increas

ing nurnbers of fitted and rneasured pararneters. 

As shown in Figure 1 (j), Strydorn's equation 

based on six pararneters provides an excellent 

approxirnation to rneasured electron depth do

ses with four fitted pararneters in addition to 

two rneasured pararneters: the depth of dose 

rnaxirnurn and the brernsstrahlung contarnina

tion. Thus, the objective of an accurate appro

xirnation of the whole electron bearn central 

axis dose distribution has been met successfully 

with six pararneters in Eq. (11). It is clear that 

new approaches will not be able to irnprove the 

quality of fitting; however, they rnight sirnplify 

the fitting procedure by using equations which 
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Figure l. Central axis electron beam depth doses 
calculated from analytical expressions given by Equa
tions (1) through (6) and (8) through (11), compared 
to data measured for a 9 Me V electron beam with a 
field size of 10 x 10cm2. Calculated <lata are shown
with solid curves, measured <lata as points. For each 

analytical expression, the number of required parame
ters and the year the expression was developed are 
also given. Equations (1) through (6) correspond to 
parts (a) through (f), respectively. Equations (8) 
through (11) correspond to parts (g) through (f), 
respectivcly. 
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achieve a similar quality fit with a lower number 

of parameters. 

We have recently proposed12 a new analytical 

equation which contains only four parameters 

and is able to fit the measured electron depth 

doses in all four regions for various nominal 

energies of the electron beam as well as for 

various field sizes. The equation is given as 

follows: 
(12) 

D(x) = 

(IOO -B) -5 exp(-1x) + B , 
l +a(x+c)(x-c)2exp(bx(x+c)(x-c)2] c 

where a, b, and c are the fitted parameters, B 

is a measured parameter representing the 

bremsstrahlung contamination, and x is the 

depth in medium. 

Materials and methods 

The validity of the approximation given by Eq. 

(12) was verified with electron beam depth

dose data which were measured in water at a

source-surface distance (SSD) of 100 cm using

a 3-D isodose plotter with a p-type semi-con

ductor detector. In the build-up region the

percentage depth doses were measured in poly

styrene with a parallel-plate ionization chamber

(Markus-type PTW, model 329). Two linear

accelerators (Philips SL-25 and Varian Clinac

2300C/D) were used as sources of electron

beams with square field sizes in the range from

4 x 4 cm2 to 25 X 25 cm2 and beam energies in

the range from 4MeV to 22 MeV.

Nonlinear curve-fitting was performed with a 

commercially available graphics software pack

age (KaleidaGraph by Abelbeck Software) on 

a Maclntosh computer. The general curve fit

ting space is missing program, based on a 

Marquardt algorithm, 13 is both powerful and 

efficient, able to fit any arbitrary single variable 

function containing up to nine fitted parame

ters. Moreover, the program allows fitting of 

weighted data as well as the use of partial 

derivatives. In our curve fitting procedure we 

used wqually-weighted data points. 

Results and discussion 

The fitting of Eq. (12) to measured electron 

beam percent depth doses resulted in a set of 

optimized numerical values for parameters a, b 

and c as a function of field size and nominal 

electron beam energy. The numerical values of 

parameters a, b, c and B depend on the field 

size as well as on the nominal energy of the 

beam. The second term in the right-hand side 

of Eq. (12) adjusts the shape of the function 

to the dose measured at the phantom surface 

and in its vicinity. 

For curve fitting purposes, the initial values 

of the four parameters are set as follows: the 

initial value of c is set equal to Xm, the measured 

depth of dose maximum; the initial value of a 

is obtained from Eq. (12) for the phantom 

surface, i.e., x = O and D(O) = Ds as: 

a 100-(D,+5) 
c' (D, + 5 - B) 

(13) 

The initial value of b is set a few (typically 

six) times smaller than the initial value of a; 

and B is set equal to the measured bremsstrah

lung contamination which is assumed constant 

for a given electron beam energy. The non-li

near curve fitting starts with the initial values 

for a, b, and c and reaches the optimal values 

for a, b, and c through an iterative process. 

Note that Eq. (13) is used only for estimation 

of the initial value of parameter a using meas

ured values for the surface dose D
s 

and brems

strahlung contamination B, and the initial value 

for c as equal to Xm. The fina! optimal values 

for parameters a and c are generally not related 

through Eq. (13). 
An example of Eq. (12) used in fitting expe

rimental electron depth doses is shown in Figure 

2 for a field size of 10 X 10 cm2 and electron 

beams produced by two of our high energy 

lineai· accelerators. Measured data are shown 

as data points and the corresponding calculated 

depth doses by solid curves. Parts (b) and ( d) 

of Figure 2 show on an expanded scale the 

build-up regions of parts ( a) and ( c), respective

ly. The agreement between the measured data 

and the fitted data in all four regions of the 
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electron depth dose curves is excellent, proving 

that Eq. (12) with four parameters offers an 

excellent analytical approximation to measured 

data. Optimized parameters a, b, and c as well 

as the two measured parameters B and D, for 

beams of Figure 2 are given in Table 1. 

The quality of fitting Eq. (12) to the electron 

beam data set of Table 1 was evaluated for 

percentage depth doses above 20 % . The results 

of a statistical comparison between calculated 

and measured data representing 655 analyzed 

points ( 10 x 10 cm2 field size, six beam energies

for each of the two linear accelerators) are as 

follows: at the phantom surface, in the build-up 

region, and in the dose fall-off region, 61 % of 

calculated points matched the measured data 

within 1 % , 92 % within 2 % , and 98 % within 

3 % . In the fall-off region, the difference be

tween the measured and calculated depths cor

responding to the 50 % depth dose was within 

0.4mm for all electron energies produced by 

the two lineai· accelerators. 

