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GENERAL INTRODUCTION

The diagnostic value of angiography in the pretherapeutic diagnosis of urinary 
bladder tumours has been the subject of preceding investigations (Nilsson 1967, 
Lang 1968, 1969). The reliability of the method with respect to the diagnosis 
of recurrent tumours after radiation therapy has been questioned, and the 
differential diagnosis of chronic cystitis and radiation cystitis, on the one hand, 
and diffusely infiltrative tumours, on the other, has not been considered to be 
conclusive (Anacker & Heun 1969, Bachmann & Taenzer 1969, Vogler

1969). It has been asserted (Lang 1969) that the vascular changes in the 
urinary bladder after irradiation are characteristic, but no informations of such 
changes in the normal bladder wall are available.

In order to analyse the possibility of differentiating recurrent tumours, ab
normalities after irradiation and inflammatory conditions, a correlation between 
experimental microangiography and angiography of irradiated and inflamed 
rabbit bladders has been performed. Experiments on vascular changes following 
irradiation have been made before in other organs, but since the course of the 
vascular reaction may be organ dependent, an investigation of the specific 
vascular changes in the urinary bladder has been considered useful. Further, 
we have had the opportunity to follow the vascular changes post irradiation in 
a material consisting of patients treated in a standardized manner, since the 
irradiation was administered in a uniform fashion with relatively homogeneous 
radiation doses throughout the urinary bladder and the patients underwent 
angiographic examinations both before and after radiation therapy.

Thus the aim of this investigation was :
a) to determine whether microangiography and ordinary angiography may 

be used as an aid to differentiate in experimental material between radiation and 
bacterial inflammatory conditions in the urinary bladder,

b) to analyse the angiographic findings in a clinical material before and after 
radiation therapy in tumours of the urinary bladder and

c) to determine the value of angiography for early diagnosis of recurrent 
tumours in the urinary bladder following radiation therapy.





Part 1

Animal experiments

O. Hassler and S.-O. Hietala

Histologic, microangiographic and angiographic investigation of 
vascular changes in the urinary bladder of the rabbit 

after irradiation or bacterial infection





PREVIOUS INVESTIGATIONS

Microscopic and clinical examinations
The macroscopic and microscopic changes in radiation cystitis have been 

described in detail previously (Dean & Slaughter 1941, Watson et coll. 1947, 
Gowing 1960, Goldstein et coll. 1968). For a thorough review of the literature 
and a description of the radiation induced changes in the urinary bladder, the 
reader is referred to Rubin & Casarett (1968), but the later discussion calls 
for a brief summary.

The radiation induced changes in the urinary bladder have been divided into 
3 clinical and corresponding microscopic stages, viz acute, subacute and chronic. 
In the acute stage, 4 weeks to 6 months after irradiation, the microscopic picture 
was that of an inflammation with hyperaemia, oedema, lymphocytic infiltration 
and degeneration of the epithelium. Vascular alterations such as proliferation 
of the endothelium, thickening of the bladder wall and teleangiectases were 
already demonstrable in the latter phase of this stage. Such changes were more 
usual, however, in the subacute stage, 6 months to 2 years after irradiation, 
when, in addition, atrophic epithelium and ulcerations, alternating with pro
gressive fibrosis, could be observed. The latter condition appeared clinically in 
the chronic stage in the form of shrinkage of the urinary bladder. In this stage 
histologically advanced vascular abnormalities, epithelial atypisms and atrophic 
ulcerations were also demonstrated.

The significance of infections for the appearance of radiation induced changes 
in the urinary bladder was stressed by Hueper et coll. (1942) in experiments 
on dogs. In connection with irradiation (1 200 rad) they introduced a bacterial 
culture into the bladder. It was not possible to distinguish between changes 
caused by bacterial infection and those induced by irradiation.

Microscopic examinations of radiation induced changes in the rabbit bladder 
have been performed by Hienzsch et coll. (1970). They had tied off the 
bladder vessels unilaterally or bilaterally, however, before irradiation.

Microangiography and angiography
Microradiography was introduced by Goby (1913). The method was devel

oped later by different authors (Bohatyrtschuk 1944, Barclay 1947). Bell
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man (1953) was able to extend the use of the method to physiologic investiga
tions and introduced the term microangiography. The microangiographic method 
is superior to other methods for studies of normal as well as pathologic vascular 
anatomy at the light-microscopic level (Lagergren & Ljungqvist 1962, Ljung- 
qvist 1963).

Vascular abnormalities following irradiation have been investigated micro- 
angiographically both in animals and in humans by several authors, one of the 
early teams being Carlson et coll. (1960). Rubin et coll. (1964) considered 
microangiography ideal but stressed the prevalence of various artifacts resulting 
from imperfections in the technique. Hassler & Movin observed in micro
angiographic examinations of the brain of the rabbit and rat teleangiectatic 
vessels 4 to 6 months after irradiation (Hassler & Movin 1966, Hassler 
1966). Microangiography of irradiated kidneys has been made by several (Ljung- 
qvist 1962, Scanlon 1970, Ljungqvist et coll. 1971 ). In late stages of radiation 
nephritis they detected a high degree of tortuosity of intrarenal arteries and 
arterioles and also destruction of the glomeruli. No microangiography of the 
irradiated urinary bladder seems to have been made but Aumüller (1971) 
has recently performed microradiography of the normal human urinary bladder 
using material injected with India ink.

A large number of animal angiographies have been made in the past. Con
sequently, the technique has undergone gradual development, both for selective 
and nonselective examination of different vascular regions (Lindell & Olin 
1957, Adams et coll. 1965, Ekelund & Olin 1970). Göthlin & Carter 
(1969) examined the arterial anatomy of the rabbit pelvis both by dissection 
and by angiography. According to these authors the blood supply of the urinary 
bladder is derived from the urogenital artery, which arises on both sides either 
from the common iliac artery at the point where it divides or from the internal 
iliac artery. They also carried out selective examinations of the urogenital artery 
with catheters. Ekelund et coll. (1972) have recently reported the results of 
nonselective angiography of the bladder in rats with experimentally induced 
tumours.

Comments
It can be seen from this survey of the literature that the vascular abnormalities 

induced by radiation are rather well known but that knowledge of the micro
angiographic or angiographic appearance of the vessels following irradiation of 
previously normal bladder wall is lacking.



PRESENT INVESTIGATION

Material
The experimental material comprised 83 adult Swedish land rabbits (similar 

to New Zealand White) of both sexes. They were kept in individual cages 
and had free access to rabbit pellets, drinking water and hay.

The normal microscopic structure of the urinary bladder was examined in 10 
randomly selected animals; in 8 of these cases also microangiography and in 6 
cases angiography was performed. The degree of distension of the bladder was 
varied over a wide range with pressures from 0 mm Hg to 7 mm Hg. Tho 
pressure was recorded with a mercury manometer by means of a catheter 
inserted into the bladder and with the system filled with saline. Microscopic and 
bactériologie examinations were performed to determine whether or not infec
tions were present.

The urinary bladder was irradiated in 53 of the remaining 73 rabbits and 
infected in 20.

Methods
Irradiation

The bladders were irradiated either immediately or within a period of 2 
weeks after angiography. The animals were irradiated under anaesthesia, which 
was administered by intravenous injection of Nembutal (mebumal, Abbot). 
The skin was shaved clean and the position of the urinary bladder was indicated 
on the skin with the aid of an image intensifier and a TV monitor. The position 
and especially the size of the urinary bladders of the rabbits varied considerably. 
The greatest precision in focusing on the field of treatment was obtained when 
about 40 ml of air were injected into the bladder. Since the air gap was so 
small as to be of no significance from the point of view of build-up, the treat
ment was given with this amount of air in the bladder (Schrimger 1972). The 
bladders were irradiated with 60Co gamma radiation through 2 opposite lateral 
fields measuring 7 cm X 9 cm and with a source-to-skin distance of 60 cm 
(Fig. 1). The radiation fields were restricted with 6.5 cm thick lead plates.
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Fig. 1. No. 8). Isodose distribution for 
irradiation of the urinary bladder of the 
rabbit with 60Co y-radiation (1 600 rad) 
from 2 opposite lateral fields measuring 
7 cm X 9 cm and with a source-to-skin 
distance of 60 cm.

ANTERIOR

7cm X 9 cm—

POSTERIOR

7cm X 9cm 
right

5cm

The entire urinary bladder was included in the field of treatment. The absorbed 
dose, given in single-dose treatment, was 1 600 rad in 29 animals, 2 000 rad in 
12 animals and 2 400 rad in 12 animals.

This form of treatment is considerably different from the clinical routine, in 
which tumours are treated with a dose of about 6 500 rad given over a period 
of about 6 weeks and usually divided into 30 to 35 fractions. However, according 
to clinical and experimental radiobiologic investigations (Fowler et coll. 1965, 
Ellis 1969) a single dose of 1 600 to 2 000 rad may be expected to produce 
tissue changes broadly equivalent to those induced by 6 500 rad fractionated 
over a period of 6 weeks.

Infection

The principle of the method used for inducing an infectious cystitis involved 
the introduction of a foreign body and a bacterial culture into the bladder 
(Hess 1913). A preliminary experiment showed that 3 out of 5 infected rabbits 
had bacteriuria and microscopically demonstrated vesical inflammations 2 weeks 
after infection. Since earlier experiments (Cox & Hinman 1961, Mulholland 
et coll. 1969) have shown that the urinary bladder of the rabbit is quite resistant 
to bacterial infection, these results were considered satisfactory and, consequently, 
the method described below was used.

Anaesthesia was administered as previously described, and a polyethylene 
catheter with an outside diameter of 2.2 mm and an inside diameter of 1.7 mm
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(Nelaton No. 8, Portex) was introduced into the bladder. Urine specimens 
were collected for culture and the bladder was emptied completely. An approxi
mately 10 cm long portion of the catheter was then cut off and inserted into 
the bladder with the aid of a second catheter. This was followed by the injection 
of 10 ml of a bacterial culture consisting of Escherichia coli (Cox & Hinman 
1961) cultured in ordinary nutrient broth for 18 hours. The culture contained 
a thousand million bacteria per ml.

Microscopy and bacteriology

At least 2 regions of the bladder with representative microangiographic ap
pearances were examined microscopically (Hassler 1964) in all cases. Each 
region had a surface area of about 2 cm2. The preparations were oriented to 
obtain transverse sections. Serial sections, about 6 ja thick, were cut from the 
bladder tissue which had been fixed in formalin and embedded in paraffin. 
The specimens were stained with haematoxylin and eosin or by van Gieson’s 
method combined with Gomori’s elastin stain.

Dr. T. Elmros at the Department of Clinical Bacteriology was kind enough 
to perform the bactériologie examinations. The urine specimens were seeded on 
Endo agar substrate and blood agar plates and read after incubation for 12 to 
14 hours at 37° C.

Microangiography

Microangiography was performed on the anaesthetized animal immediately 
after the last angiographic examination, the animal being killed during the 
procedure by an overdose of the anaesthetic. Microangiography was performed 
using the technique indicated earlier (Hassler 1964). The inferior vena cava 
was opened through a median incision in the upper portion of the abdomen. 
The degree of distension of the urinary bladder was checked to ascertain that 
the pressure was within the previously mentioned limits, i.e. 0—7 mm Hg. A 
catheter was introduced into the abdominal aorta and a 7 per cent aqueous 
suspension of Micropaque (barium sulphate, Damacy) was injected under a 
pressure of 100 mm Hg for 3 hours. The bladder was fixed in formalin, divided 
into 2 halves, pinned to a cork sheet and embedded in paraffin. The roentgen 
examination was made with a Philips Fine-Focus tube (focus 0.4 mm X 0.4 
mm). A film with very fine grains (High Resolution Plates, Kodak, or Scientia 
10 E 56, Agfa-Gevaert) was exposed using 30 kV and 25 mA. The focus-film 
distance was 120 cm. Each specimen was subjected to 2 exposures, the angle

2—733211. Acta Radiol. Suppl. 328
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of incidence of the beam being altered by 6 degrees between the exposures in 
order to make possible a stereoscopic assessment. The angiograms were first 
examined under a monocular microscope and then the paired stereo images of 
representative specimens under a micro-stereoscope, which had been made by 
combining 2 monocular microscopes (Bellman 1953).

Angiography

The angiographic examinations were made with injections of contrast medium 
into the aorta. Anaesthesia and catheterization were carried out in the manner 
indicated above. The femoral artery was exposed by an incision just below the 
inguinal ligament. Spasms in the femoral artery were prevented with a local 
anaesthetic, Citanest 1 % (prilocaine, Astra). The vessel was then punctured 
with an infusion cannula (Enkel Infart, Stille-Werner), consisting of an inner 
steel needle and an outer teflon cannula with an outside diameter of 1.15 mm 
and an inside diameter of 0.8 mm. When blood emerged from the exterior end 
of the needle, it was removed and the teflon cannula was retained in the artery. 
The teflon cannula was then passed under fluoroscopic control to a level just 
above the bifurcation of the aorta.

A tube (Bi 125/30/50 R, Siemens) with a focus of 0.6 mm X 0.6 mm was 
used. The focus-film distance was 90 cm. Either a 24 X 30 AOT film changer 
(Elema-Schönander) with high-speed intensifying screens was used or a film 
changer without intensifying screens, in which case the aluminium front of 
the film changer was replaced by a bakelite front. In the former case the angio
grams were produced on Curix RP 2 film ( Agfa-Gevaert) and in the latter on a 
fine-grained film, Mammoray 2 (Agfa-Gevaert).

The urinary bladder was filled with air so that the pressure varied within 
the previously indicated limits, and the contrast medium, Urografin 60 % 
(diatrizoate, Schering) was injected manually.

The rate of exposure was 2 films per second for 4 seconds followed by 4 
films over a period of 8 seconds. After completing the examination, the vessel 
was compressed at the site of the puncture if additional examinations of the 
same animal were planned. Otherwise the vessel was ligated before microangio- 
graphy.

Principles of assessment
Microscopy and bacteriology

The extent to which lymphocytes and granulocytes were present was deter
mined by calculating the number within an area with a surface measuring
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b

Fig. 2. Microangiograms ( X 25) illustrating 
the semiquantitative parameters used to indi
cate vascularity, a) (No. 5) Ordinary 
number of vessels, less than or equal to 16 
per mm. b) (No. 46) Moderately increased 
number of vessels, 17—21 per mm. c) (No. 
73) Markedly increased number of vessels, 
more than 21 per mm.
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a b

Fig. 3. Microangiograms ( X 60) illustrating the semiquantitative gradation used for the para
meter “width of vessels”, a) (No. 5) Ordinary width of vessels., less than 20 u. b) (No. 8) 
Increased width of vessels,, more than 20 rn

2 000 // X 180 ju. The area was selected at random at a depth of less than 
180 /a below the epithelium. The number was recorded only if more than 25 
cells were detected. The presence of 25 to 100 cells was considered moderate, 
and a count of more than 100 cells was regarded as marked.

The degree of fibrosis in the bladder wall was determined by measuring the 
thickness of the lamina propria mucosae in transversely sectioned specimens. In 
each animal the areas which appeared to have been sectioned transversely with 
the best results were measured with the aid of an ocular micrometer. If these 
measurements averaged more than 60 ;a, fibrous thickening of the lamina 
propria was recorded.

Fig. 4. Microangiograms ( X 25), illustrating the semiquantitative gradation used for “tor
tuosity” and microangiogram ( X 60) with tortuous vessels varying in calibre, a) (No. 5) 
Normal vessels. Mean length of vessels measured on the film less than 120 % of a 5 mm 
long straight line, b) (No. 48) Moderate tortuosity. Mean length of vessels measured on the 
film 120 c/(—150 9c of a 5 mm long straight line, c) (No. 8) Marked tortuosity. Mean length 
of vessels measured on the film more than 150 % of a 5 mm long straight line, d) (No. 46) 
Tortuous vessels varying in calibre. Only the presence of these were recorded.
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c d 
Fig. 4. (For legend see opposite page.)
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In cases with bacterial growth, the numbers of bacteria were determined by 
a dilution method using dilutions of both 1 in 100 and 1 in 1 000.