Fitting of Eq. (12) to other sets of measured 

electron beam data gave results similar to those 

shown in Figure 2. for the 10 x 10 cm2 field

size. Thus a conclusion can be made that the 

quality of fitting is independent of electron 

beam machine, field size, or electron beam 

energy, and all four regions of the electron 

depth dose curves are approximated well with 
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Figure 2. Central axis pereentage depth doses for a 
field size of 10 x 10 cm2 and various clinical electron 
beams produced by two linear accelerators: (a) and 
(b) Varian Clinac 2300C/D; and (c) and (d) Philips
SL-25. Measured data are shown as data points and

eorresponding dose distributions calculated with Eq. 
(12) are represented by solid curves. Parts (b) and ( d)
show in greater detail the build-up and dose maximum
regions of parts (a) and (c), respectively.
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Table l. Optimized values of fitting parameters a, b, and e and measured parameters B and D, for 10 x cm2 

electron bcams with various nominal energies for two commercial linear accelerators: a Varian Clinac 2300C/D 
and a Philips SL-25. 

VARIAN 
CLINAC 
2300 C/D 

PHILIPS 
SL-25 

Nominal 
elcctron 
encrgy 
(McV) 

6 
9 

12 
15 
18 
22 

4 
6 
8 

10 
12 
15 
18 
20 

22 

a X 107 

(mm-3)

1283.3 
278.29 
76.647 
24.050 
11.810 
7.1493 

3652.7 
1104.0 
369.59 
178.34 
85.550 
33.882 
15.922 
8.3512 
4.7616 

the fitting procedure. Equation (12) with four 

fitting parameters thus provides a relatively 

simple yet precise means for expressing clinical 

electron beams analytically. 

Conclusions 

Ever since electron beams have been used 

clinically, attempts have been made to describe 

analytically the measured central axis depth 

dose distributions. These distributions consist 

of four regions: dose buildup, dose maximum, 

dose falloff and bremsstrahlung contamination. 

Numerous analytical expressions to approxi

mate electron depth doses in ali four regions 

have been proposed to date. The quality of 

fitting generally improved with each new propo

sal but the curve fitting equations were beco

ming increasingly more complex as they de

pended on larger and larger numbers of fitting 

parameters. 

Analytical expressions developed in recent 

years for descriptions for electron beam depth 

doses provide an excellent fit to measured data. 

Improvements in this area can in the future 

only be achieved in developing simpler expres-

Parameter 

b X 108 C B D, 
(mm-4) (mm) 

595.82 13.65 0.65 70.6 
146.30 19.89 1.31 77.3 
42.505 25.96 2.14 83.4 
15.052 27.71 3.44 90.3 
6.1579 25.88 4.13 93.1 
2.2432 20.44 5.14 94.4 

1295.1 8.86 0.036 74.7 
406.77 12.5 0.54 77.3 
135.71 16.74 1.08 80.5 
78.031 20.54 1.47 81.8 
39.118 23.54 2.49 85.2 
16.287 24.52 3.12 90.4 
8.5102 27.14 3.31 92.0 
4.1550 23.33 3.68 94.0 
l.9890 15.79 4.06 94.8 

sions which rely on a smaller number of para

meters. We have recently developed a relatively 

simple expression based on only four parame

ters. We show in this paper that the expression 

represents, with a high degree of precision, 

measured electron beam depth doses for various 

beam energies from two commercial linear ac

celerators. The conclusion can be made that 

the expression may be applied to describe the 

electron beam depth doses generally for any 

linear accelerator, any field size, and any beam 

energy. 
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European Code Against Cancer 

Peter Boyle, 1 Maja Primic-Žakelj2

Division of Epidemiology and Biostatistics, European Institute of Oncology, Milan, ltaly 
2 Epidemiology Unit, Institute of Oncology, Slovenia 

Introduction 

Cancer is an important public health problem 

in European Community, as well as in Central 

and Eastern Europe. In the frame of the Eu

rope Against Cancer Programme in the Euro

pean Community, the European Code Against 

Cancer ten recommendations to reduce cancer 

incidence and mortality - has been developed. 

The European Cancer Week in October this 

year will be devoted to the propagation of the 

message of the revised Code. Herewith it is 

presented to the readers of this Journal. 

European Code Against Cancer 

Certain cancers may be avoided and general 

health improved if you adopt a healthier lifestyle. 

l. Do not smoke. Smokers, stop smoking as

quickly as possible and do not smoke in the 

presence of others. If you do not smoke, do 

not experiment with tobacco. 

2. If you drink alcohol, whether beer, wine

or spirits, moderate your consumption. 

3. Increase your daily intake of vegetables

and fresh fruits. Eat cereals with a high fibre 

content frequently. 

4. Avoid becoming overweight, increase phy

sical activity and limit intake of fatty foods. 

Corrpodence to: Maja Primic-Žakelj M.D., Ph.D., 
Epidemiology Unit, Institute of Oncology, Zaloška 2, 
61105 Ljubljana, Slovenia. Tel.: + 386 6113 22 316; fax: 
+386 61131 4180.

5. Avoid excessive exposure to the sun and

avoid sunburn, especially in childhood. 

6. Apply strictly regulations aimed at preven

ting any exposure to known cancer-causing sub

stances. Follow all health and safety instructions 

on substances which may cause cancer. 

More cancers may be cured if detected early. 

7. See a doctor if you notice a lump, a sore

which does not heal (including in the mouth), 

a mole which changes in shape, size or colo ur, 

or any abnormal bleeding. 

8. See a doctor if you have persistent pro

blems, such as a persistent cough, persistent 

hoarseness, a change in bowel or urinary habits 

or an unexplained weight loss. 

For women: 

9. Have a cervical smear regularly. Partici

pate in organised screening programmes for 

cervical cancer. 

10. Check your breasts regularly. Participate

in organised mammographic screening pro

grammes if you are over 50. 

Discussion 

The purpose of the European Code Against 

Cancer is to provide guidance for the general 

population whose adoption would serve to re-
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duce incidence and mortality from cancer as 

well as other diseases. While other items were 

considered by the experts who revised the code, 

these ten recommendations were ali scientific 

evidence could support at present (1, 2). Re

specting these recommendations should lead to 

a minimum of a 40 % reduction in cancer 

incidence and a greater proportionate reduction 

in mortality, as smoking-related cancer of the 

lung, oesophagus and pancreas have a notoriou

sly poor prognosis. In addition to these recom

mendations, it is important to continue to 

search for advances in the outcome of therapy 

resulting in survival gain or improvement in 

guality of life. Progress in cancer control will 

come from the continued combined efforts of 

the primary, secondary and tertiary prevention. 

However, it is evident that the greatest poten

tial for improvements lies in the general public: 

every individual is responsible for adoption of 

a healthier lifestyle. 
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Report from the ESO training course on tumor biology 

The European School of Oncology (ESO) in 
collaboration with Hacettepe University Insti
tute of Oncology, Ankara, Turkey, organised 
a Tumor Biology training course. The course 
was held in Side, Antalya, Turkey, from 17 to 
21 April 1995. Fifty-six physicians, biologists 
and chemists from five countries attended the 
course. The lecturers came from Turkey, Gree
ce, ltaly, Israel, United Kingdom and France. 

The program of the course was focused on 
the following specific areas of tumor biology: 
• Genome structure, cel! cycle and its control.

As an introduction to the course M. Ozgi.i9
held a lecture about the structure of DNA,
genome organization, DNA replication,
chromosome and chromatin structure, and
genes and their expression. The role of cyc
lins, cyclin dependent protein kinases (Cdk's)
and cyclin dependent inhibitory protein
(CKI) in the control of celi cycle, and their
involvement in the formation of cancer were
also presented. The cyclins and Cdk's act
like oncogenes, in other words, contribute
positively to the formation of cancer, whe
reas newly isolated CKI's act as tumor sup
pressors leading to cancer in the case of their
inactivation.

• Hybridisation techniques and PCR teclino

logy with special focus on the use of these
teclmiques in diagnosis and monitoring of
the efficacy of antitumor therapy. An ex
ample of monitoring the efficacy of the the
rapy is bone-marrow transplantation in leu
kemia. If the disease causing mutation is
known, a direct PCR assay aiming to detect
the mutation is employed to look for the
presence of malignant cells (T. Oz9elik).

• Mechanisms of carcinogenesis. Carcinogens ·
fall generally into three categories: chemical
carcinogens, radiation and oncogenic viruses.

Chemical carcinogens are extremely varied 
in composition and structure. Most of them 
act by binding to DNA directly or after 
metabolic activation step. Ultraviolet radia
tion and ionising radiation are a well-known 
cause of experimental and clinical cancer. 
They have different radiobiological effects; 
ultraviolet radiation produces pyrimidine di
mers on the same strand of DNA, while the 
effects of ionising radiation on cellular DNA 
are single and double strand breaks. The 
exact cellular mechanisms of vira! carcinoge
nesis are not known for every virus. Vira! 
products may interfere with cellular tumor 
suppressor mechanisms, may influence celi 
growth and apoptosis and may activate onco
genes, growth factors and their receptors (S. 
Ruacan, S.D. Kottaridis). 

• Oncogenes and tumor suppressor genes. First,
definition and classification of oncogenes and
tumor suppressor genes were presented by
two lecturers, W.E. Criss and M. Ozti.irk. In
addition, they presented severa! examples of
oncogenes and tumor suppressor genes invol
vement in cancer formation.

• Membrane alterations in tumor cells. The
lecture presented by K. Emerk was focused
on sfingomiyelin cycle, which is a sfingolipid
signalling pathway. Activation of the sfingo
myelin cycle in a responsive celi turns on one
or more of three anti-proliferative pathways:
inhibition of celi growth, induction of diffe
rentiation or apoptosis.

• Cel! death. The lecture given by L. Sachs
was focused on regulation of celi viability,
growth and differentiation. In his lecture he
also compared the control of programmed
celi death (apoptosis) in normal and leukemic
cells.

• Tumor antigens and tumor markers with an
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emphasis on the use of tumor markers in 
diagnosis, prediction of prognosis, determin
ation of risk and detection of early relapse. 
Also, a definition of sensitivity, specificity, 
prevalence and positive predictive value were 
given by E. Kansu, one of the course chair
persons. 

• Cancer immunotherapy. Different strategies
for cancer immunotherapy; monoclonal anti
bodies, bispecific monoclonal antibodies,
biological response modifiers, recombinant
cytokines, lymphokine-activated killer cells,
tumor infiltrating lymphocytes, tumor vacci
nes, and cytokine gene transfer into tumor
cells were presented by M. Papamicail.

• Cytogenetic abnormalities in hematological

malignancies and solid tumors. It is well
known that chromosomal aberrations in tu
mor cells are associated with specific types
of cancer. The lectures given by A. Turker
and Y. Ozisik dealt with the cytogenetic
analyses of tumors, which are very important
for the determination of diagnosis, classifica
tion, prognosis and management of tumor.

• Minimal residual disease. The lecture of A.
Biondi dealt with the problems associated
with the detection of the minimal residual
disease. These problems are due to the lim
itation of techniques used for identifying
minimal residual disease. He presented a
PCR approach for the evaluation of minimal
residual disease in acute leukemia.