Microangiography

Using the microangiograms of the controls as a basis, the microangiograms 
of the irradiated and infected bladders were assessed with regard to the number, 
width and tortuosity of the blood vessels. The presence of tortuous vessels of 
varying calibre was recorded.

Number of blood vessels (Fig. 2). This refers to the number of vessels that 
crossed an imaginary line measuring 1 mm in length within the area that 
appeared to be most vascular on macroscopic examination. When the number 
was less than, or equal to, 16 per mm, as in the case of the control material, 
this was described as ordinary. A moderate increase was recorded when the 
number of vessels varied between 17 and 21 per mm, and a marked increase 
was noted when there were more than 21 per mm.

Width of vessels (Fig. 3). This refers to the mean diameter of 10 vessels in 
the most vascular area adjacent to the main artery. When the mean diameter 
was less than 20 //, it was considered as ordinary. For values over 20 ^ an 
increase in width was noted.

Tortuosity (Fig. 4 a—c). The 5 most tortuous vessels were selected and their 
lengths were measured on the films between the terminal points of a straight 
line measuring 5 mm. When the total mean length of the vessels was less than 
120 per cent of the aforementioned line, it was considered as ordinary. When the 
mean length was between 120 and 150 per cent, the tortuosity was considered 
as moderate. Marked tortuosity was noted when the mean length of the vessels 
amounted to more than 150 per cent of that of the straight line.

Tortuous vessels of varying calibre (Fig. 4 d). This refers to both tortuosity 
and irregular variations in the vascular diameter. Only the presence of such 
vessels was recorded.

Angiography

Angiograms after radiation and infection were assessed on the basis of findings 
in the control material. The changes in the arterial, capillary and venous phase 
were evaluated subjectively.

Arterial phase. An increase in the number of arteries was recorded, but not 
the degree of increase.
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C

b

Fig. 5. Histologic sections ( X 140, van 
Gieson) through: a) Normal urinary bladder 
in the rabbit (lumen upward), b) (No. 60) 
Urinary bladder, 337 days after irradiation 
with 60Co y-radiation, 1 600 rad. The 
epithelium displayed atrophy. Fibrous thick
ening of lamina propria. A vessel of ex
ceptionally large calibre, distended with 
contrast medium, in the innermost portion 
of the tunica muscularis. No mural changes 
detected in the distended, thin-walled vessel, 
c) (No. 79) Urinary bladder, 15 days after 
infection with Escherichia coli. All layers 
of the wall oedematous. A large number 
of inflammatory cells particularly in the 
inner layers of the bladder wall. Urinary 
culture revealed bacterial growth.
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Fig. 6. a) (No. 5) Microangiogram ( X 1.9) 
of a normal urinary bladder in the rabbit. 
The number and appearances of the vessels 
were classified as ordinary, b) (No. 8) 
Microangiogram ( X 1.9) of bladder, 300 
days after irradiation with 6()Co y-radiation 
(1 600 rad). Marked increase in the number 
of tortuous vessels, c) (No. 73) Microangio
gram ( X 1.9) of bladder, 20 days after in
fection with Escherichia coli. The infection 
verified microscopically. Marked increase in 
number and tortuosity of the vessels. At this 
magnification no evident difference between 
irradiated animals and those with infections.
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Fig. 7. (No. 5). Angiogram of a normal 
urinary bladder in the rabbit, a) Arterial 
phase (a.p. projection). The arteries well 
filled with contrast medium. Urogenital 
artery visible (i—>) but not all branches in 
the bladder wall, b) Capillary phase (a.p. 
projection). No accumulation of contrast 
medium in the bladder wall, c) Venous 
phase (lateral projection). Veins visible 
(H_*)3 but not their branches in the bladder 
wall.
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Table 1

Irradiated animals. Microangiography

Rabbit Time Absorbed Infiltra Fibrous Urinary Number Width Tortuos- Tortuous
No. betw. dose tion of thickening cul- of of ity6) vessels

irrad. (rad) lympho of lamina ture1 2 3) vessels4) vessels5) of vary
and exam cytes or propria2) ing ca
(days) granulo

cytes1)
libre7)

54 60 1600 0 0 0 + + + 0
63 64 2000 0 + 0 + + + 0
44 72 1600 0 0 — n -f 0
46 113 2000 0 + — + + + + +
47 120 2000 0 0 — + n n 0
62 122 2000 0 0 — A + n 0
55 204 1600 0 + 0 + T + + + +
51 213 1600 0 0 0 n n n 0
48 222 1600 0 0 0 + + + + 0
49 226 1600 0 + 0 + + + + + 0
22 230 2400 0 0 — + + + + 0
52 236 1600 0 0 0 + + + + + 0
45 248 1600 + 0 0 + + + +

8 300 1600 0 0 0 + + + + + +
42 304 1600 0 + 0 + + + + 0
61 335 2000 + + 0 + + + + + +
60 337 1600 + + - + + + + + 0
57 347 1600 0 0 0 + + + 0
15 348 1600 0 + 0 + + + + +
16 360 1600 0 0 0 + + + 0
41 365 2000 0 0 — n + + +
37 390 1600 0 0 0 + + + 0
10 418 1600 0 + — + + + +
58 420 1600 0 0 0 + + + +
59 420 1600 0 0 0 + + + +
56 423 1600 0 0 0 + n n 0
53 428 1600 0 0 + n + + +
18 497 1600 0 0 0 + + + + +
40 497 1600 0 0 0 + + + +
12 540 1600 0 0 0 n n + +

1) 0 = less than 25 cells within a surface area of 180 /a x 2000 ju 
+ = 25-100 cells

2) 0 = thickness of lamina propria mucosae less than 60 jn
+ = ” ” ” ” ” more than 60 /a

3) 0 = no bacterial growth
+ = bacterial growth
— = examination not performed
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Capillary phase (“accumulation of contrast medium”). This was said to be 
increased in cases where the difference in contrast between the bladder wall and 
the surrounding tissue was greater than in the control material.

Venous phase. The veins were recorded only when they were widened.

Results
Controls

Microscopic and bactériologie observations. The microscopic findings were 
ordinary in all preparations (Fig. 5 a). Virtually no lymphocytes or granulocytes 
were seen in the sections. The bactériologie examinations did not reveal the 
presence of bacteria in any of the control animals.

Micro angiographic observations. The blood vessels were well filled with con
trast medium (Fig. 6 a). There was no extravasation of the medium. The 
number of vessels varied between 11 and 16 per mm, the average being 13 per 
mm. The width of the vessels varied between 14 ja and 19 ja and averaged 
17//.

Angiographic observations. The abdominal aorta and arteries originating from 
it and the pelvic arteries were well filled with contrast medium (Fig. 7 a). 
Although overprojection of vessels arising from the lower abdominal aorta 
occurred, the urogenital artery was visible in all cases (Fig. 7 a), however, 
branches of the artery in the bladder wall could not always be discerned. The 
bladder wall could be well outlined and had the same thickness throughout the 
bladder. The bladder wall thickness was less than 0.5 mm in all cases. The 
contrast filling of the veins varied, and these vessels were not visible in all cases. 
In cases where the venous phases were visible, it was not possible to discern the 
branches of veins in the bladder wall (Fig. 7 c). * 4 5 6 7

Table 1 (cont.)

4) n = less than or equal to 16 vessels per mm 
+ = 17—21 vessels per mm

+ + = more than 21 vessels per mm
5) n = width of vessels less than 20 ju

+ = ” ” ” more than 20 /u
6) n = mean length of vessels measured on film less than 120 % of a 5 mm long straight line 

+ = mean length of vessels measured on film 120 —150 % of a 5 mm long straight line
+ + = mean length of vessels measured on film more than 150 % of a 5 mm long straight line

7) 0 = no tortuous vessels of varying calibre 
+ = tortuous vessels of varying calibre



8
9

13
10
11
12
24
14
15
16
23
18
38
13

8
10
12
11

9
12
11

8
10
46
14
15
16

8
10
12
48
52
45
42
61

of c
me'

0
+
0

+
0
0
0

+
0
0
0
0
0
0
0

+
+

0
0
0
0
0

+
0
0
0
0
0
0
0

+
+
+
0
0
0
0

+

Table 2

Irradiated animals. Angiography

Time Absorbed Infiltration Fibrous Urinary Arteries4) Veins5)
betw. dose of lympho- thickening culture3)
irrad. and (rad) cytes or of lamina
exam. granulo- propria2)
(days) cytes1)

20 1600 — —

20 1600 — —

20 1600 0 0
21 1600 — —

21 1600 0 0
21 1600 — —

22 2400 0 0
29 1600 0 -f-

30 1600 — —

31 1600 — —

32 2400 0 0
33 1600 — —

40 2400 0 0
41 1600 — —

42 1600 — —

42 1600 — —

42 1600 — —

43 1600 — —

48 1600 — —

60 1600 — —

88 1600 — —

92 1600 — —

92 1600 — —

113 2000 0 +
159 1600 — —

163 1600 — —

163 1600 —

180 1600 0 0
181 1600 — —

184 1600 — —

222 1600 0 0
236 1600 0 0
248 1600 + 0
304 1600 0 +
335 2000 + +
347 1600 0 0
348 1600 0 +
360 1600 0 0
390 1600 0 0

0 n n
0 -fi +

0 n n
0 -fi +

0 -fi n
0 n n

— n n
0 + n
0 n n
0 n n
0 n n
0 n n

— n n
0 n n

— n n
+ +

0 + +
— n n
— n n
— n n
0 n n
0 n n
0 + n
0 n n

— n n
— n n
0 n n
0 n n
0 + n

— n n
0 +
0 +
0 + n
0 n n
0 + +
0 n n
0 n n
0 + +
0 + n

+ +
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Table 2 (coni.)

Rabbit
No.

Time
betw.
irrad. and
and exam, 
(days)

Absorbed
dose
(rad)

Infiltration Fibrous Urinary
of lympho- thickening culture3) 
cytes or of lamina
granulo- propria2) 
cytes1)

Arteries4) Veins5) Accum.
of contr.
medium6)

10 418 1600 0 0 + n +
58 420 1600 0 0 0 + n +
59 420 1600 0 0 0 n n 0
56 423 1600 0 0 0 + n 0
53 428 1600 0 0 + + + +
18 497 1600 0 0 0 n n 0
40 497 1600 0 0 0 n n 0
12 540 1600 0 0 0 n n 0

1) 0 = less than 25 cells within a surface area 
of 180 n X 2000 ju
+ = 25 — 100 cells within a surface area of 
180 ix X 2000 n
— = examination not performed

2) 0 = thickness of lamina propria mucosae 
less than 60 [i
+ = thickness of lamina propria mucosae 
more than 60 /a
— = examination not performed

3) 0 = no bacterial growth 
+ = bacterial growth
— = examination not performed

4) n = number of arteries not increased
+ = ” ” ” increased

5) n = veins not widened 
+ = veins widened

6) 0 = no accumulation of contrast medium 
+ = accumulation of contrast medium

Irradiated animals

One of the 29 animals which received 1 600 rad in the bladder died 6 days 
after irradiation. One animal was killed 4 days after irradiation owing to 
paralysis. The remaining 27 animals were subjected either to angiography or 
microangiography, or both, and microscopy was performed in all cases.

Two of the 12 animals that received 2 000 rad died, one 2 days and one 3 
days after irradiation. Four animals died at different times between 15 and 135 
days after irradiation. In these 6 cases angiography or microangiography could 
not be performed and microscopic examinations were made in 2 cases only. 
In the remaining 6 cases angiography or microangiography, or both, was 
performed as was microscopy, at various times between 64 and 365 days after 
irradiation before the animals were killed (see Tables 1 and 2). Three of these 
animals manifested diarrhoea, a highly vascularized intestinal mucosa and loss 
of weight.
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Eight of the 12 animals which received 2 400 rad in the bladder died 21 to 
64 days after irradiation and 3 more were killed within the same period. In the 
3 latter cases angiography could be performed. All these animals manifested 
diarrhoea, signs of intestinal inflammation and loss of weight. In several cases 
purulent peritonitis occurred. Widened vessels were frequently observed in the 
bladder macroscopically. Only in one case, in which the animal survived 8 
months, was microangiography performed. Eleven of these 12 animals were 
examined microscopically.

As shown in Tables 1 and 2, 30 microangiographic and 47 angiographic 
examinations were performed on the irradiated animals. The high angiographic 
figure is due to the fact that in 10 cases repeat examinations were carried out 
in the same animal.

Microscopic and bactériologie observations. On macroscopic examination the 
walls of the urinary bladders were frequently found to be slightly thickened and 
the volume slightly reduced.

The most common microscopic finding in the irradiated specimens was diffuse 
interstitial fibrosis and thickening of the lamina propria mucosae (Fig. 5 b). In 
9 of the irradiated animals the thickness of the lamina propria was more than 
60 ju. In 2 animals large fibrous cicatrices were seen in the tunica muscularis. 
Moderate infiltration of lymphocytes was observed in the bladder of 3 animals. 
Marked inflammatory cellular infiltration did not occur in any case. Five animals 
had slight to moderate atrophy of the bladder epithelium at different points 
(Fig. 5 b). In some 10 cases, most of which with inflammation, there were 
slight atypisms, which may have been induced by radiation. Other radiation 
changes — i.e. proliferation of the endothelium, abnormal endothelial cells, 
hyaline thickening of the vascular wall and mural thrombi — could not be 
detected. No relation between the absorbed radiation dose and the degree of 
microscopic abnormalities could be demonstrated.

In spite of the presence of inflammation, there was no distinct increase in 
the number of bacteria when the urine specimens were subjected to routine 
culture.

Microangiographic observations. As can be seen from Table 1, variations 
in the radiation dose appear to have had only little effect on the incidence of 
pathologic changes. One to 4 months after irradiation the number of vessels 
was only moderately increased. The vessels were widened and moderately 
tortuous except in one animal (No. 46), which had received 2 000 rad and had 
tortuous vessels of varying calibre. The angiographic findings at the same time 
were quite ordinary.

Five to 8 months and 9 to 12 months after irradiation there was a moderate 
to marked increase in the number of vessels. In one case (No. 51) the contrast
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Fig. 8. (No. 10). Angiograms of the urinary 
bladder in the rabbit, 42 days after irradia
tion with 60Co y-radiation (1 600 rad), a) 
Early arterial phase, b) Late arterial phase, 
c) Venous phase. Compared to Fig. 7, an 
increased number of tortuous arteries (l—») 
in the bladder wall and slight accumulation 
of contrast medium. The width and tor
tuosity of the veins (h—») in the bladder 
wall increased.

c
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filling of the vessels was incomplete and, consequently, the examination was 
difficult to appraise. As a rule, there was an increase in the width of the vessels. 
The degree of tortuosity varied from moderate to marked (Fig. 6 b). During 
both of these periods of examination tortuous vessels of varying calibre were 
seen (Fig. 4 d).

The animals examined more than 12 months after irradiation showed an 
ordinary or moderate increase in the number of widened vessels. The tortuosity 
was moderate. In cases where tortuous vessels of varying calibre were present, 
their appearance was the same as in cases observed for shorter periods of time.

At different points of time between 5 and 18 months following irradiation, 
both microangiography and angiography were performed when the experimental 
animals were killed. Microangiographic changes were present in all cases where 
angiographic changes were observed, but also in 8 cases where angiographic 
changes were not present. As can be seen from Table 1, there was an increased 
number of tortuous vessels at all examination periods following irradiation.

Angiographic observations. The angiographic findings in 15 animals before 
irradiation did not differ from those in the controls.

Radiation doses and times and results of examinations are given in Table 2. 
From this it can be clearly seen that, regardless of the radiation dose and time 
of observation, angiographic changes after irradiation generally could not be 
demonstrated. In a number of cases arterial changes, widened veins and 
increased accumulation of contrast medium were demonstrated in the bladder 
wall following irradiation (Fig. 8). It was interesting to note that the pathologic 
vascular findings observed shortly after irradiation had returned to normal in 
a few cases in which repeat angiography could be performed at a later stage. 
However, examinations carried out 9 to 12 months, or more, after irradiation 
showed that there was often a reduction in the volume of the bladder and an 
increase in the thickness of the wall. As a result, appraisal of the angiographic 
findings was rendered considerably more difficult.

The few animals that had received 2 400 rad and survived only a short time 
owing to a severe intestinal reaction had an increased number of arteries and 
widened veins in the part of the intestine adjacent to the bladder, but had not 
developed evident pathologic bladder vessels during the period of observation 
extending from 22 to 40 days after irradiation. The small number of animals 
made it impossible to draw any definite conclusions.

Infected animals

None of the 20 animals had positive bacterial cultures before infection. The 
results of the subsequent bacterial cultures are shown in Tables 3 and 4. In 7
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Infected animals. Microangiography
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Rabbit
No.

Time
betw.
inf. and
exam.
(days)

Infiltration Fibrous Urinary
of lympho- thickening culture3) 
cytes or of lamina
granulo- propria2) 
cytes1)

Number
of vessels4)

Width
of ves
sels5)

Tortuos
ity6)

Tortuous
vessels of
varying
calibre7)

76 14 0 0 0 + + + 0

77 14 + + 0 + + + + 0

80 14 + 0 0 + + + 0

78 15 + 0 + + + + +
79 15 + + 0 + + + + 0

64 17 + + 0 + + + + + + 0

65 17 + 0 + + + + + + 0

70 19 0 0 0 + + + 0

75 19 + 0 + n + n +
66 20 + + 0 + + + + 0

73 20 + 0 0 + + + + + +
81 21 0 0 0 n + n 0

74 23 + + 0 0 + + n +
82 30 + 0 0 + + n 0

83 30 0 0 + n n n 0

84 30 + 0 + + + + + 0

85 30 + + 0 + + + + 0
67 31 0 + + n n n 0

68 64 0 0 0 n + n 0
69 64 + 0 0 + + n 0

1) 0 = less than 25 cells within a surface area of 180 ju X 2000 ju
+ = 25-100 cells ” ” ” ” ” ”

+ + = more than 100 cells ” ” ” ” ” ” ”
2) 0 = thickness of lamina propria mucosae less than 60 ju

+ = ” ” ” ” ” more than 60 /i
3) 0 = no bacterial growth 

+ = bacterial growth
4) n = less than or equal to 16 vessels per mm

= 17—21 vessels per mm 
+ + = more than 21 vessels per mm

5) n = width of vessels less than 20 /j,
+ = ” ” ” more than 20 [à

6) n = mean length of vessels measured on film less than 120 % of a 5 mm long straight line 
+ = mean length of vessels measured on film 120 — 150 % of a 5 mm long straight line

+ + = mean length of vessels measured on film more than 150 % of a 5 mm long straight line
7) 0 = no tortuous vessels of varying calibre 

+ = tortuous vessels of varying calibre

3—733211. Acta Radiol. Suppl. 328
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Table 4

Infected animals. Angiography

Rabbit Time betw. Infiltration Fibrous Urinary Arteries4) Veins5) Accum.
No. inf. and of lympho-

exam. cytes or
(days) granulo

cytes1)

thickening 
of lamina 
propria2)

culture3) of contr.
medium6)

70 7 — —

73 14 — —

76 14 0 0
77 14 A A 0

80 14 A 0

78 15 A 0

79 15 + + 0

70 19 0 0

75 19 + 0

66 20 A A 0

73 20 + 0

81 21 0 0

85 30 + +
68 64 0 0

69 64 + 0

1) 0 = less than 25 cells within a surface
area of 180 fx x 2000 fx 

A = 25 — 100 cells within a surface area 
of 180/4 x 2000 /j,

A A = more than 100 cells within a surface 
area of 180 jix X 2000 /x 

— = examination not performed
2) 0 = thickness of lamina propria mucosae

less than 60 fx
A = thickness of lamina propria mucosae

A A A A
A A A A
0 n n 0

A n A A
0 A A A

A n n 0

A n n 0
0 n n 0

A A A A
A A A A
0 n A A
0 n n 0
0 n n A
0 n n 0
0 n n 0

more than 60 ju
— = examination not performed

3) 0 = no bacterial growth 
A = bacterial growth

4) n = number of arteries not increased
A = ” ” ” increased

5) n = veins not widened 
-j- = veins widened

6) 0 = no accumulation of contrast medium 
A = accumulation of contrast medium

cases angiography was either not performed or was a failure. Fifteen angiographic 
examinations of the remaining 13 animals were performed, 2 of the animals 
being examined twice. Microangiography and microscopy were performed on 
all animals.

Microscopic and bactériologie observations. As is shown in Tables 3 and 4, 
the degree of inflammatory cell invasion was marked in 5 animals (Fig. 5 c), 
and in the bladder wall of 9 rabbits a moderate invasion of inflammatory cells 
occurred. The inflammatory cells consisted mainly of lymphocytes. In a few
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Fig. 9. (No. 73). Angiogram of the urinary 
bladder in the rabbit, 14 days after infection 
produced by introducing foreign body and 
a bacterial culture (Escherichia coli) into 
the bladder. The infection verified bacte- 
riologically at the time of the angiography 
and microscopically 6 days later, a) Arterial 
phase, b) Early capillary phase, c) Venous 
phase. Compared to Fig. 7, increased number 
of tortuous arteries in the bladder wall 
(l—»). Accumulation of contrast medium 
in the capillary phase and widened veins 
in the venous phase ( h—» ). The changes 
deviated only quantitatively from those in 
the irradiated animal in Fig. 8.

c
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cases moderate interstitial fibrosis occurred and, in addition, in 2 of these the 
lamina propria mucosae also had a thickness of more than 60 tu.

Table 3 shows that 10 animals had bacteriuria when microangiography was 
performed. This table also shows that 4 of the 20 animals (Nos 68, 70, 76 and 
81) had neither bacteriuria nor inflammatory cells in the bladder wall at the 
time of microscopy.

Micro angiographic observations. Table 3 shows that the microangiograms 
were ordinary in 2 out of 16 animals (Nos 67 and 83) in which inflammatory 
cell infiltration or bacteriuria, or both, had been detected. In the remaining 14 
cases there was usually a moderate or marked increase in the number of vessels 
(Fig. 6 c), in most cases with increased tortuosity. In all cases the vessels were 
dilated and in 4 (Nos 73, 74, 75 and 78), tortuous vessels with variations in 
calibre could be demonstrated.

Angiographic observations. The angiographic findings in 3 animals before 
infection did not differ from those in the controls.

As shown in Table 4 the angiography was ordinary in 2 animals (Nos 78 and 
7 9 ) in which bacteriuria and inflammatory cell invasion of the bladder had been 
demonstrated. Other cases where bacteriuria or inflammatory cell invasion, or 
both, occurred, showed, as a rule, an increased number of arteries, wide veins or 
accumulation of contrast medium in the bladder wall on angiography (Fig. 9).



DISCUSSION

The histologic picture and the angioarchitecture of the normal bladder wall 
in the present material showed no deviation from earlier observations (Aumüller 
1971).

The divisions of time used in this material were determined on the basis of the 
chronologic course of radiation induced changes occurring with similar radiation 
doses in earlier investigations (Rubin & Casarett 1968), and also in con
sideration of the times for the angiographies in the subsequent clinical material.

The microscopically observed abnormalities at different times after irradiation 
shown in this material are similar to those described previously (Gowing 1960, 
Rubin & Casarett 1968). Typical microscopic vascular changes of the type 
described earlier could not be demonstrated, however. Slight mural changes in 
the small vessels are probably more difficult to demonstrate in injected specimens 
and this is almost certainly the case regarding unspecific changes such as oedema 
and blood stasis. Distension of the bladder wall may have also been a contributing 
factor in the concealment of these changes. In any case, the lower radiation 
doses (single doses of 1 600 and 2 000 rad) were obviously insufficient to 
produce more advanced radiation changes in the normal bladder wall. Therefore, 
experiments were performed with higher radiation doses (2 400 rad), but with 
this dosage only a few animals survived more than 2 months and the microscopic 
abnormalities in these surviving animals did not deviate from those described 
earlier. It is possible that with dose fractionation of the type used in clinical 
radiation therapy, absorbed doses producing a greater effect on the bladder 
wall could have been achieved in this context, but the difficulties in attaining 
sufficient precision in focusing on the field of treatment without repeated cathe
terization would have been greater. It is hardly likely that the radiation sensitivity 
in these animals could have been lowered to any appreciable extent owing to a 
possible reduction of oxygen tension in the bladder wall induced by anaesthesia, 
but this possibility should be considered (Fowler et coll. 1965).

In contrast to the often slight or moderate microscopic changes, the micro- 
angiographic changes were marked. The increase in the number, width and 
tortuosity of the vessels, which was observed more than 2 months after irradia
tion, could not be explained merely by the moderate reduction of the bladder 
volume that was noted occasionally. This hypervascularity, which was even
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more noticeable at later intervals following irradiation, was probably a form 
of reaction to radiation. This conclusion is supported by preceding observations 
(Rubin et coll. 1960) indicating revascularity with simultaneous interstitial 
fibrosis post irradiation. According to Rubin & Casarett ( 1968), this revascula
rity is a manifestation of damage to the precapillary and capillary vascular bed. 
In the present material it was also possible to demonstrate vascular changes with 
irregular variations in calibre microangiographically at different times after irradi
ation. These changes occurred only locally in one and the same vessel, which was 
also in agreement with earlier observations (Rubin & Casarett). It is possible 
that with larger radiation doses such vascular changes would have developed 
into teleangiectases in the bladder of the type described earlier both clinically 
and microscopically (Watson et coll. 1947, Gowing 1960), and also micro
angiographically in other organs (Hassler 1966). The radiation induced 
vascular changes in the present material were not sufficient to produce extrav
asation of the contrast medium, which fact has been observed earlier (Hass
ler).

Even though the affected vessels were mainly of smaller calibre than could be 
demonstrated macroangiographically, it was nevertheless possible to demonstrate 
slight hypervascularity as early as 3 weeks following irradiation. This point of 
time coincides with an early inflammatory reaction in the bladder (Fowler 
1971). Only a small number of animals could be examined angiographically a 
repeated number of times since each procedure involving anaesthesia further 
worsened the impaired general condition of the animal following irradiation. It 
was therefore impossible to determine whether there was a constant angiographic 
difference between early and late examinations. The slight accumulation of 
contrast medium, seen angiographically at different times following irradiation, 
could be explained by a dilatation of vessels and relative stasis in the peripheral 
vascular bed.

It cannot be ruled out that it might have been possible to demonstrate con
siderably smaller vessels with another angiographic technique (Ekelund & Olin

1970) than the one used in the present investigation. Still, the resolution could 
have hardly been sufficient, and as far as the course of development of the 
vascular changes in the same animal is concerned, the problem of multiple 
operative procedures would have remained.

The importance of simultaneous infection for the degree of post irradiation 
reaction becomes evident when the microscopic findings in the present material 
are compared with the earlier observations of Hueper et coll. (1942), even 
though the difference in the findings may have been due in some part to dif
ferences between the breeds.

The angiography and microangiography of the inflammatory changes in the
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present material was restricted to a period corresponding to that of the acute 
radiation cystitis, i.e. 2 to 4 weeks following irradiation (Rubin & Casarett 
1968, Fowler 1971). The reason for this was that it proved impossible to 
produce an infection lasting for a longer period of time with the method used. 
The microangiographic findings were essentially the same in both irradiated and 
infected animals. Thus, in a few cases variations in calibre were observed in 
evidently tortuous vessels. In the major portion of the cases, however, such 
changes could not be demonstrated with certainty. Over long periods of observa
tion the differences in the vascular appearances between the irradiated and the 
infected animals could therefore be interpreted as being more of a quantitative 
nature than qualitative.

It has already been indicated in the discussion that it was not possible to 
demonstrate differences between the irradiated animals and the infected animals 
with the macroangiographic method used. The small differences which did 
occur were entirely quantitative.



SUMMARY OF PART I

A microscopic, microangiographic and angiographic examination of the uri
nary bladder of 83 rabbits was performed. Fifty-three of these animals were 
exposed to irradiation over the urinary bladder ( 1 600—2 400 rad ) and 
examined after one to 18 months. Twenty were infected with Escherichia coli 
and 10 served as controls. An increase in the number of dilated vessels with 
increased tortuosity was demonstrated in both the irradiated and the infected 
animals. The changes were observed at both early and late stages after the 
irradiation. In addition, irregular variations in the calibre of the blood vessels, 
which could have represented early teleangiectases, were observed in the 
irradiated animals. Similar changes were noted in a few of the infected animals, 
but in the majority of the cases there were no changes of this type. They could 
be demonstrated by microangiography, but not by angiography.



Part II

Clinical investigation

S.-O. Hietala

Angiographic changes in the urinary bladder before and after 
radiation therapy of bladder tumours





INTRODUCTION

Pretherapeutic angiography of the bladder has been performed in a large 
number of patients with urinary bladder tumours. Earlier investigations following 
radiation therapy have been carried out with small, heterogeneous and rather 
poorly defined samples. No earlier, systematic angiographic investigation of post 
irradiation abnormalities in the previously normal bladder wall has been made. 
The possibility of differentiating reactions following irradiation and tumours 
angiographically has not been investigated with large, uniformly treated samples 
of clinical material. Thus, the intention of the present work was :

a) to determine the angiographic appearance of radiation induced changes 
in the normal bladder wall at different times following irradiation,

b) to analyse the possibility of differentiating between reactions following 
irradiation and tumours angiographically and

c) to determine the usefulness of angiography in the demonstration of recur
rences of tumours in the urinary bladder.

The observations are based on a large, uniformly treated material which was 
examined in accordance with a standardized routine. Comparisons have been 
made with the findings in the preceding experimental material. It had been 
considered desirable to gain insight into the possibility of differentiating between 
reactions following irradiation and tumours on the one hand and inflammatory 
processes on the other also in clinical material, but inflammatory conditions did 
not appear in pure form in the available material. Consequently, this problem 
could not be elucidated. The subject has been reserved for a separate investiga
tion.



PREVIOUS INVESTIGATIONS

“Normal” and tumorous bladder wall
Pelvic angiography in the examination of tumours of the bladder was first 

described by Italian workers (Lasio et coll. 1954). The method found clinical 
use in Scandinavia following a report by Boijsen & Nilsson (1962). They 
demonstrated pathologic vessels in tumours with a diameter of more than one 
cm. They were not able to distinguish angiographically between highly dif
ferentiated or completely benign and poorly differentiated, clinically malignant 
tumours. Nor was it possible to determine the degree of intramural infiltration. 
A number of publications dealing with pelvic angiography appeared subse
quently (Schneeberg et coll. 1963, Braedel & Krautzun 1964, Bücheler & 
Thurn 1964, Maranta et coli. 1964, Taylor et coli. 1965, Wise & Fainsinger 
1965, Kaufmann et coli. 1966). The observations made in these publications 
agreed, on the whole, with the earlier observations of Boijsen & Nilsson.

Nilsson (1967) gave a detailed description of the radiographically normal 
anatomy of the pelvic vessels, particularly the vessels of the urinary bladder. 
He also described in detail the angiographic findings in tumours of the urinary 
bladder in 131 cases. Pathologic vessels were observed in all tumours with a di
ameter of more than one cm. It was not possible to determine the degree of dif
ferentiation or intramural infiltration of the tumours on the basis of the angi
ographic findings in the arterial, capillary or venous phases. Extravesical extension 
of tumours was demonstrated angiographically in more than 95 per cent of the 
cases in which such spreading could be verified clinically or microscopically. 
Angiographic signs of extravesical growth were not present in about 93 per 
cent of the cases in which such growth was not revealed by microscopic or 
clinical examination. Using a considerably smaller material, Blaudow et coll. 
( 1968) were unable to determine the degree of intramural infiltration of tumours 
angiographically, but they found a high degree of accordance between angi
ographic findings and microscopic findings with regard to the spreading of 
tumours in the perivesical tissue.