• Biology of metastasis. In her lecture A. Ay
han described the events occurring during
metastasic dissemination. A special part of
her lecture was devoted to the molecular
genetics of metastasis, specifically to the role
of some oncogenes (ras, src, mas, Jus) in
enhancement of metastatic potential of tu
mor cells and the role of nm23 gene which
is a metastasis-specific suppressor gene.

• Tumor growth kinetics. The J.V. Watson's
lecture was divided into two parts: in the
first part the mathematical calculations of
tumor growth with respect to the rate con
stant for cell production and the rate constant
for cell loss were explained. The second part
of his very interesting lecture was devoted

to flow cytometry and its use for the deter
mination of cell cycle duration. 

• Mechanisms of anticancer drugs. The lecture
presented by A. Larsen dealt with the cyto
toxic action of anticancer drugs at a cellular
leve!. Factors involved in the cytotoxic action
were divided into the following sections:
pretarget events, interaction with target, and
post target events. The factors that play a
role in pretarget events, i.e. how much active
drug reaches the target, are membrane pro
teins (P-glycoprotein, MRP-protein), drug
metabolising enzymes located in the endopla
smic reticulum (cytochrom P-450 monooxy
genase) and cytoplasmic enzymes (glutat
hion-S-transferases). According to the mech
anism of action, anticancer drugs are divided
into antimetabolites, alkylating agents, topoi
somerase inhibitors, mitotic spindle inhibi
tors and hormones. After drug-target interac
tion, additional factors are involved in biolo
gical consequences of the induced lesions.
These include repair enzymes, macromolecu
lar synthesis and proteins involved in the
apoptotic pathway of cell death.

• Multidrug resistance(MDR) in cancer chemo

therapy. This topic presented by M. Tezer
Kutluk was devoted to four major types of
MDR: P-glycoprotein mediated drug resi
stance (classical MDR), atypical MDR (to
poisomerase II related drug resistance),
MDR protein (MRP) mediated resistance
and glutathione transferases mediated resi
stance.

• Biochemical modulation covers the efforts to
enhance the antitumor activity of a cytostatic
agent by a second drug with little or no
antiproliferative activity or little intrinsic to
xicity. The lecture of A. Kars' was focused
on 5-flouro uracil modulations with leucovo
rin, levamisole, P ALA, dipyridamole and
interferons.

• Gene therapy of cancer. W. E. Criss presen
ted a short overview of severa! approaches
to developing gene therapy including: (a)
use of single stranded complementary DNA
to form triple stranded oligonucleotide struc
tures; (b) DNA mutation region binding
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with complementary DNA or RNA; (c) 
tying-up the altered mRNA with anti mRNA 
messages; ( d) modification of nucleic acid 
structures so that they can enter cells easier 
without being degraded by plasma or intra
cellular nucleases; (e) replacement of DNA

regions (e.g. exons) where they are missing; 
(f) 'replacement of entire genomes with stabi
lised DNA or mRNA; (g) stimulation of
H-RNAase.

At the beginning of the course all participants 
received the book of lectures presented. The 
lectures were very well prepared, and covered 
the latest knowledge in each particular area. 
Every section of the course ended with a quiz 
and discussion. At the end of this very fruitful 
course the participants were asked to complete 
a course evaluation form in order to give the 
organisers some feedback information about 
the success of this course. 

Maja Čemažar 
Department of Tumor Biology 
Institute of Oncology 
Zaloška 2 
61000 Ljubljana 
Slovenia 
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Notices 

Notices submitted for publication should contain a mailing address, phone and/or fax 
number of a contact person or department. 

Gynaecology 

The course "8th Annual Techniques in Gynecologic 
Surgery" will be offered in Scottsdale, Ariz., USA, 
November 2-4, 1995. 

Contact Trish Geann MCS, 13400 E. Shea Blvd, 
Scottsdale, AZ 82529, USA; or call + l 602 301 7447. 

Inforrnation systerns 

The seminar "lnformation Systems for Managed Care 
and Integrated Delivery Networks" will be held in 
Boston, USA, November 6-9, 1995. 

Contact HSPH, Office of Cont. Educ., 677 Hunting
ton Ave., LL-23, Dept. B, Boston, MA 02115-6023, 
USA; or call + l 617 432 1171. 

Gynaecology 

The symposium "Pregnancy, Sex and the Liver" will 
be offered in Santiago, Chile, November 10-11, 1995. 

Contact FF e.V., P.O. Box 6529, D-79041 Freiburg/ 
Br., Germany; or call + 49 761 130 3425. 

Radiological accidents 

The confcrence "Health Consequences of Chernobyl 
and Other Radiological Accidents" will be offcred in 
Geneva, Switzerland, November 20-23, 1995. 

Contact Office of Globa! and Integrated Environ
mental Health, WHO, 1211 Geneva 27, Switzerland; 
or call + 41 22 791 3756. 

Data rnanagernent in cancer clinical trials 

The course will take place in Leuven, Belgium, No
vember 27-December I, 1995. 

Contact European School of Oncology, Via Ripa
monti 66, 20141 Milan, Italy; or call + 39 2 5730 5416; 
Fax: + 39 2 5730 7143. 

Head and neck turnours 

The advanced course on hcad and neek tumours, Part 
I: Thyroid cancer, will be offered in Milan, Italy, 
November 29-December 2, 1995. 