Findings contradictory to those of the mentioned reports were published by 
Georgi et coll. ( 1968) and Lentzen et coll. (1968), who could not demonstrate 
20—25 per cent of clinically and microscopically verified malignant tumours
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by angiography. Bachmann & Taenzer (1969) and Kelami & Taenzer 
(1969) reported that the angiographic findings differed in 20 per cent of their 
cases from the microscopic findings. This applied to the angiographic demonstra
tion of tumours, the perivesical extension of tumours and the differential diagnosis 
of tumours and inflammations.

According to Lang (1968, 1969), who performed angiography in combina
tion with endovesical and perivesical insufflation of gas, the angiographic 
criteria allow an assessment of the microscopic degree of differentiation of 
tumours, and it was possible to determine the degree of both intramural and 
extramural infiltration in 85 per cent of microscopically verified cases. According 
to the same author, the differential diagnosis of tumours and inflammations 
would not present any problem either. Romaniuk et coll. (1969) performed 
angiography using a stereoscopic technique in combination with endovesical 
and perivesical insufflation of gas. The false angiographic diagnoses in their 
material occurred in cases of microscopically higly differentiated and clinically 
benign tumours.

Radiation induced changes
Angiographic abnormalities following radiation therapy were described by 

Boijsen & Nilsson (1962), Lang et coll. (1963), Maranta et coll. (1964) 
and Dunchik et coll. (1972). The main emphasis in these reports was on 
hypervascularity. Nilsson (1967) described 14 cases in which radiation 
therapy had been given before angiography, but the material was not uniform 
in regard to the type of irradiation, the radiation dose and the time interval 
between irradiation and angiography. He observed hypervascularity a few 
months after the completion of treatment and was able to demonstrate it 4 
years after the end of irradiation. In 4 out of 14 cases with hypervascularity in 
the nontumorous parts of the bladder he was unable to differentiate between 
tumours and reactions following irradiation on the basis of the appearances of 
the vessels, nor were the appearances of the veins and the accumulation of 
contrast medium conclusive.

The difficulties of differential diagnosis were also pointed out on the basis 
of isolated observations by Georgi et coll. (1968). According to these authors 
the angiographic findings were unambiguous only in cases where the tumour 
was so large as to produce a local protuberant mass in the bladder. Kelami & 
Taenzer (1969) reported 2 cases of radiation induced cystitis in which tumours 
had been demonstrated angiographically. The problems of angiographic dif
ferential diagnosis following irradiation have also been discussed by Anacker &
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Heun (1969) and Vogler (1969). They pointed out that the problems were 
not only great with respect to the differentiation of tumours and reactions post 
irradiation, but also in demonstrating the spread of tumours in the irradiated 
bladder wall.

Lang (1969) maintained that it was possible to distinguish angiographically 
between recurrences of tumours and reactions following irradiation. Twelve 
cases of recurrence of tumours were described, all of which could be diagnosed 
angiographically, and 8 cases without recurrences of tumours, in 6 of which the 
angiographic diagnosis was correct. Thus, in 2 cases there were diagnoses of 
recurrences of tumours which could not be verified. The material was presented 
without any indication of the radiation doses or the times of examination.

Lacy et coll. (1970) have pointed out the value of repeated angiographic 
examinations after radiologic treatment. They performed angiography in combi
nation with endovesical and perivesical insufflation of gas in 4 patients 3 to 4 
weeks after the completion of therapy. They noted tumour regressions, but did 
not describe the angiographic findings. They also pointed out the difficulty of 
introducing a sufficient quantity of gas perivesically after irradiation.

Comments
This survey of the literature shows that the findings of the earlier prethera- 

peutic investigations are inconsistent regarding the reliability of angiography in 
demonstrating the presence of tumours, determining their degree of differentia
tion and the intramural and extramural infiltration. In view of this inconsistency, 
there seemed to be a need for additional investigation.

The survey also shows that it was not possible to determine the reliability of 
the angiographic method in the diagnosis of tumours of the irradiated bladder 
on the basis of the divergent findings of earlier dissociated reports. Consequently, 
an analysis of the angiographic findings in a large, uniformly treated sample 
of clinical material was considered desirable.



PRESENT INVESTIGATION

Material
During the period extending from 1960 through 1971, 783 pelvic angi

ographies were performed on the basis of different clinical indications. These 
were mainly vascular diseases, neoplastic diseases in the pelvis or urinary bladder 
and gynaecologic diseases. One hundred and sixty consecutive angiographies of 
the urinary bladder performed in 59 patients, before and after irradiation of 
bladder tumours, were extracted from this material. Three cases comprising 9 
angiographic examinations were excluded subsequently owing to the fact that 
the hospital records were incomplete regarding the spread of the tumours. An 
additional 5 angiographies were technically incomplete and were also excluded.

Thus, the clinical material comprised 146 angiographic examinations per
formed in 56 patients, 9 females, age 46—86, and 47 males, age 48—80. The 
age distribution is shown in Table 5.

The first angiography had not always been performed before the initiation of 
radiation therapy (Fig. 10). This proved impracticable owing to waiting lists 
and the planning of the treatment. In 51 cases the examination was performed 
during a period beginning 14 days before and ending 14 days after the initiation 
of radiation therapy. In 4 cases the examination was made 19 to 38 days before, 
and in one case 19 days after the institution of treatment. In spite of the varia
tions in time regarding the initiation of therapy, the first angiography has been 
termed pretherapeutic in all patients. It has been considered justifiable to assume 
that in the cases where irradiation had been initiated, it could not have affected 
the angiographic findings in the short period of time involved here (Fowler

1971).
The vascular features on the nontumorous side of the bladder in 14 cases were 

regarded as controls. Microscopy of this side of the bladder was not made, 
however, but the selection was based on the fact that cystoscopy had revealed 
unilateral tumours in these cases and, in addition, the patients had no bactéri
ologie or clinical signs of infection. Since it was not possible to prove that the 
nontumorous side was also microscopically normal, it had been designated as 
“normal” bladder wall in the following account.

A posttherapeutic examination was performed in all 56 patients, a second
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Table 5

Age distribution

Age 41-50 51-60 61-70 71-80 81-90 Total

Female 2 2 2 2 1 9
Male 3 14 18 12 - 47

Total 5 16 20

Table 6

14 1 55

Distribution of posttherapeutic angiographies

Time after irradiation (months) 2-4 5-6 7-8 9-10 11-12 > 12 Total

Posttherapeutic ang. I 26 24 2 1 2 10 56
” ” II — 2 6 7 7 42) 26
” ” III - - - 1 - 73) 8

Total 26 26 8 9 9 12 90

1) 24 months
2) 17, 28, 30 months, 7 years
3) 15, 16, 18, 22, 24, 27, 45 months

Table 7

Summary of diagnostic examinations

No. of cases

Transurethral biopsy 35
Transurethral resection 8
Cystotomy with excision or resection 4
Segmental resection 6
Laparotomy 3

was made in 26 patients and a third in 8 patients. The distribution of the post- 
therapeutic examinations with respect to time is indicated in Table 6. The later 
timing of the angiography was dictated by the clinical follow-up (see below).
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Microscopic, bactériologie and clinical examinations
All microscopic examinations were carried out in the Department of Pathology, 

using first-hand material or, alternatively, specimens from other hospitals were 
re-examined. The examinations were made by 2 experienced pathologists (Drs. 
S. Falkmer and O. Kassier) using tissue specimens obtained by the methods 
indicated in Table 7.

The bactériologie examinations were performed at the Institute of Bacteriology 
(Dr R. Brönnestam). The staining procedures were those described in Part I.

Other diagnostic procedures comprised both clinical and radiologic methods. 
For the classification of tumours according to the T.N.M. system (see Principles 
of assessment), cystoscopy and bimanual palpation were performed under 
anaesthesia in each patient. These examinations were performed in the Depart
ment of Urology or Department of Surgery.

The radiologic examinations before angiography always comprised urography 
and, in some cases, pneumocystography.

Therapy and follow-up

Treatment of tumours of the urinary bladder was either surgical, radiologic, 
or a combination of surgery and radiation therapy. The main principle followed 
was that tumours in stages Ti—T2 according to the T.N.M. system, were 
treated surgically, whereas tumours in stages T3 and T4 were irradiated. How
ever, certain tumours in stages Ti—T2 were irradiated if they were poorly dif
ferentiated or undifferentiated, or if there were repeated recurrences or extensive 
tumorous growth.

The patients were examined regularly after therapy. As a rule, urography 
was performed 2 months after the completion of treatment, but in most cases 
no cystoscopy was carried out. At the next examination, usually 4 months after 
the completion of treatment, urography and cystoscopy in conjunction with 
bimanual palpation under anaesthesia were performed. The first posttherapeutic 
angiography was also performed on one of these occasions, As a rule, a third 
posttherapeutic examination was carried out 6 months after the completion of 
treatment.

Further examinations were made at different intervals depending on the 
condition of the patient and the findings from previous examinations. On these 
subsequent occasions urography, cystoscopy, urinary cultures and urinary 
cytologic examinations were done. When recurrences of tumours were possible, 
biopsy specimens were taken for microscopic examination. In such cases ad
ditional angiographies were performed. As is shown in Fig. 10, repeat operations 
were performed in 19 cases, cystectomy in 8 cases, explorative laparotomies in 
5 cases and in 6 cases urinary diversion procedures only.

4—733211. Acta Radiol. Suppl. 328
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ANTERIOR

POSTERIOR

Fig. 11. (No. 7). Isodose distribution for irradiation of carcinoma of the urinary bladder in 
man given in the form of 34 MV roentgen radiation from a betatron. Four-field technique: 
one anterior^ one posterior and 2 lateral fields. The anterior and posterior fields irradiated 
with approximately twice as high total reference doses as the lateral fields. Source-to-skin 
distance 100 cm. Total dose: 6 700 rad. Number of fractions: 30. Length of treatment: 45 
days.

Irradiation
The irradiation was carried out in the Department of Radiation Therapy. 

When planning the treatment, control films were exposed in anterior-posterior 
and lateral projections after intravenously injected contrast medium. The position 
of the field of treatment was checked regularly during the irradiation. During 
a period extending from 1960 to 1963 60Co gamma radiation was used with a 
three-field technique : 2 obliquely placed wedged anterior fields and one posterior 
field. The distribution of the dose was indicated in isodoses over a cross-section 
of the body at the level of the urinary bladder. Five patients included in the 
present material were treated in this manner, and the absorbed radiation dose 
ranged between 6 400 and 7 200 rad, the fractionation period between 42 and 
48 days and the number of fractions between 29 and 38.

Since 1963 the treatment has been given in the form of 34 MV roentgen 
radiation from a betatron using a four-field technique : one anterior, one posterior 
and 2 lateral fields (Fig. 11). The anterior and posterior fields were usually 
exposed to total reference doses which were approximately twice as high as those
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to which the lateral fields were exposed. The absorbed dose ranged in these 
cases between 5 900 and 7 100 rad, the fractionation period between 39 and 
77 days and the number of fractions between 30 and 38. Fifty patients in this 
material were treated in this manner. The remaining case received treatment 
combining 00Co gamma radiation and radiation from a betatron up to a total 
absorbed dose of 6 600 rad. In all cases the absorbed dose was distributed 
relatively homogeneously in the bladder.

Angiographic methods
After the conventional cleansing of the bowel and preoperative medication 

(Morphine/Scopolamin, morphine and a spasmolytic agent, AGO, alternatively 
Fenemal, phénobarbital, ACO, or Valium, diazepam, Roche), a catheter was 
introduced percutaneously. The position of the catheter was controlled using 
a small amount of contrast medium with the aid of an image intensifier and 
TV monitor. The urinary bladder was emptied via an inserted catheter and 
filled with carbon dioxide, as a rule 100—200 ml. The catheter for the contrast 
medium was then connected to the syringe, either directly or, if 2 catheters were 
used, via a Y-joint. The contrast medium (Urografin 60 %, diatrizoate, Schering, 
alternatively Isopaque 60 % or 75 %, metrizoate, Nyegaard & Co A-S) was 
injected manually, 113 times, or with an automatic injector (Gisal II, Elema- 
Schönander), 33 times. The injection time and exposures were recorded by a 
Mingograph 81 (Elema-Schönander). An AOT film changer, 35 X 35 or 
24 X 30 (Elema-Schönander), was used. The rate of exposure was 2 films per 
second during the first 4 seconds followed by one film per second for an ad
ditional 11 seconds.

The films were exposed with the patient supine. The examinations were started 
with an anterior-posterior series in all cases. In 75 examinations an additional 
series was exposed in order to obtain a tangential projection of the tumour. The 
position of the patient during this oblique projection depended on the cystoscopic 
findings and the findings from the preceding a.p. series.

Ninety-five nonselective examinations were performed using one or 2 catheters. 
Fifty-one examinations were performed either selectively only or first selectively 
and then nonselectively with the same catheter or with another one.

Nonselective examination with 2 catheters. Sixty examinations were carried 
out in this manner using polythene catheters (PE 205) with side holes. The tips 
of the catheters were passed up into the common iliac artery just above the origin 
of the internal iliac artery, and the position of the catheters was checked. The 
amount of contrast medium varied between 40 and 50 ml, but was, as a rule
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50 ml. The rate of injection was 7.5—16.5 ml per second using automatic 
injection. Random checks showed that the manual rate of injection was probably 
about the same.

Nonselective examination with one catheter. Thirty-five examinations were 
carried out in this manner. In 22 examinations polythene catheters were used 
and in 13 examinations either red or grey Ödman-Ledin catheters (Ödman 
1956). The catheters were passed up to a level just above the aortic bifurcation. 
The amount of contrast medium varied between 20 and 60 ml, but was, as a 
rule, 45 ml. The rate of injection was 10—20 ml per second using automatic 
injection.

Selective examination with one catheter. Twenty-four examinations were car
ried out in this manner with red Ödman-Ledin catheters (Ödman). The cath
eterization was performed in the manner described earlier by Nilsson (1967). 
The amount of contrast medium used varied between 8 and 20 ml, but was, as 
a rule, 15 ml. The rate of injection was 8—13 ml per second using automatic 
injection.

Selective and nonselective examination. Twenty-seven examinations were first 
performed selectively on the tumour side. This was followed by nonselective 
examination with the tip of the catheter just above the bifurcation of the aorta. 
Either the same catheter was used or it was replaced by a polythene catheter. 
The amount of contrast medium used in the selective examination varied between 
8 and 20 ml. The rate of injection was 5—8 ml per second. The amount of 
contrast medium used in the nonselective examination varied between 20 and 
50 ml, as a rule, it was 40 ml. The rate of injection was 10—15 ml per second 
using automatic injection.

Troublesome overprojection of the intestinal vessels occurred in a few cases in 
the nonselective examinations. Masking of the vessels from the external iliac 
artery occurred in a few of the cases in which oblique projections were used.

In different applications of angiography, the subtraction method (Ziedses 
des Plantes 1961) has been used to facilitate the assessment of films. This 
method was also tested in bladder angiography. As a rule, the injection of con
trast medium was painful, causing the patient to move during the exposure. As 
a consequence, the subtraction method could only be used successfully in a few 
cases (Fig. 12).

The selective examinations could take a considerable length of time but 
attempts were made to avoid long catheterization times. If the selective 
catheterization did not succeed within 10 minutes, the examination was per
formed nonselectively. Subintimai deposition of large amount of contrast medium 
was avoided by checking the position of the catheter fluoroscopically using a 
small amount of contrast medium. If subintimai deposition of the contrast
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Fig. 12. Cystoscopy with palpation: large exophytic tumour protruding inward from the right 
side of the bladder. The right ureteric ostium could not be identified. The tumour fixed on 
palpation. Microscopy: moderately differentiated carcinoma with infiltration of the lamina 
propria. Angiography, a) Arterial phase (nonselective examination), b) Late arterial phase 
(selective examination on right side). Markedly increased number of widened and tortuous 
arteries in the right half of the bladder. Tortuous vessels of varying calibre far out in the 
perivesical tissue on the right side more evident on the subtraction film (b).



56

medium was established, the examination was either discontinued or performed 
by another technique. Careful arterial compression and pulse checks at the site 
of puncture were made 10 minutes after the completion of the examination. The 
frequency of complications was very low. Two cases of moderate sized haematoma 
occurred among the patients in this series, but did not require surgical interven
tion. In a few of the cases haematomas of insignificant size occurred.

Principles of assessment
Microscopic, bactériologie and clinical examinations

The type of tumour and the degree of differentiation were indicated in the 
microscopic diagnosis. A malignancy gradation and staging were also done. 
In classifying the tumours, the term papilloma was reserved for papillary tumours 
with regular cellular arrangement which did not deviate significantly from normal 
transitional epithelium. The degree of differentiation was described as well, 
moderately and poorly differentiated carcinoma and undifferentiated carcinoma. 
The malignancy gradation was based on the cell structure of the tumours 
(Bergkvist et coll. 1965, Esposti et coll. 1970) and ranged from grade 1 to 
grade 4. Grade 1 (Gl) was used to designate tumours with slight or moderate 
cellular polymorphism which deviated, however, from that normally occurring 
in the mucosa of the bladder. According to this classification grade 1 papillary 
carcinomas also comprised tumours which have been described earlier as 
papillomas. Grade 2 (G 2) included tumours with moderate to marked poly
morphism and also cellular disorganization. Tumours with marked cellular 
polymorphism and a large number of mitoses were classified as grade 3 (G 3). 
Grade 4 (G 4) included anaplastic tumours with an undifferentiated cellular 
appearance, marked cellular polymorphism and a tendency towards dissociation 
of the individual tumour cells. There was no disagreement between the 2 
pathologists as regards the final microscopic assessment of the tumours.

Insofar as was possible, the depth of growth of the tumours was assessed in 
the microscopic examination in all cases. However, since the assessment was 
usually based on biopsy specimens and less frequently on surgical specimens, these 
observations have not been considered to be sufficiently reliable for a detailed 
analysis.

The method of bactériologie assessment was the same as that in Part I. The 
presence of bacteriuria has been indicated only in cases where the number of 
bacteria was equal to, or more than, 10 000 per ml.

On the basis of the information gathered from cystoscopy, bimanual palpation 
under anaesthesia and microscopy, the tumours were classified according to the
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T.N.M. system (UICC 1963—1967). In this system T signifies primary tumours, 
N regional nodes and M distant métastasés. In the classification of the present 
material only primary tumours (T) have been considered and the degree of 
infiltration of the primary tumour has been indicated by the stages Ti to T4 

in accordance with the aforementioned system. Ti signifies tumours whose cells 
infiltrate the subepithelial connective tissue, T2 tumours whose cells infiltrate 
the superficial muscular coat, T;> tumours whose cells infiltrate the deep muscular 
coat, or perivesically, but which are mobile on palpation, and finally T4 signifies 
tumours which are immobile or infiltrate adjacent organs. Since it was frequently 
impossible to differentiate clinically between tumours in stages Ti and T2 

(Morrison & Deeley 1965), these stages have been accounted for jointly.
The appearance of the tumour as well as radiation induced reactions in the 

bladder was noted in the posttherapeutic cystoscopies. Such reactions have been 
reported only in cases in which cystoscopically demonstrated teleangiectatic 
vessels were also present.

Angiography

On the basis of the findings on the “normal” side of the bladder wall assess
ments were made of the posttherapeutic angiograms of the “normal” bladder in 
this group and the pre- and posttherapeutic angiograms of the tumour side. An 
assessment was made of the number, width and tortuosity of the arteries in the 
tumour, bladder wall and its immediate surroundings in the arterial phase. The 
accumulation of contrast medium, the size of the tumour and the thickness and 
outer limits of the bladder wall in the capillary phase were assessed. The 
appearance of the veins was assessed and the circulation time was determined.

Arterial phase. The number of arteries was estimated subjectively. When the 
number was similar to that of the “normal” bladder walls, it was designated as 
ordinary. An increase in the number of arteries was graded as moderate or 
marked.

The width of the arteries was measured at the widest extravesical point in 
the bladder artery that could be identified with the highest degree of certainty. 
When the width was equal to, or less than, 1.5 mm, it was designated as 
ordinary. The width was said to have increased if it was more than 1.5 mm.

As in the experimental material (Fig. 4), tortuosity refers to an increase in 
the length of the vessels. This was appraised subjectively and was considered 
ordinary when it varied as in the “normal” material. An increase in the length 
of vessels was recorded as moderate or marked.

The term “tortuous vessels of varying calibre” has been applied to vessels which
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Table 8

Summary of the microscopic, bactériologie and clinical pretherapeutic findings

No. of cases

Grade of malignancy
1 5
2 24
3 24
4 3
Bactériologie findings
No bacteriuria 39
Bacteriuria 15
No examination performed 2
Staging according to T.N.M.
Tr-T2 20

t3 18
t4 18

were similar in appearance to those in the experimental material (Fig. 4 d). 
The presence of such vessels in the bladder wall, tumour, perivesical tissue and 
the site of cystoscopically demonstrated teleangiectases were noted.

Capillary phase. Using the findings in the “normal” material as a basis, 
increased accumulation of contrast medium both in the bladder and in the 
tumour have been graded as moderate or marked. The presence of contrast 
medium perivesically within the area containing tortuous vessels of varying 
calibre was also noted.

By the size of a tumour is meant the measured spread of a tissue mass in 
which tortuous vessels of varying calibre could be seen in the arterial phase 
and an accumulation of contrast medium in the capillary phase.

The thickness of the bladder wall was measured in the lateral convex portion 
of the bladder. The thickness of the wall was described as ordinary when it 
was equal to, or less than 5 mm. If the thickness ranged between 5 mm and 
10 mm, this was described as a moderate increase. The increase was described 
as marked when the values exceeded 10 mm.

A special note has also been made as to whether or not the bladder wall 
adjoining the tumours could be outlined against the perivesical tissue.

Venous phase. The appearance of the veins was appraised subjectively in the 
same manner described above for the arteries.

The time from the contrast filling of arteries in the tumour or bladder wall 
to the filling of veins in the same tumour or bladder wall was called the circula-
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Table 9

Pr ether apeutic angiographic findings in the “normal” bladder wall (14 cases), i.e. the nontumorous side of 
the bladder in cases with unilateral localization of papillary carcinoma.

Case
No.

Number
of
art.O

Width
of art. 
(mm)

Tortuos
ity2)

Tortuous
vessels of
varying
calibre3)

Accum. Thickness
of of bladder
contr. wall (mm) 
medium4

Veins5) CT6>
(s.)

Angio
graphic
method7)

8 _ 1.0 (+) 0 0 2 _ 9.0 1

10 - 1.5 ( + ) 0 0 2 - 9.0 1
19 (+) < 1.0 - 0 0 5 - 8.0 1

30 — < 1.0 — 0 0 5 — 7.0 1
31 — 1.0 — 0 0 1 — 12.0 4
33 — 1.0 — 0 0 2 — 7.5 2
36 — < 1.0 — 0 0 2 — 9.0 1

37 — 1.5 — 0 0 3 — 9.0 1

39 — 1.5 — 0 0 2 — 7.5 1
45 (+) 1.5 (+) 0 0 1 ( + ) 9.0 2
46 — 1.0 - 0 0 4 — 7.5 1
51 ( + ) 1.0 - 0 0 3 — 7.0 1

57 — < 1.0 - 0 0 2 — — 1
59 — 1.0 — 0 0 3 — 12.0 2

1) — number of arteries below average or in bladder wall
average 5) — width and tortuosity of veins below

( + ) number of arteries above average average or average
2) — tortuosity of arteries below average or (+) width and tortuosity of veins above average

average 6) — circulation time could not be determined
( + ) tortuosity of arteries above average 7) 1 nonselective examination using 2 catheters

3) 0 no tortuous vessels of varying calibre 2 ” ” ” one catheter
4) 0 no accumulation of contrast medium 4 selective and nonselective examination

tion time (Nilsson 1967). It has been described as ordinary when it ranged 
between 7 and 12 seconds as in the “normal” material. When a value under 7 
seconds was measured, the circulation time was described as shorter than usual.

Results
Pretherapeutic examinations

Microscopic, bactériologie and clinical findings

A summary of these findings is given in Table 8. The table shows that there 
were no cases of so called benign papilloma, nor of sarcoma. However, at the
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b
Fig. 13. (No. 30). Cystoscopy with palpation: broad-based 3 cm X 3 cm tumour on the left 
side of the bladder. Palpation revealed perivesical growth. Microscopy: undifferentiated 
carcinoma with infiltration of the lamina propria. Angiography, a) Arterial phase. The number 
of arteries in the left half of the bladder moderately increased compared to the arteries (i—>) 
in the right half, b) Venous phase. Veins (h—») filled on both sides. On the right side the 
bladder wall well defined, measuring 5 mm. The bladder wall adjacent to the tumour on the 
left side ( >) thickened, but well outlined against the perivesical tissue.
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time of the angiography there were no clinically verifiable tumours remaining 
in 6 cases in which segmental resections had been carried out 6 to 8 weeks 
before angiography. In 2 of these 6 cases the tumours were of grade 2 malignancy 
and in the remaining 4 cases they were of grade 3 malignancy. The tumours 
had been staged preoperatively as Ti—T2 in 4 cases and as T3 in 2 cases.

Angiographic findings

“Normal” bladder wall

Before irradiation a “normal” bladder wall was found in 14 cases.
Arteries. The number of arteries was judged to be about average in 3 cases 

(see Table 9), whilst in the remaining 11 cases it was judged to be average or 
less than average (Fig. 13 a). There was but slight variation in the tortuosity. 
The width of the arteries is shown in Table 9.
Accumulation of contrast medium. Definite contrast accumulation was not seen 
in any instance.

Thickness of the bladder wall. The thickness of the bladder wall ranged 
between 1 mm and 5 mm (Fig. 13 b) and averaged 3 mm. The wall could 
be outlined against the perivesical tissue in all cases.

Veins. As can be seen from Table 9 the variation in the width and tortuosity 
of the veins was very slight (Fig. 13 b). Contrast filling in the venous phase 
could not be seen in one case, and as a consequence the circulation time could 
not be determined. In the remaining cases the circulation time ranged between 
7 and 12 seconds.

Tumorous bladder wall

The pretherapeutic angiographic findings in 56 cases are summarized in Table
10.

Arteries. Fig. 14 illustrates the quantitative distribution of arteries in relative 
as well as absolute figures, both for the entire series and with the surgically 
treated cases excluded. It can be seen that cases with a marked increase in the 
number of arteries are predominant. In the cases with remaining tumours the 
frequency of arteries of ordinary and increased width was about the same, i.e. 
26 and 24 cases respectively. In one case the greatest measured width was 3 mm 
(No. 27).

The variation in the tortuosity of the arteries was similar to that of the number 
of arteries and, consequently, it has not been illustrated.

Tortuous vessels of varying calibre were observed in the tumours (Figs 15 b,
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Table 10

Pretherapeutic angiographic findings in the tumorous bladder wall {56 cases).

Number
of
art.1)

Width of Tortuos- 
art. (mm) ity2)

Tortuous Accum. Veins5)
vessels of of 
varying contr.
calibre3) medium4)

CT6>
(s.)

+ + 1.0 + + + + + + + 4.0
+ + 1.5 + + + + + 5.0

+ 2.0 + + + + + + 4.5
n < 1.0 n 0 0 n 7.0

+ + 2.0 + + + + + + + 5.0
+ + 2.0 + + + + + + 6.5
+ + 2.0 + + + + + 5.5

n 1.5 n 0 0 n 9.0
+ + 1.5 + + + + + + 4.5
+ + 2.0 + + + + + 7.0

n 1.0 n 0 0 n -
n 2.0 + + + n 9.0
n 2.0 + + + + + n 9.0

+ + 1.0 + + + n 6.0

+ + 2.0 + + -f + + 10,0

+ + < 1.0 + + + + + + + 4.0
n 2.0 + + + + + 7.0
+ < 1.0 n 0 0 n 8.0

n < 1.0 n 0 0 n -
n 1.0 + + + n 8.5

+ + 1.5 + + + + + 4.0
n 1.0 + 0 0 + 10.0

+ + 1.5 + + + + + + + 5.5
+ + 2.0 + + + + + + 6.5
+ + 1.5 + + + + + 5.0
+ + 3.0 + + + + + + 4.0
+ + 2.5 + + + + + 4.5
+ + 1.5 + + + + + + + 5.5

+ 1.0 + + + + + 4.5
+ + 1.5 + + + + + + 5.5
+ + 2.0 + + + + + + 3.5
+ + 2.0 + + + + + 4.5

+ < 1.0 + 0 0 n 9.0
+ 1.0 + + + + 5.0

+ + 1.0 + + + + n 9.0
+ + 2.0 + + + + n 9.0

+ < 1.0 + 0 0 n 7.5
+ + 1.5 + + + + + 8.0

+ + 2.0 + + + + + + + 4.0
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Table 10 (coni.)

Case
No.

Number
of
art.1)

Width of 
art. (mm)

Tortuos
ity2)

Tortuous
vessels of
varying
calibre3)

Accum.
of contr.
medium4)

Veins5) CT8>
(s.)

Angio
graphic
method7)

42 + 1.0 + + + + + 10.0 1
43 + + 1.0 + + + + + + 5-0 1
44 + + 2.0 + + + + + n 7.0 3
45 + + 1.5 + + + + + + + 4.5 2
46 n 1.0 + 0 0 n 8.5 1
47 + 1.0 + 0 0 + 7.5 4
48 + + 2.0 + + + + + + 8.0 3
49 + + 2.0 + + + + + 8.0 1

51 + + 2.0 + + + + + + 4.0 1

52 + + 2.0 + + + + + + + 5.5 1

53 + + 2.0 + + + + + + + 6.5 4
54 + + 1.0 + + + + + 8.0 4
55 + + 2.0 + + + + + 8.0 3
56 + + 2.0 + + + + + 6.0 2
57 + < 1.0 + 0 0 n 1

58 n 1.0 n 0 + + 5.0 3
59 n 1.0 + 0 0 n 12.0 3

1) n = ordinary number of arteries + = moderately widened and tortuous
+ = moderate increase in number 

+ + = marked ” ” ”
2) n = ordinary length of vessels 

+ = moderate increase in length
+ + = marked ” ” ”

3) 0 = no tortuous vessels of varying calibre 
+ = tortuous vessels of varying calibre

4) 0 = no accumulation of contrast medium 
+ = moderate increase in accumulation

+ + = marked ” ” ”
5) n = ordinary venous appearance

veins
+ + = markedly widened and tortuous veins

6) — = circulation time could not be deter
mined

7) 1 = nonselective examination using 2
catheters

2 = nonselective examination using one
catheter

3 = selective examination using one
catheter

4 = selective and nonselective examina
tion

16 b, 17 and 18 b), but also perivesically in 26 cases, in several of which they 
were seen far outside the bladder wall (Figs 15 b and 16 b). In the remaining 
24 cases such vessels could not be demonstrated in the perivesical tissue (Fig. 
19), but in 7 (Nos 19, 23, 35, 46, 47, 58 and 59) of these cases tortuous vessels 
of varying calibre were not observed at the site of the tumours either (Fig. 20). 

Accumulation of contrast medium. The distribution of the contrast accumula-
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tion is shown in Fig. 14. It can be seen that the increased accumulation of 
contrast medium was moderate just as often as it was marked (Figs 17 b and 
21a). The medium was not homogeneously distributed. As a rule, the accumula
tion was only moderately increased perivesically in cases where vessels of irregular 
tortuosity and varying calibre were visible in the perivesical tissue (Fig. 15 b). 
Besides in 6 cases operated upon, there was also no contrast accumulation in 6 

cases with remaining tumours (Fig. 14). Moreover, in the latter cases no tortuous 
vessels of varying calibre could be seen either.