Contact European School of Oncology, Via Ripa
monti 66, 20141 Milan, Italy; or call + 39 2 5730 5416; 
Fax: + 39 2 5730 7143; or contact ESO Vienna, c/o 
Arztekammer fUr Wien, Fortbildungsreferat, Weih
burggasse 10-12, 1010 Vienna; or call + 43 l 
51501293; Fax: + 43 l 51501240. 

Haernatology 

The meeting of American Society of Haematology will 
take place in Seattle, USA, December 1-15, 1995. 

Contact American Society of Haematology, 1101 
Connecticut Ave NW, 7th Floor, Washington DC, 
USA, Fax: + 1 202 857 1164. 

Gastroenterology 

The "6th Joint Meeting of Surgeons and Gastroente
rologists", entitled "International Gastro-Surgical 
Club 1995" will be offered in Bangkok, Thailand, 
December 3-6, 1995. 

Contact Secretary General, Organising Committee, 
Dept. of Surgery, Pramongkutklao Hosp., Rajavithi 
RD., Bangkok 10400, Thailand; or call + 66 2 246 
1400 28. 

Inforrnation systerns 

The seminar "Healthcare Information Systems Mana
gement" will be held in Boston, USA, December 4-7, 
1995. 

Contact HSPH, Office of Con t. Educ., 677 Hunting
ton Ave., LL-23, Dept. B, Boston, MA 02115-6023, 
USA; or call + 1 617 432 1171. 
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Brachytherapy 

The "Annual Mid-Wintcr Mecting" will bc hcld in 
Scottsdale, Ariz., USA, December 10-13, 1995. 

Contact ABS, 1101 Market St., Suite 1400, Philadel
phia, PA 19107, USA; or call + 1 215 574 3158. 

Clinical Services 

The "Program for Chiefs of Clinical Scrvices" will be 
held in Boston, USA. January 14-26, 1996. 

Contact HSPH, Office of Cont. Educ., 677 Hunting
ton Avc., LL-23, Dept. B, Boston, MA 02115-6023, 
USA; or call + 1 617 432 1171. 

As a service to our readers, notices of meetings or 
courses will be inserted free of charge. 
Please sent information to the Editorial office, Radio
logy and Oncology, Vrazov trg 4, 61105 Ljubljana, 
Slovenia. 



KLINIČNI SEMINAR 

STRATEGIES ON MECHANICAL VENTILATION IN 

NEWBORNS AND INFANTS 

Vsebina: predavanja in praktično delo z respiratorji in modeli pljuč, 
patofiziološke osnove diagnostike, 

algoritmi uporabe mehanske ventilacije pri novorojencih in majhnih otrocih 

ORGANIZACIJA: 
Bogdany K., Budimpešta, Madžarska, in Simbruner G., Miinchen, Nemčija 

Predavatelji: 
Simbruner G., Ludwig-Marximilians Univ., Miinchen, Nemčija 

Frantz I., Tufts University, Boston, ZDA 
Greenough A., University of London, Anglija 

Schulze A., Technical University, Dresden, Nemčija 

Ciljna skupina: neonatologi, anesteziologi in drugi zdravniki, ki želijo poglobiti 
znanje v intenzivni medicini otrok 

Število udeležencev omejeno: 30 

Datum: Marec 25.-28., 1996, pričetek ob 9.00 

Mesto tečaja: Budapest, Leisure & Youth Center in Csilleberg, Konkoly-Thege 
M. Srt. 21, Hungary

Kotizacija: 300 USA $ 

Certifikati: Diploma IPOKRaTES za seminar: Strategies on Mechanical 
Ventilation in Newborn and Infants 

Informacije/Prijava/Registracija: 
IPOKRaTES, Scientific Academy of Lower Austria, 
Dr. Karel Dorrek Str. 35, A-3500 Krems/D, Austria 

Tel. + 43 (O) 2732 70545-302, Fax: + 43 (O) 2732 70545-305 
Registracija velja samo ob plačilu kotizacije na IPOKRaTES bank account pri: 

BANK AUSTRIA 20151, Acount. Nr. 466 007 515 



FONDACIJA 
DR. J. CHOLEWA 

FONDACIJA "DOCENT DR. J. CHOLEWA" 

JE NEPROFITNO, NEINSTITUCIONALNO IN NESTRANKARSKO 

ZDRUŽENJE POSAMEZNIKOV, USTANOV IN ORGANIZACIJ, KI ŽELIJO 

MATERIALNO SPODBUJATI IN POGLABLJATI RAZISKOVALNO 

DEJAVNOST V ONKOLOGIJI. 

MESESNELOVA 9 

61000 LJUBLJANA 

TEL 061 1 5 91 277 

FAKS061 21 81 13 

ŽR: 50100-620-133-05-10331 15-214779 



NAMENI IN CIWI 
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Nameniondacije "Docent dr,j c/16t'eip/i'1 > 

·•··.···;� ;;::::::::u
0

::;:;:::�:r:!'.tit�t��w!i\) .... 
· je zahtevno, zapleteno in natarz.čnq inte]ekt1J,ČJJiio .. ;? ..

.. . .... ··.•••. delo, ki poleg radc/ve�nostt, lndi/atiJi)bsti/ tiifI,Jnoštf, •
··.· ·· znanja in izkuše1iosti r�Zifkovaic'ažaht;vaiilčt/ 

;;/1Ii�i:W:�t:!�!1e1I!l!lltl/lil!;:: .. ··· ... ···•. rakastih bolezni tudi Sloveriija'enakopr.edna drugfnipo
·svetu. Raziskovalni rezultati slovenskih znari!)tvenikov prav<·· ······· : •.::.:: .. • .... ·: .. • biomedicine niso zanemarljivitudi zunaj meja 

vendar zaradi pomanjkanjafi:nqnčnih sr�dst;J 
niso pravi odraz raziskova!tJ:lf?.�ospp1J0§fL i •···.··· .... . • 

rakastih obolenj v Slovenijf1iar:i;l:šča}z Nda v�eto ....... ···.··•·
···· . . Da bi bili pri zdravljenju bolnikov{e bo!jf;}5Jiik9iJiti,/·•· . 

se.mora}o.nai{idravniki.neprestano izobraževaiii 
.... in vkljt1,čevativ. ra:ds'fa1:i. ki pomagajo odkrivati 

··.
·.·•.·.•.·

.· . nezriarzk
f! 

bo!e�f.irfnove načine zdravljf!nja. 
Žqotf{etr;(195?4oJ;,nski zdravniki aktivno 

z mnog{m{ii§/aijovami po svetu, ki.zdravijoiiifdziskujejo 
····· rakaste bolezni. Leta 1991 se je Slovenija pridružila

evropskemu programu boja proti raku; njegov
do!f!tq 2.000 zman/i�l[u�rdivosi ;a rakom 

15 odstqtkoil .. femu cilju;�:tifrz.9gočepribližati samo 
.z nepre$tfiitm žioln;.aževanje/r(zn raziskovalnim delom, 

kajti]e faziskdiJaiije prinaša nova vedenja in vodi k 
poljšemu razumevanju rakastih bolezni ter pomaga 
··prt preprečevqrtju, zgodnjem ugotavljanju bolezni
.·.·•····.•·.·•···· . .•. · · in ittfokovitem zdravljenju, .... $J;gndqcijo "Doc?nt dr.]. Cholewa11�e/i1116.'.f;ato 

po�gdf(šp�šopriim raziskovalcem doPci.l�li;tl,ti znanje 
.• <in uqejanjatilastne ideje ter.stenJ]Yqspelevati njihova

.·· p'r-izciitevJ1:ja pri premagovanjhtJ�iii/6olezni. Da bomo 
.. ········ ·.· iah�;{zkq?jti(i naš zrtf iišhle116-;�;Jkovalni potencial in

obogcl.(ilizd,/4adn:(c§in��ja o rakastih boleznih, vas 
pozivamo, dČiŠŠvojimi prispevki omogočite Fondaciji 

uresničevanje njenega poslanstva. 

Akademik 
prof dr. Vinko Kambič 



SIEMENS 

Vaš partner v ultrazvočni diagnostiki: 

SIEMENS * SONOLINE SL-1 

* Možnost priključka sektorskega, linearnega, endo-p
in endo-v aplikatorja

* Izredno ugodna cena (možnost kredita ali leasing-a)
* Servis v Sloveniji z zagotovljenimi rezervnimi deli

in garancijo
* Izobraževanje za uporabnike

SIEMENS D.O.O. 
Dunajska 47, Ljubljana 
Tel. 324-670 
Fax. 132-4281 



N 
je koncern z dolgoletno zgodovino. Ustanovljen 
je bil leta 1886 v Baslu kot kemijska tovarna, 
ki je izdelovala sintetične barve. Leta 1917 je bil 
ustanovljen farmacevtski oddelek in že leto za tem 
(1918), so v raziskovalnih laboratorijih izolirali 
iz rženih rožičkov alkaloid ergotamin, nato pa še 
kardiotonične glikozide, kar je bil revolucionaren 
napredek v zdravljenju žilnih bolezni. V teh 
pionirskih•časih so uspeli tudi poskusi zamenjave 
do tedaj uporabljanih soli kalcija z lažje 
prenosljivimi in Ca - Sandoz je postal pojem 
za nekaj nadaljnih let. 

Na slovenskem tržišču je Sandoz Pharma prisotna 
od leta 1952. Sodeluje s slovensko farmacevtsko 
industrijo in tovarno zdravil Krka, ki proizvaja 
7 zdravil po licenčni pogodbi s Sandozom. Tudi za 
zdravila, ki se uvažajo, so narejene klinične študije 
v Sloveniji, ki potrjujejo in zagotavljajo kakovost. 

A 
vaš partner pri zdlravlieniu 
Informacije in literatura so na volio pri SANDOZ PHARMA ltd. 
Basel, Predstavništvo za Slovenijo, Dunajska l 07, 61113 
Ljubljana, tel. 061/168 14 22, faks 061/34 00 96. 

V Sloveniji so na voljo registrirana zdravila: 

Lamisil ®iterbinafin) 
• nov pristop k zdravljenju glivičnih infekcij kaže, nohtov 

in lasišča 
• prvi fungicidni antimikotik za oralno in lokalno uporabo 

Leponex ® iklazapin) 
• antipsihotik za bolnike s shizofrenijo; ki se ne odzivajo 

na klasične nevroleptike 

Lescol ® (fluvastatin) 
• sintetični inhibitor reduktaze HMG·CoA 
• učinkovito in varno zniža holesterol v krvi tudi pri rizičnih 

skupinah bolnikov 

Leucomax ® (molgramostim) 
• rekombinantni humani dejavnik, ki pospešuje nastanek kolonij 

granulocitov in makrofagov 
• normalizira število belih krvničk in makrofagov pri bolnikih 

z zmanišono imunsko odpornostio 

Melleril® (tioridazin) 
• anksiolitik v nizkih dozah, nevraleptik v visokih dozah 
• ne povzroča ekstrapiramidnih sopojov.ov 

Miacalcic® (kalcitonin) 
• hormon, ki regulira metabolizem kosti in mineralov 
• za zdrovljenie pomenopavzalne in senilne osteoporoze, 