Size of tumours. Besides in the 6 operated cases, there were also no angi- 
ographically demonstrable intravesical tumours in 7 other cases, in 6 of which 
one or more small papillary tumours were discovered cystosoopically and in one 
of which there was a diffusely infiltrative and partly ulcerative tumour (No. 
58). As determined by cystoscopy, the papillary tumours which had recurred 
in 4 of the cases after earlier electrocoagulation, were approximately 1 cm X 2 

cm in size. In 3 cases (Nos 15, 28 and 37) the bladder wall was deformed as 
a result of earlier operations, and in 2 of these cases the tumours were mainly
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b

Fig. 15. (No. 15). Cystoscopy with palpation: irregular oedematous bladder mucosa to the left 
in the bladder. Palpation revealed extravesical growth. Microscopy: poorly differentiated 
carcinoma. The degree of infiltration could not be assessed. Operation: explorative laparotomy 
revealed a malignant growth outside the bladder. Angiography, a) Arterial phase. Markedly 
increased number of tortuous arteries to the left outside of the bladder, b) Early capillary 
phase. Tortuous vessels of varying calibre (h-k>) perivesically more than 2 cm outside a 
deformed bladder wall. Moderate accumulation of contrast medium.

5—733211. Acta Radiol. Suppl. 328
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Fig. 16. (No. 38). Cystoscopy with palpation: irregular bladder mucosa and ulceration on the 
right side of the bladder wall. Palpation revealed tumour fixed to surrounding tissue. Needle 
biopsy: malignant cells in the prostate. Microscopy: moderately differentiated carcinoma with 
infiltration of the lamina propria. Angiography, a) Arterial phase. Markedly increased number 
of tortuous and irregularly widened arteries to the right in the perivesical tissue, b) Early 
capillary phase. Tortuous vessels of varying calibre (h-h>) far out in the perivesical tissue.

extravesical at angiography. In the third case the angiographic finding was an 
irregular thickening of the bladder wall, whereas a 3 cm X 3 cm tumour had 
been demonstrated cystoscopically.

According to the angiograms the tumours were diffusely disseminated uni
laterally or bilaterally within the bladder in 6 cases where they had been 
described on the basis of cystoscopy either as diffusely infiltrative tumours or as 
multiple tumours disseminated in the bladder wall.

In 34 cases angiography revealed more or less well defined tumours, but an 
exact determination of their size was often impossible, particularly in cases with 
extensive extravesical spread of the tumour (Fig. 17 b). The angiographically 
recorded sizes of the tumours ranged between 2 cm X 2 cm and 8 cm X 8 cm.

The angiographic and clinical findings differed in 2 cases where a tumour 
the size of a hazelnut was found at cystoscopy in the posterior wall of the bladder 
in one case (No. 49) and an irregular vesical mucosa at the site of the tumour 
in the other (No. 15), whilst the respective angiographic findings were a diffusely 
disseminated tumour throughout one side of the bladder and a disseminated 
extravesical tumour (Fig. 15 b).

Thickness of the bladder wall. In the 6 operated cases the bladder wall was 
either of ordinary thickness or, in one or 2 cases, moderately thickened. The 
same was also true of the 7 cases in which tortuous vessels of varying calibre 
or accumulation of contrast medium could not be seen. In these 7 cases the 
bladder wall could be outlined against the perivesical tissue (Fig. 20 b). In 3
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b

Fig. 17. (No. 53). Cystoscopy with palpation: large broad-based papillomatous tumour to the 
left in the bladder. Palpation revealed perivesical growth. Microscopy: moderately differentiated 
carcinoma with infiltration of the lamina propria. Angiography, a) Arterial phase. Markedly 
increased number of tortuous and irregularly widened vessels to the left, b) Capillary phase. 
Tortuous vessels of varying calibre and contrast accumulation at the site of the intravesical 
tumour, also in the perivesical tissue where the tumour extended diffusely.
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Fig. 18. (No. 17). Cystoscopy with palpation: slightly papillomatous mucosa with haemorrhages 
around the right ureteric ostium. No tumour perivesically on palpation. Microscopy: well 
differentiated carcinoma without infiltration. Angiography, a) Late arterial phase. Increased 
number of tortuous vessels of varying calibre at the site of the tumour to the right in the 
bladder^ also in the perivesical tissue, b) Late capillary phase. Tortuous vessels of varying 
calibre (m->) in the perivesical tissue. The bladder wall adjacent to the tumour not 
outlined. Moderate accumulation of contrast medium.
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Fig. 19. (No. 43). Cystoscopy with palpation: broad-based tumour to the right in the posterior 
portion of the bladder. Palpation revealed perivesical growth. Microscopy: poorly differentiated 
carcinoma with infiltration of the lamina propria. Angiography, a) Arterial phase. Moderately 
increased number of widened and tortuous arteries at the site of tumour to the right in the 
bladder. Tortuous vessels of varying calibre (i-h->) in the tumour, but not in the perivesical 
tissue, b) Capillary phase. The bladder wall adjacent to the base of the tumour deformed (—>), 
but outlined against the perivesical tissue.
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Fig. 20. (No. 47). Cystoscopy with palpation: 2 approximately 1 cm X 2 cm tumours above 
the left ureteric ostium. No extravesical growth could be palpated. Microscopy: moderately 
differentiated carcinoma with infiltration of the lamina propria and tunica muscularis. Needle 
biopsy: malignant cells in the prostate. Angiography, a) Arterial phase. Moderately increased 
number of tortuous vessels in the bladder wall, b) Capillary phase. The bladder wall deformed 
in the basal region and to the left, outlined perivesically (—>).

of these cases perivesical growths had been demonstrated microscopically, viz. 
a growth in a perivesical lymph node in one case (No. 35), discovered on 
operation, and a growth in the prostate in 2 cases (Nos 46 and 47), revealed 
by needle biopsy.

In the remaining 43 cases the bladder wall adjoining the tumours was often 
deformed and thickened; in 17 cases it could be outlined against the perivesical 
tissue (Figs 13 b and 19 b). In 3 of these cases palpation revealed perivesical 
growths at the time of the angiography, and also later on operation in 2 cases 
(Nos 2 and 30) and at autopsy in one case (No. 43). In an additional case 
(No. 36) a segmental resection was performed immediately after the angi
ography and a growth was demonstrated microscopically in a perivesical lymph 
node.

In 26 cases the bladder wall adjoining the tumours could not be outlined 
against the perivesical fat and in these cases tortuous vessels of varying calibre 
were seen perivesically. In 2 of these cases (Nos 1 and 17) it had not been 
possible to demonstrate perivesical growths clinically or microscopically at the 
time of the angiography.

Veins. The veins and circulation time were classified as ordinary in the 
surgically treated cases. Veins which were moderately or markedly (Fig. 21 b) 
widened and tortuous were filled with contrast medium in most cases involving
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Fig. 21. (No. 5). Cystoscopy with palpation: a 4 cm X 4 cm tumour to the right in the posterior 
portion of the bladder. No perivesical growth by palpation. Microscopy: moderately differen
tiated carcinoma with infiltration of the lamina propria. Angiography, a) Late arterial phase. 
Tortuous vessels of varying calibre in an intravesical tumour extending on the right side almost 
to the midline. Moderate contrast accumulation, b) Venous phase. The tumour is drained by 
evidently widened and tortuous veins ( h—» ).

tumours, i.e. in 27 and 12 cases respectively. The circulation time in these cases 
ranged between 3.5 and 10 seconds. In the remaining 11 cases the veins and 
circulation time were classified as ordinary (Fig. 14).

Correlation between angiographic findings, grade of malignancy and clinical
stage

Grade of malignancy. The distribution of the variable designating the number 
of arteries was entirely different in malignancy grades 2 and 3 than in grades 1 

and 4 (Fig. 22). Thus, cases with a marked increase in the number of arteries 
were predominant in the 2 first-mentioned grades of malignancy.

There was no correlation between the variation in the width of the arteries, 
which has not been illustrated, and the grade of malignancy of the tumours.

The distribution of the variable designating tortuosity in the different grades 
of malignancy was the same as the variable indicating the number of arteries.

Tortuous vessels of varying calibre were relatively more common in malignancy 
grades 2 and 3, but the distribution of this variable in the different grades of 
malignancy did not show a definite trend ( Fig. 22 ).

Cases with a circulation time shorter than usual were predominant in 
malignancy grades 2 and 3, and the distribution of this variable for the different
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Fig. 22. Pretherapeutic distribution of angiographic variables in relation to grades of malignancy 
(Gl—G4). Surgically treated cases excluded. The figures alongside the columns indicate the 
absolute frequencies. The symbols signify:
Number of arteries n ordinary, + moderately increased, + + markedly increased.
Tortuous vessels of varying calibre 0 not visible, + visible.
Accumulation of contrast medium 0 not visible, + moderately increased, + + markedly in
creased.
Circulation time n equal to or more than 7 seconds or the circulation time could not be de
termined, < n less than 7 seconds.

grades of malignancy was similar to the distribution of the number of arteries.
The variation in the accumulation of contrast medium was essentially the 

same for the different grades of malignancy, and no trend could be discerned.
Clinical stage of tumours. There was a distinct difference in the distribution 

of the number of arteries in stage T4 as compared with stages Ti—T2 and T3 

respectively (Fig. 23). There was a relative similarity in the distribution in the 
2 last-mentioned stages.

The variation in the width and tortuosity of the arteries did not follow a 
characteristic pattern. Although not as definite, the variable representing tortuous 
vessels of varying calibre showed a similar trend to that designating the number
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Fig. 23. Pretherapeutic distribution of angiographic variables in relation to clinical stages 
(Ti—T4). Surgically treated cases excluded. The figures alongside the columns indicate the 
absolute frequencies. The symbols signify:
Number of arteries n ordinary, + moderately increased, + + markedly increased.
Tortuous vessels of varying calibre 0 not visible, + visible.
Accumulation of contrast medium 0 not visible, + moderately increased, + + markedly in
creased.
Circulation time n equal to or more than 7 seconds or the circulation time could not be 
determined, <C n less than 7 seconds.

of arteries. The distribution of the variables representing the accumulation of 
contrast medium and the circulation time did not show any special trend in the 
different stages of tumour.

Posttherapeutic examinations

Microscopic, bactériologie and clinical findings

These findings are summarized in Table 11, which shows that cystoscopy 
either had not been performed or was incomplete in 3 cases during the period
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Table 11

Summary of posttherapeutic microscopic, bactériologie and clinical findings. A. Initially “normal” bladder 
wall (14 cases). B. Initially tumorous bladder wall (56 cases).

Time after irradiation
(months) 2-4 5-8 9-12 >12

A.
No. of patients 8 8 3 4
a.
b.

Tumour findings. No tumour
Bactériologie findings

8 8 3 4

No bacteriuria 7 8 3 4

c.
Bacteriuria
Post irradiation abnormalities at cystoscopy

1 0 0 0

No teleangiectases 8 4 2 3
Teleangiectases 0 4 1 1

B.
No.
a.

. of patients
Tumour findings

26 34 18 12

No tumour 15(5)- 16(5) 10(5) 7(1)

b.
Tumour
Bactériologie findings

11(7) 18(14) 8(7) 5(4)

No bacteriuria 17 26 14 10
Bacteriuria 7 2 2 1

c.
Exam, not performed
Post irradiation abnormalities at cystoscopy

2 6 2 1

No teleangiectases 22 23 10 4
Teleangiectases 1 9 8 6

1)

Exam, not performed or incomplete

Microscopically verified cases in brackets.

3 2 0 2

of time from 2 to 4 months after radiation therapy. In 2 cases (Nos 1 and 49) 
no tumour remained at the time of cystoscopy one month later, and in the third 
case ( No. 43 ) the findings on palpation were unchanged since the pretherapeutic 
examination and a tumour was also demonstrated later microscopically. The 
clinical examination revealed perivesical extension in 6 of the 11 cases with 
remaining tumours.

During the period of time from 5 to 8 months after irradiation the tumours 
were largely unchanged on palpation compared with the pretherapeutic examina
tions in the 2 cases (Nos 41 and 44) in which cystoscopy had not been performed, 
and the tumours were verified later microscopically. In 2 other cases (Nos 11 
and 57) microscopically verified recurrences of tumours developed after the
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Table 12

Summary of clinical, bactériologie and angiographic findings in initially “normal” bladder wall {14 cases).

Case Time Tele- Tu Uri NumberWidth Tor Tor Accum. Veins8) CT9)
No. after angi- mour2) nary of of tuos tuous of (s.)

irradia- ecta- cul art.4) art. ity5) vessels contr.
tion ses1) ture3) (mm) of medium7)
(months) varying

calibre6)

30 2 0 0 0 + 1.0 n 0 0 n 7.5
37 2 0 0 0 n 1.5 n 0 0 n 9.0
39 2 0 0 0 + 1.0 + 0 0 n 7.5
46 2 0 0 0 n 1.0 n 0 0 n 8.5
51 2 0 0 0 n 1.0 n 0 0 n 10.5
57 2 0 0 0 n 1.0 n 0 0 n 9.5
45 3 0 0 + n 1.5 n 0 0 n 10.0
36 4 0 0 0 n 1.0 n 0 0 n —

8 5 + 0 0 + 1.0 + 0 0 n —

10 5 0 0 0 + 1.5 + 0 0 n 11.5
31 5 + 0 0 + 1.0 n 0 0 n 10.0
33 5 + 0 0 n 1.0 n 0 0 n 8.0
19 6 + 0 0 + 1.0 + 0 0 n —

57 6 0 0 0 n 1.0 n 0 0 n 9.5
59 6 0 0 0 + 1.0 n 0 0 n 10.0
39 8 0 0 0 n 1.0 n 0 0 n 8.0
36 11 0 0 0 + 1.0 n 0 0 n 10.0
31 12 + 0 0 n 1.0 0 0 0 n 7.0
59 12 0 0 0 + 2.0 + 0 0 n 5.5
36 15 0 0 0 + 1.0 n 0 0 n 9.0
39 16 0 0 0 n 1.0 n 0 0 n 10.0
19 28 0 0 0 n 1.0 + 0 0 n —

31 45 + 0 0 + 1.0 + 0 0 n 7.5

1) 0 = no teleangiectases at cystoscopy 5) n = ordinary length of vessels
+ = teleangiectases + = moderate increase in length

2) 0 = no cystoscopically observed tumour 6) 0 = no tortuous vessels of varying calibre
3) 0 = less than 10000 bacteria per ml 7) 0 = no accumulation of contrast medium

+ = equal to or more than 10000 bacteria 8) n = ordinary veins
per ml 9) - = the circulation time could not be

4) n = ordinary number of arteries 
-T = moderate increase in numbei

determined
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pretherapeutic examination in one instance and after the preceding examination 
in the other. Perivesical growth was demonstrated clinically in 7 out of 18 cases 
with remaining tumours.

In one case (No. 3) the tumour had regressed cystoscopically 9 to 12 months 
after irradiation compared with earlier examinations, and, furthermore, it could 
not be demonstrated later at autopsy. In one case (No. 17) the clinical examina
tion suggested a recurrence of the tumour and this was later confirmed micro
scopically at operation. The clinical findings indicated perivesical extension in 2 
out of 8 cases with remaining tumours.

Cystoscopy was not performed in 2 cases during the period of time exceeding 
12 months after irradiation (Table 11). In one case (No. 12) later cystoscopy 
and microscopy failed to show any recurrences of tumours. In the second case 
(No. 20) a large, hard infiltrate extending from one pelvic wall to the other was 
found on palpation and a needle biopsy showed a recurrence of the patient’s 
earlier carcinoma of the bladder. In an additional 3 cases (Nos 4, 35 and 39) 
microscopically verified recurrences of tumours had developed after earlier 
examinations. In 4 cases with microscopically verified tumours, the clinical 
findings indicated perivesical extension.

Angiographic findings

Initially “normal” bladder wall

Clinical, bactériologie and angiographic findings from 23 examinations in 14 
cases carried out at different times are summarized in Table 12.

Arteries. No appreciable change in the distribution of the number and 
tortuosity of the arteries at different times following irradiation could be demon
strated (Fig. 24). An increase in the number of arteries was found in most cases 
of reactions following irradiation with teleangiectases. With the exception of 
one case (No. 59), the arteries were of ordinary width at all times of examina
tion. Tortuous vessels of varying calibre were not found in any cases.