Pagetove bolezni, Sudeckove distrofije 

llllavoban ® itrapisetron) 
• antagonist receptorjev 5·HT 3 
• visokoselektivni antiemetik pri emetogeni kemoterapiji, 

radioterapiji in pooperativnem bruhanju 

Sandimmun Neoral ® (ciklosporin) 
• imunosupresiv, ki preprečuje zavrnitveno reakcijo 

pri tronsplantacijah, 
• učinkovit pri avtoimunih boleznih in boleznih, kjer je udeleženo 

avtoimuno komponenta, kot so psoriazo, revmatoidni artritis, 
atopični dermatitis in endogeni uveitis 

Sandostatin ® ioktreotid) 
• sintetični oktapeptidni derivat somatostatina 
• pomemben v gastroenterologiii, endokrinologiji in intenzivni 

medicini 

Sirdalud ® ltizanidin) 
• mišični relaksant s centralnim delovaniem 
• za zdravljenje bolečine v križu, mišičnih spazmov 

in spastičnosti 

Syntoč:inon ® ioksitocin) 
• sintetični oksitocin za spodbujanje materničnih kontrakcij 
• Syntocinon · nosni spray za spodbujonie izločanja mleka 

Tavegyl ® (klemastin) 
• introvenski antihistaminik prvega izbora 
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Instructions to authors 

Thc journal Radiology and Oncology publishcs ori
ginal scicntific papcrs, profcssional papcrs, rcvicw ar
ticlcs, casc rcports and varia (rcviews, short communi
cations, professional information, ccL) pcrtincnt to 
diagnostic and intcrvcntional radiology, computcrised 
tomograpny, magnctic resonance, nuclcar medicine, 
radiothcrapy, clinical and experimcntal oncology, ra
diobiology, radiophysics and radiation protcction, 

Submission of manuscript to Editorial Board implies 
that the papcr has not becn publishcd ur submittcd 
for publication elsewhere: the authors are responsiblc 
for ali statements in thcir papcrs, Accepted articlcs 
becomc thc propcrty of thc journal and thcrcforc 
cannot bc publishcd clsewhcrc without written permis
sion from the Editorial Board. 

Manuscripts written in English should bc sent to the 
Editorial Office: Radiology and Oncology. Institute of 
Oncology, Vrazov trg 4, 6l000 Ljubljana, Slovcnia; 
Phonc: +386611320 068, Fax: +386611314180. 

Radiology and Oncology wili considcr manuscripts 
prcparcd according to thc Vancouver Agreemcnt (N 
Engl J Med 1991; 324: 4 24 -8.; BMJ 1991; 30 2: 6772.). 

Ali articlcs are subjectcd to cditorial rcvicw and 
rcvicw by two indcpcndcnt rcferees sclccted by thc 
Editorial Board. Manuscripts which do not comply 
with thc tcchnical rcquircments stated herc wili be 
returncd to thc authors for corrcction bcforc thc 
rcvicw of thc rcfcrces. Rcjectcd manuscripts are gcnc
rally rcturned to authors, howevcr. the journal cannot 
bc hcld rcsponsiblc for thcir loss. Thc Editorial Board 
rcscrvcs thc right to rcquirc from thc authors to _make 
appropriatc changcs in thc contcnt as wcll as gramma
tical and stylistic corrections whcn neccssar.y. The 
expcnscs of additional cditorial work and rcquests for 
rcprints wili hc chargcd to thc authors. 

General instructions: Typc thc manuscript doublc spa
ccd on one sidc with a 4 cm margin at thc top and lcft 
hand sidc of thc shecL Writc thc papcr in grammati
cally and stylisticaliy corrcct languagc. Avoid abbrcvia
tions unlcss prcviously cxplaincd. Thc tcchnical data 
should eonfirm to the SI systcm. The manuscript. 
including thc rcfcrcnces may not excccd 15 typewrittcn 
pages, ancl the numbcr of figurcs and tables is limited 
to 4. lf appropriate. organisc thc tcxt so that it 
includes: 1 ntroduction, Material and methods, Results 
and Discussion. Exceptionally. thc rcsults and discus
sion can bc combincd in a singlc scction. Start each 
scction on a ncw pagc and numbcr these consccutivcly 
with Arabic numcrals. Authors are cncouraged to 
submit thcir contributions besidcs thrcc typewritten 
copics also on diskcttes ( 5  1/4") in standard ASCII 
format, 

First page: 
name and family name of ali authors. 

- a bricf and spccific titk avoiding abhrcviations 
and colloquialisms. 

- complctc addrcss of institution for cach author.
- in the abstract of not more than 200 words eover 

the main factual points of the articlc. and illustratc 
them with thc most rclcvant data. so that thc rcadcr 
may quickly obtain a general view of the material. 

lnlroduction is a bricf and concisc section stating the 
purposc of thc articlc in n:lation to othcr alrcady 
published papers on the same subjects. Do not pn:scnt 
extcnsivc rcvicws of the literature. 

Material and methods should providc cnough informa
tion to cnable experiments to he rcpeatcd. 

Writc the Resulls clcarly and conciscly and avoid 
rcpeating the data in thc tablcs and figun:s. 

Discussion should cxplain thc results. and not simply 
rcpcat thcm. interpret thcir significance and draw 
conclusions. 

Graphic material (ligures and tables). Each itcm should 
bc sent in triplicatc. one of thcrn markcd original for 
puhlication. Only high-contrast glossy prints will bc 
acceptcd. Line drawings. graphs and charts should be 
done profcssionaliy in lndian ink. Ali lcttcring rnust 
hc legible aflcr rcduction to Clllumn size. In photo
graphs mask thc idcntitics of patients. Labe! thc figures 
in pcncil on thc back indicating author's name. the 
first few words of thc title and figure numhcr: indicate 
thc top with and arrow. Write legend to figures and 
iliustrations on a scparate shcet of papcr. Omit verlical 
lincs in tablcs and writc thc ncxt to tablcs ovcrhcad. 
Lahcl thc tahlcs on their reversc sidc. 

References should bc tapcd in accordance with Van
couver stylc. doublc spaced on a scparatc sheet or' 
papcr. Number the rcfcrcnccs in thc ordcr in wh1ch 
thcy appcar in the tcxt and quotc thcir corresp,>nding 
numhcrs in thc tcxt. Foliowing are some cxamplcs of 
rcfercnces from articlcs. books and book chaptcrs: 

1. Dent RG. Cole P. /11 1·irro maturation of monocy
tes in squarnous carcinoma of the lung. Br J Cancer 
1981; 43: 486-95. 

2. Chapman S. Nakielny R. A guide ro radiological 
proceduffs. London: Baillicre Tindali. 1986. 

:l. Evans R. Alexander P. Mechanisms of extracdlu
lar killing of nuclcatcd mammalian cells by macropha
gcs. In: Nelson DS ed. /111111u11ohiology of macrop!tagc. 
New York: Acadcmic Prcss. 1976: 45 -7-1. 

For reprinr inft1mwrio11 in Norrh America Conracr: 
/11/1'm11rio11al reprilll Corporarion 96S Admiral Callag
lwn l .1111c, # :!6S l'. O. Box I :!004, Vallejo. CA 94590, 
'fi-1 .· 0!7/ 553 9]30, 1-iix: (707) 55:! 95:!4. 
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Kodak systems provide dependable 
performance for advanced diagnostic 
imaging. Dur qua/ity components 
are made to work together from 
exposure to viewbox. 

Kodak X-Omat processors are the most 
respected in the field. Kodak X -Omatic 
cassettes are known the world over for 
unexcelled screen-film contact and dura
bility. Kodak multiloaders have earned 
an enviable reputation for reliability. The 
Kodak Ektascan laser printer is changing 
the look of digital imaging. The list goes 
on. There are quality Kodak products 
throughout the imaging chain. 

Equally important, they are made 
to work together to achieve remarkable 
performance and diagnostic quality. 
Contact your Kodak representative 
for more information. 
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Nepotrebno je, 
da bolezen spremlja bolečina 

tramadol 

Moč opioidnega analgetika 
brez opioidnih stranskih učinkov 

centralno delujoči analgetik za lajšanje zmernih in hudih bolečin 

učinkovit ob sorazmerno malo stranskih učinkih 

Indikacije: Srednje močne do močne akutne ali kronične bolečine. Po tristopenjshi shemi Svetoclle 
zdmeswen<: m�qa11izac(f<: za lctj/icmjc' bolec"iu f>ri bolnil,ih z 1Y1kcwi111 obole11je111 lmmadol odpml'(ia 
sred1,ie hudo boledno ali bolečino dmgc• stopt(i<', Kontraindikacije: Zdravila ne smemo dajati otrokom, 
mlajšim od 1 leta. Tramadola ne smemo uporabljati pri akutni zastrupitvi z alkoholom, uspavali, analgetiki in 
drugimi zdravili, ki delujejo na osrednje živčevje. Med nosečnosljo predpišemo tramadol le pri nujni indikaciji. Pri 
zdravljenju med dojenjem moramo upoštevati, da O, l q{) zdravila prehaja v materino mleko. Pri bolnikih z zvečano 
občutljivostjo za opiate moramo trarnadol uporabljati zelo previdno. Bolnike s krči centralnega izvora moramo 
med zdravljenjem skrbno nadmrovati. Interakcije: Tramadola ne smerno ur,orabljati skupaj z inhibitorji MAO. 
Pri sočasni uporabi zdravil, ki delujejo na osrednje živčevje, je možno sinergistično delovanje v obliki povečane 
sedacije, pa tudi ugodnejšega analgetičncga delovanja. Opozo1·ila: Pri predoziranju lahko pride do der,rcsije 
dihanja. Previdnost je potrebna pri bolnikih, ki so preobčutljivi za opiate, pri starejših osebah, pri mikseclemu in 
hipotiroidizrnu. Pri okvari jeter in ledvic je potrebno odmerek zmanjšati. Bolniki med zdravljenjem ne smejo 
upravljati strojev in motornih vozil. Doziranje in način uporabe: Odrash ill otroci, starej§i od 14 let: Injekcije: 
50 do 100 mg Lv,,i.m.,s.c.; intravensko injiciramo počasi ali infundiramo razredčeno v infuzijski raztopini. 
Kapsule: l kar,sula z malo tekočine. Kapljice: 20 kapljic z malo tekočine ali na kocki sladkorja: če ni 
zadovoljivega učinka, dozo ponovimo čez 30 do 60 minut Svečke: 1 svečka; če ni učinka, dozo ponovimo po 
3 do 5 urah. Otroci od 1 do 14 let: l do 2 mg na kg telesne mase. Dnevna doza pri vseh oblikah ne bi smela biti 
višja od 400 mg. Stranski učinki: Znojenje, vrtoglavica, slabost, bruhanje, suha usta in utrujenost. Redko lahko 
pride do palpitacij, ortostatske hipotenzije ali kardiovaskularnega kolapsa. Izjemoma se lahko r,ojavijo konvulzije. 
Oprema:� ampul pol ml (�O mg/mil, 5 ampul po 2 ml (100 mg/2 ml), 10 ml raztopine (100 mg/1111), 20 kapsul ro 
50 mg, 5 svečk po l 00 mg. 

PodrobJ1ejle iJ�/brmacUe so 1lC1 l'o(jo /Jri proizucy·alcu. 
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