Accumulation of contrast medium in the bladder wall had not appeared in 
any of the cases after the pretherapeutic examination, nor could it be demon
strated in later examinations.

Thickness of the bladder wall varied to a very slight degree. A moderate 
increase in the thickness of the bladder wall could be demonstrated in 3 cases 
(Nos 10, 31 and 59) at different periods of time. A reaction with teleangiectases 
had been demonstrated in one of these cases (No. 31). In all cases the bladder 
wall could be outlined against the perivesical tissue.

Veins. Changes in the circulation time could not be demonstrated, as a rule
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Fig. 24. Postterapeutic distribution of angiographic variables in the initially “normal” bladder 
wall (14 cases). A, B, G and D designate the respective times of examination 2—4 months. 
5—8 months, 9—12 months and more than 12 months after irradiation. The figures alongside 
the columns indicate the absolute frequencies. The symbols signify:
Number of arteries n ordinary, + moderately increased.
Tortuosity n ordinary length of vessels, + moderately increased length of vessels.
Circulation time n equal to or more than 7 seconds or the circulation time could not be de
termined, <C n less than 7 seconds.

(Fig. 24). Only in one case (No. 59), in which there was an increase in the 
number of widened and tortuous arteries, was the circulation time shorter than 
usual.

Initially tumorous bladder wall

The posttherapeutic angiographic findings in 56 cases are summarized in 
Table 13.

2—4 months after irradiation

Arteries. The distribution of the number of arteries in 15 cases with no 
remaining tumours is shown in Fig. 25. In 13 cases with a moderate or marked
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Table 13

Summary of posttherapeutic clinical, microscopic, bactériologie and angiographic findings in initially tumorous
bladder walls (56 cases).

Case
No.

Time Tele- 
after angi-
irradia- ecta-
tion sesd
(months)

Tu
mour2^

Uri
nary
cu -
ture3)

NumberWidth
of of
art.4) art.

(mm)

Tor
tuos
ity5)

Tor
tuous
vessels 
of vary
ing ca- 
ibre6)

Accum. Veins8)
of
contr.
medium7)

CT»)
(s.)

1 2 0 0 n < 1.0 n 0 0 n 11.5
3 2 0 + 0 + + 1.5 + + + + + 4.5
9 2 0 + 0 + 1.5 + + 0 n 7.0

14 2 0 0 0 + + 1.5 + + + 0 + + 5.0
25 2 0 0 0 + + 2.0 + + ■ + n 6.5
28 2 0 0 + + 2.0 + 0 0 n 6.5
29 2 0 0 + + + 1.5 + + + 0 + + 5.5
30 2 0 + 0 + 1.5 n + + n 7.5
32 2 0 + 0 + + < 1.0 + + + 0 + + 4.5
37 2 0 + 0 + 1.5 + + + n 9.0
39 2 0 0 0 + 1.0 + 0 0 n 6.5
42 2 0 0 0 + + 2.0 + + + 0 n 8.0
43 2 - + 0 + < 1.0 + 0 0 n -
46 2 0 0 0 + < 1.0 + 0 0 n 8.5
49 2 - 0 0 + 2.0 + + + n 9.0
51 2 0 + 0 + 1.5 + + + + + + 9.5
57 2 0 0 0 n 1.0 n 0 0 n 9.0
12 3 0 0 0 + 2.0 + 0 0 n 9.5
45 3 0 0 + + 1.5 + 0 0 + 10.0
48 3 0 + 0 + + 2.0 + + 0 + 8.5
20 4 0 0 + + 2.0 + 0 0 + 4.0
23 4 0 + + + < 1.0 + 0 0 + 6.0
36 4 0 0 - + 1.0 + 0 0 + 5.5
47 4 0 + - + 1.5 + + 0 n 11.5
52 4 0 + + + < 1.0 + + + + 4.5
58 4 + 0 + + + 2.0 + 0 + + + 7.0

2 5 0 + 0 + < 1.0 + - 0 n 9.0
8 5 + 0 0 + 1.0 + 0 0 n -

10 5 0 0 0 + 2.5 + 0 0 n 4.5
11 5 0 + 0 + + 2.0 + + + 0 + + 5.5
12 5 0 0 0 n < 1.0 n 0 0 n 9.5
15 5 0 + 0 + < 1.0 + 0 0 n 8.0
18 5 + 0 0 + 1.0 + 0 0 + + 6.5
22 5 0 0 - n < 1.0 n 0 0 n 9.5
24 5 0 + 0 + + 2.0 + + + + 6.0
26 5 0 + 0 + + 1.5 + 0 0 + 9.0
31 5 + 0 - + 1.0 + 0 0 + 7.5



33
35
40
41
53
55
56

7
16
19
21
27
44
57
59

3
5

23
32
58
17
39
52

3
25
27
38
40
56

2
29
35

7
36
53

6
17
18
31
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Table 13 (coni.)

Time Tele
after angi-
irradia- ecta-
tion ses1!
(months)

Tu
mour2)

Uri
nary
cul
ture3)

Number Width
of of
art.4) art.

(mm)

Tor
tuos
ity5)

Tor- Accum. Veins8)
tuous of
vessels of contr. 
varying medium7) 
calibre6)

CT9>
(s.)

5 + 0 0 + 1.0 n 0 0 n 8.0
5 + 0 0 n < 1.0 n 0 0 n —
5 0 + 0 + < 1.0 + 0 0 n 9.0
5 - + 0 + 2.0 + + + + + 4.5
5 0 + 0 + < 1.0 + + 0 n 7.0
5 0 + 0 + + 2.0 + + + 0 n 8.0
5 0 0 0 + + 1.0 + + + 0 + 4.5
6 + + 0 + + 2.0 + + 0 n 7.5
6 0 + 0 n 1.0 n 0 0 n 8.0
6 0 0 0 + 1.0 n 0 0 n —
6 0 0 — n 1.0 n 0 0 + 8.5
6 0 + - + 1.0 + + 0 + 8.0
6 - + + + 2.0 + + + n 10.0
6 0 + 0 n 1.0 n 0 0 n 9.0
6 + + — + < 1.0 n 0 0 n 10.0
7 0 + 0 + + 1.5 + + + + + + 4.0
7 0 0 - + + 1.0 + + + 0 + + 4.5
7 0 + 0 n < 1.0 n 0 0 n 8.5
7 0 + 0 + + 2.0 + + + + + + + 3.5
7 + 0 0 + + 2.0 + 0 0 + 6.0
8 + 0 0 + 1.0 n 0 0 n 8.0
8 0 0 0 n 1.0 n 0 0 n 8.0
8 0 0 + + 1.5 + + 0 n 9.0
9 0 0 0 + + 1.5 + + + + + 5.5
9 + 0 0 n 1.5 n 0 0 + 8.0
9 0 + 0 + 1.0 + + + 0 n 12.0
9 0 + 0 + 2.0 + + + 0 n 10.0
9 + + - + + < 1.0 + + + n 10.0
9 + 0 0 + 1.0 + + 0 n 7.0
10 0 + + + 2.0 + + + + 8.0
10 0 0 + + + 2.0 + + 0 n 10.0
10 + 0 - n < 1.0 n 0 0 n -
11 + + 0 + + 1.5 + + + 0 + 7.0
11 0 0 0 n 1.0 n 0 0 n —
11 0 + 0 + < 1.0 n 0 0 n 7.0
12 0 0 0 + + 1.0 + + + + n 9.0
12 + 0 0 + + 2.0 + + + 0 n 10.0
12 + 0 0 + 2.0 + 0 0 + + 7.0
12 + 0 0 n 1.0 n 0 0 n 6.5
12 0 + 0 + 1.0 + 0 0 n 8.0
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Table 13 (cont.)

Case
No.

Time Tele- 
after angi-
irradia- ecta-
tion ses1)
(months)

Tu- Uri-
mour2) nary 

cul
ture3)

Number Width
of of
art.4) art.

(mm)

Tor
tuos
ity5)

Tor- Accum. Veins8) CT9)
tuous of (s.)
vessels ofcontr. 
varying medium7) 
calibre6)

59 12 0 + 0 + 2.0 + 0 0 n 5.5
36 15 0 0 0 n 2.0 n 0 0 n 10.0
39 16 0 + 0 n 1.0 n 0 0 n 10.0
38 17 0 + 0 + 2.0 + + + 0 n 7.0
12 18 — 0 0 n < 1.0 n 0 0 n 4.0
35 22 + + 0 + 3.0 + 4- + n 8.5

4 24 + + 0 + + 1.0 + + 0 + + 5.5
18 24 + 0 0 + 1.5 n 0 0 n 8.0
52 27 + 0 + + + 2.0 + + + 0 n -
19 28 0 0 0 n 1.0 n 0 0 n -

6 30 + 0 0 + 1.0 + + + n 9.0
31 45 + 0 - + 1.0 + + 0 n 7.5
20 7 years — + 0 + 2.0 + + + n 4.5

3)

4)

0 = no teleangiectases at cystoscopy 5)
+ = teleangiectases
— = exam, not performed or incomplete
0 = no tumour at cystoscopy nor micro- 6) 

scopically
+ = clinically, cytologically or micro- 7) 

scopically demonstrated tumour 
0 = no bacterial growth

+ = bacterial growth 8)
— = exam, not perfcrmed
n = ordinary number of arteries 
+ = moderate increase in number 9)

+ + = marked ” ” ”

n = ordinary length of vessels 
-j- — moderate increase in length 

+ + = marked ” ” ”
0 = no tortuous vessels of varying calibre 

+ = tortuous vessels of varying calibre 
0 = no accumulation of contrast medium 

+ = moderate increase in accumulation 
+ + = marked ” ” ”

n = ordinary venous appearance 
+ = moderately widened and tortuous veins 
-j- + = markedly ” ” ” ”

— = circulation time could not be deter
mined

increase in the number of arteries, there was no, or only slight, change in the 
number of arteries since the time of the pretherapeutic examination. In the 2 
cases (Nos 1 and 57) in which the number of arteries was classified as ordinary, 
a total angiographic regression had occurred in one, and in the other the tumour 
had been removed operatively prior to the pretherapeutic angiography. Tortuous 
vessels of varying calibre were filled with contrast medium in 5 cases (Fig. 25).

The number of arteries was increased in all 11 cases with clinically or micro
scopically verified remaining tumours (Fig. 26). In most cases, however, the 
number of arteries had decreased after the pretherapeutic examination and
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Fig. 25. Posttherapeutic distribution of angiographic variables in cases without clinically or 
microscopically verified tumours. A, B, C and D designate the respective times of examination 
2—4 months, 5—8 months, 9—12 months and more than 12 months after irradiation. The 
figures alsongside the columns indicate the absolute frequencies. The symbols signify:
Number of arteries n ordinary, + moderately increased, + + markedly increased.
Tortuous vessels of varying calibre 0 not visible, + visible.
Accumulation of contrast medium 0 not visible, + moderately increased, + + markedly in
creased.
Circulation time n equal to or more than 7 seconds or the circulation time could not be de
termined, < n less than 7 seconds.

tortuous vessels of varying calibre could not be demonstrated in 2 of these cases 
(Fig. 27). In cases where a marked increase persisted (Nos 3, 32 and 48), the 
vascularisation was similar on both sides of the bladder (Figs 28 c, d).

Accumulation of contrast medium. The accumulation of contrast medium 
persisted only in 3 of the 15 cases without remaining tumours (Fig. 25). In 2 
cases (Nos 49 and 58) it was visible bilaterally in the bladder, one (No. 58) 
had bacteriuria.

The distribution of contrast medium accumulation in 11 cases with clinically 
and microscopically verified remaining tumours is shown in Fig. 26.
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Tortuous vessels of varying calibre 0 not visible, + visible.
Accumulation of contrast medium 0 not visible, + moderately increased, + + markedly in
creased.
Circulation time n equal to or more than 7 seconds or the circulation time could not be de
termined, < n less than 7 seconds.

Size of tumours. No intravesical tumours were observed angiographically in 
any of the 15 cases in which such tumours had not been demonstrated clinically 
or microscopically.

In 3 out of 11 cases (Nos 9, 23 and 43) with remaining tumours no extramural 
tumour was seen angiographically, but in one of these cases (No. 23) no 
tumour had been demonstrated pretherapeutically either. In the remaining 8 
cases the size of the tumours was either unchanged or had decreased since the 
pretherapeutic examination, but small, local protuberant masses were visible.

Thickness of the bladder wall. Thickening of the bladder wall could not be 
demonstrated angiographically in 7 out of 15 cases without remaining tumours
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Fig. 27. (No. 43). Same case as in Fig. 19, 2 months after irradiation. Cystoscopy with palpa
tion: marked regression of earlier tumour, but the bladder wall still seemed to be infiltrated. 
Perivesical growth not excluded by palpation. Autopsy 4 months after angiography: evidently 
thickened bladder wall. Microscopy: undifferentiated carcinoma. Angiography, a) Arterial 
phase, b) Capillary phase. Compared to the pretherapeutic examination (Fig. 19), the number 
of arteries had decreased: now only moderately increased (l—>). Neither contrast accumula
tion nor intravesical tumour visible. The bladder wall (—>) outlined and slightly thickened.

on clinical or microscopic examination. In 3 of these 7 cases the tumours had 
been removed surgically before irradiation. In the remaining 8 cases there 
was moderate or marked thickening of the bladder wall, in 5 cases on both 
sides of the bladder. In one case (No. 25) the bladder wall could not be outlined 
against the perivesical tissue.

In 11 cases with remaining tumours thickening of the wall could be demon
strated angiographically either in cases where an intravesical tumour had 
regressed (Fig. 27 b) or, also, in cases where the tumour had not been demon
strated in the pretherapeutic angiographic examination (Nos 23 and 47). In 
one of the latter cases (No. 47) the bladder wall could not now be outlined 
against the perivesical tissue with absolute certainty. Nor could the outer side 
of the bladder wall be defined in 4 out of 6 cases (Nos 37, 48, 51 and 52) 
with angiographically demonstrated intravesical tumours.

Veins. The circulation time was classified as ordinary in 7 out of 15 cases 
(Fig. 25). In one case it could not be determined. In these cases a smaller 
number of widened and tortuous veins was seen than in the pretherapeutic 
examination. In 4 of the cases in which the circulation time was shorter than 
usual, bacteriuria was present.

The distribution of the circulation time was essentially similar also in cases 
with clinically and microscopically verified remaining tumours (Fig. 26).
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Fig. 28. (No. 32). The same case pretherapeutically and 2 months after irradiation. The 
pretherapeutic angiography revealed a tumour, microscopically moderately differentiated and 
fixed to the pelvic wall on palpation. Cystoscopy 2 months after irradiation: irregularities in the 
bladder wall at the site of the earlier tumour, bladder fixed on palpation. Angiography before 
irradiation, a) Arterial phase, b) Capillary phase. Markedly increased number of tortuous
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Fig. 28. (Continued)
vessels of varying calibre in the tumour as well as in the perivesical tissue. The bladder wall 
adjacent to the tumour not outlined. Angiography 2 months after irradiation, c) Arterial phase, 
d) Capillary phase. Markedly increased number of tortuous arteries (i—»), with irregular 
variations in calibre, on both sides of as well as outside, the bladder wall. A deformed bladder 
wall and a small protuberant mass (—> ) on the left side.
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Fig. 29. (No. 5). Same case as in Fig. 21, 7 months after irradiation. Cystoscopy with palpation: 
irregularity in the bladder wall at the site of the earlier tumour. Autopsy 2 months after angio
graphy: haemorrhagic ulcerative cystitis but no tumour. Angiography, a) Arterial phase, b) 
Early venous phase. The earlier tumour to the right in the bladder has regressed completely. 
Evidently increased number of tortuous arteries, some varying in calibre, on both sides of the 
bladder. The bladder wall outlined on both sides against the perivesical tissue.
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5—8 months after irradiation

Arteries. The distribution of the number of arteries in 16 cases without 
verified remaining tumours is shown in Fig. 25. In 5 of the 8 cases in which 
the number of arteries was assessed as moderately increased, the vascularity was 
similar on both sides of the bladder, and in these cases teleangiectases had been 
observed cystoscopically.

In 2 of the 3 cases (Nos 5, 52 and 56) with tortuous vessels of varying calibre, 
bacteriuria was present in one instance (No. 52) and, in the other (Fig. 29), 
haemorrhagic ulcerative cystitis after irradiation at autopsy 2 months after 
angiography.

The distribution of the number of arteries in 18 cases with remaining tumours 
was similar to the distribution in cases without remaining tumours (Fig. 26). 
In one of the cases with ordinary arteries (No. 57) a microscopically verified 
recurrence of the tumour had developed. In the second case with a micro
scopically verified recurrent tumour (No. 11) the arteries had increased in 
number and tortuosity since the pretherapeutic examination (Fig. 30 a—d). 
There were also tortuous vessels of varying calibre and such vessels could also 
be demonstrated in an additional 10 cases.

Accumulation of contrast medium. Contrast accumulation could not be 
demonstrated in 16 cases without remaining tumours (Fig. 25) usually nor in 
cases with remaining tumours. However, accumulation could be demonstrated 
in 5 cases (Fig. 26) with intravesical tumours. In cases with microscopically 
verified recurrences of tumours no accumulation of contrast medium could be 
observed.

Size of tumours. Small protuberant masses were observed angiograpically only 
in one out of 16 cases (No. 56) without remaining tumours on clinical examina
tion.

Either definable intravesical tumours or irregular, local thickening of the wall 
could be demonstrated angiographically in 9 out of 18 cases with clinically or 
microscopically verified tumours. Among these 9 there was one case with verified 
recurrence of the tumour (Fig. 30). No extramural tumour could be observed 
angiographically in the remaining 9 cases, and hence not in the second case with 
verified recurrence of the tumour (No. 57 ).

Thickness of the bladder wall. In 7 out of 16 cases without remaining tumours 
thickening of the bladder wall could be demonstrated, but not in the remaning 
9 cases. In 2 of these 7 cases (Nos 52 and 56) the thickening of the wall occurred 
mainly on the tumour side, and in these cases tortuous vessels of varying calibre 
were also filled with contrast medium. In one of these 2 cases (No. 56) the 
outer side of the bladder wall was not outlined.
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Fig. 30. (No. 11). The same case before and 5 months after irradiation. A cystotomy and 
electrocoagulation of microscopically poorly differentiated tumours in the roof and posterior 
portion of the bladder performed 6 weeks before the pretherapeutic angiography. Cystoscopy 
following irradiation: ulceration on both sides of the bladder. Recurrence of the earlier carci
noma verified microscopically. Angiography before irradiation, a) Arterial phase, b) Capillary
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Fig. 30. (Continued)
phase. Ordinary number and appearance of arteries. No accumulation of contrast medium. 
Bladder wall outlined against perivesical tissue. Angiography after irradiation, c) Arterial phase, 
d) Capillary phase. Evidently increased number of tortuous arteries of varying calibre ( h-h> ) 
on both sides of, as well as outside, the bladder wall. Polypous tumour ( —» ) to the right in 
the base of the bladder: a recurrence thus demonstrated angiographically.
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Fig. 31. (No. 17). Same case as in Fig. 18, 12 months after irradiation. Cystoscopy with palpa
tion: a small ulceration in the upper right-hand portion of the bladder wall. No tumour pal
pated. Later cystoscopic examinations revealed abundance of teleangiectases throughout the 
bladder, but no certain tumour. Microscopy: a series of biopsies performed and recurrence of 
tumour to the left in the upper portion of the bladder demonstrated one year after this angio
graphy. Angiography (bilateral selective). Moderately increased number of vessels with irregular 
variations in calibre on both sides. Left side, a) Arterial phase, b) Late arterial phase. Ir
regularly widened and tortuous vessels ( o—> ) in the roof of the bladder at the site of the cysto- 
scopically observed teleangiectases.

In 5 out of 18 cases with remaining tumours or recurrences of tumours the 
bladder wall was of ordinary thickness. Included in these 5 cases was one (No. 
57) with a microscopically verified recurrence of the tumour. Moderate thick
ening of the bladder wall could be demonstrated unilaterally or bilaterally in 
4 cases. In the remaining 9 cases with more or less well defined tumours the 
bladder wall das deformed and its outer side could not be outlined in 5 cases.

Veins. Moderately or markedly widened and tortuous veins were filled with 
contrast medium in 6 out of 16 cases without remaining tumours. In 3 of these 
cases (Nos 18, 31 and 58) teleangiectases had been observed at cystoscopy.

The proportion of cases with widened and tortuous veins was the same also in 
cases with remaining tumours. In one case with a recurrence of the tumour 
(No. 11 ) widened veins and a shorter circulation time than usual had appeared. 
The distribution was similar in both groups in regard to circulation time (Figs 
25, 26).

9—12 months after irradiation

Arteries. For the distribution of the number of arteries in 10 cases without 
remaining tumours, see Fig. 25. Teleangiectases had been observed at cystoscopy
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Fig. 32. (No. 40). The same case examined 5 and 9 months after irradiation. On cystoscopic 
examination 5 months after irradiation a small tumour detected above left ureteric ostium un
changed 9 months after irradiation and then verified microspopically. Palpation revealed no 
extravesical growth. Angiography 5 month after irradition: a) Arterial phase, b) Capillary 
phase. Moderately increased number of arteries on the left side of the bladder, but no abnormal 
vessels. The bladder wall outlined against the perivesical tissue (—»). Angiography 9 months 
after irradiation, c) Arterial phase, d) Capillary phase. The number of vessels had increased 
since the preceding examination, and tortuous vessels of varying calibre now visible ( hh-> ). A 
small tumour (—>) protruded into the bladder on the left side. The bladder wall adjacent to 
the tumour not outlined against the perivesical tissue.

both in cases with an ordinary number of arteries and in cases with an increased 
number. In one case (No. 17), tortuous vessels of varying calibre were observed 
on one side and the roof of the bladder in the area where teleangiectases had 
been found at cystoscopy (Fig. 31 b). Vessels of similar appearance were also 
noted in an additional 4 cases (Nos 3, 6, 29 and 56). In one of these (No. 3), 
the tumour had disappeared since earlier examination, but vesical concretions 
had occurred. In one other of these 4 cases (No. 29) bacteriuria was detected.

The distribution of the number of arteries in 8 cases with remaining tumours
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is shown in Fig. 26. Tortuous vessels of varying calibre were filled with contrast 
medium in 4 cases and had occurred in one of these cases (No. 40) since earlier 
examinations when a tumour had been observed at cystoscopy and verified 
microscopically (Fig. 32).

Accumulation of contrast medium. Contrast medium accumulation could only 
be demonstrated in 2 out of 10 cases without remaining tumours (Fig. 25). In 
one of these cases (No. 3 ) contrast accumulation was observed bilaterally.

In the 2 cases (Nos 2 and 40) with remaining tumours in which accumulation 
of contrast medium was visible, this had appeared since earlier examinations.

Size of tumours. In 3 out of 10 cases (Nos 6, 17 and 56) without remaining 
tumours, small protuberant masses were observed in the bladder angiographically. 
In one of these cases (No. 17) they had developed since earlier examination. In 
the remaining 7 cases extramural tumours could not be demonstrated angi
ographically.

Extramural tumours were not observed angiographically in 3 out of 8 cases 
(Nos 53, 54 and 59) with remaining tumours, but had developed in 2 cases 
(Nos 2 and 40) since earlier examinations. More or less well defined intravesical 
tumours were observed in the remaining cases.

Thickness of the bladder wall. The thickness of the bladder wall was moder
ately or markedly increased in 7 out of 10 cases, and, in 2 of these 7 cases (Nos 
6 and 56), could not be outlined against the perivesical tissue.

In 3 out of 8 cases with remaining tumours the bladder wall was classified 
as ordinary, whereas in the remaining cases it was moderately or markedly 
thickened and deformed adjacent to the tumours. In 3 cases the outer limit of 
the bladder wall could not be defined.

Veins. Widened and tortuous veins were filled with contrast medium in 3 
out of 10 cases without remaining tumours (Nos 3, 18 and 25). The circulation 
time was classified as shorter than ordinary in one case (No. 3) in which 
vesical concretions had been observed at cystoscopy. In both of the 2 remaining 
cases radiation induced changes with teleangiectases had been demonstrated.

The circulation time in cases with remaining tumours displayed a distribution 
similar to that in cases without tumours (Fig. 26).

More than 12 months after irradiation

Arteries. The distribution of the number of arteries in cases without tumours 
and in cases with remaining tumours or recurrent tumours is illustrated in Figs 
25 and 26. In 3 cases without remaining tumours clinically (Nos 6, 18 and 31), 
in which the number of arteries was moderately increased, teleangiectases had 
been demonstrated. Tortuous vessels of varying calibre were filled with contrast
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Fig. 33. (No. 31). Cystoscopy with palpation: 45 months after irradiation: no tumour observed, 
but an abundance of teleangiectases throughout the bladder. A cytologic examination of the 
urine revealed radiation induced cellular atypisms. Angiography, a) Arterial phase (nonselective 
examination), b) Capillary phase (selective examination). Moderately increased number of 
tortuous arteries (l—>) in the bladder wall. Tortuous vessels of varying calibre at the site of 
cystoscopically demonstrated teleangiectases (<>->) to the left in the base of the bladder. Similar 
vessels also outside the bladder.
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Fig. 34. (No. 20). The same case examined 4 months and 7 years after irradiation. Cystoscopy 
revealed no abnormalities in the bladder 4 months after irradiation. Palpation 7 years after 
irradiation revealed a large infiltrate which fixed the bladder to the pelvis on both sides. Cyto
logic findings: examinations of the urine and of needle biopsy specimens from the infiltrate 
revealed malignant cells. Angiography 4 months after irradiation, a) Arterial phase, b) Capil
lary phase. Moderately increased number of tortuous arteries throughout the bladder. No 
contrast accumulation, the bladder wall outlined against the perivesical tissue. Angiography 
7 years after irradiation, c) Arterial phase, d) Capillary phase. Tortuous vessels of varying 
calibre (h-k>) on both sides of the bladder and a small protuberant mass ( ») to the left.
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Fig. 34. (For legend see opposite page.)



96

Number of 
arteries

100~

Tortuous vessels 
of varying 
calibre so

G I

I ^

A B C D

II

G 3 G 4

«

□=n

■ = ++

□= o

100t

Accumulation [ 

of contrast 
medium 50

Circulation

time

o

□=0

□ =n 
■=<n

Fig. 35. Posttherapeutic distribution of angiographic variables in relation to grades of malig
nancy (Gl—G4). Surgically treated cases excluded. A, B, C and D designate the respective 
times of examination 2—4 months, 5—8 months, 9—42 months and more than 12 months after 
irradiation. An unfilled column left open at top indicates that the number of observations was 
0. The symbols signify:
Number of arteries n ordinary, + moderately increased, + + markedly increased.
Tortuous vessels of varying calibre 0 not visible, + visible.
Accumulation of contrast medium 0 not visible, + moderately increased, + + markedly in
creased.
Circulation time n equal to or more than 7 seconds or the circulation time could not be deter
mined, < n less than 7 seconds.

medium in 2 of these cases (Nos 6 and 31) and were observed in one instance 
at the site of a local protuberant mass in the bladder and, in the other (No. 31 ), 
at the site of cystoscopically observed teleangiectases (Fig. 33 b). In an additional 
case with bacteriuria, in which a marked increase in the number of arteries had 
occurred bilaterally (No. 52), tortuous vessels of varying calibre were visible.

The number of arteries was classified as ordinary in one case with a micro
scopically verified recurrence of the tumour (No. 39). In the remaining 4 cases, 
3 of which had verified recurrences of tumours, there was a moderate or marked
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Fig. 36. Posttherapeutic distribution of angiographic variables in relation to clinical stages 
(Ti—T4). Surgically treated cases excluded. A, B, G and D designate the respective times ol 
examination 2—4 months, 5—8 months, 9—12 months and more than 12 months after ir
radiation. The symbols signify:
Number of arteries n ordinary, + moderately increased, + + markedly increased.
Tortuous vessels of varying calibre 0 not visible, + visible.
Accumulation of contrast medium 0 not visible, + moderately increased, + + markedly in
creased.
Circulation time n equal to or more than 7 seconds or the circulation time could not be deter
mined, < less than 7 seconds.

increase in the number of arteries, and tortuous vessels of varying calibre were 
filled with contrast medium (Fig. 34 c).

Accumulation of contrast medium. Contrast accumulation could be demon
strated in one case (No. 6) without clinical indications of a tumour. In this 
case a local protuberant mass was visible ( Fig. 25 ).

In 2 cases (Nos 20 and 35) with microscopically verified recurrences of 
tumours contrast accumulation had appeared, but not in the remaining cases.

Size of tumours. Besides in one case (No. 6) without a clinically demon
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strated tumour, small local protuberant masses were visible in the bladder in 3 
out of 4 cases with microscopically verified recurrences of tumours (Fig. 34 d).

Thickness of the bladder wall. Marked thickening of the bladder wall could 
be demonstrated in 2 cases (Nos 6 and 52) without tumours clinically.

The bladder wall was classified as ordinary in one case with a recurrence of 
the tumour (No. 39), but was markedly thickened in 3 other cases with micro
scopically verified recurrences of tumours, and in 2 of the cases its outer limit 
could not be defined. The same was true of the remaining case (No. 38), in 
which the thickening of the wall was mainly unilateral.

Veins. In the venous phase the contrast filling was very slight and the veins 
remained unchanged. Only in 2 cases (Nos 4 and 20) with verified recurrences 
of tumours was the width of the veins increased, and the circulation time was 
shorter than usual.

Correlation between angiographic findings, grade of malignancy and clinical
stage

Grade of malignancy. The distribution of the number of arteries exhibited 
no special characteristic in relation to malignancy grades 1, 2 and 3 at different 
times after irradiation (Fig. 35). The observations involving malignancy grades 
1 and 4 were consistently too few in number to permit comparison.

The tortuosity of the arteries showed the same variation as the number of 
arteries also post irradiation.

The variable representing tortuous vessels of varying calibre showed no clear 
tendency in any grade of malignancy.

The situation was the same with the variables representing circulation time 
and contrast accumulation, in which connection the number of cases with ordi
nary circulation times and cases without contrast accumulation were pre
dominant throughout.

Clinical stage of tumours. The number of arteries exhibited a relatively similar 
development after irradiation both within and between the different stages of 
the tumours, and there was a preponderance of cases with moderately and 
markedly increased numbers of arteries (Fig. 36).

The same tendency could also be seen in regard to the tortuosity of the 
arteries. Nor did the distribution of tortuous vessels of varying calibre deviate 
from this pattern.

The circulation time and the accumulation of contrast medium varied in 
much the same manner in all stages of tumours, and cases with an ordinary 
circulation time and without demonstrable accumulation of the contrast medium 
were predominant throughout.



DISCUSSION

Pretherapeutic examinations
Angiographic methods

The advantages and disadvantages of the different angiographic methods 
have been discussed earlier. Bücheler & Thurn (1964) and Vogler (1969) 
preferred the nonselective method using one catheter. They considered this 
method to be the easiest and most lenient to the patient, but overprojection of 
the intestinal vessels might occur. In the present material this has occurred only 
in a few of the cases in which oblique projections were used. Overprojection of 
the vessels from the external iliac artery also occurred in such cases.

The selective method was described by Nilsson (1967) as the best one. This 
method was, however, more time-consuming than the nonselective ones, partic
ularly when the examination was performed bilaterally. We have tried to achieve 
the greatest possible degree of selectivity in the examinations. Frequently, in 
cases in which the tumours were evidently unilateral, only the tumour side was 
examined (24 out of 146 examinations). In order to be able also to demonstrate 
possible changes on the other side of the bladder, a selective examination was 
first carried out on the tumour side followed by a nonselective examination 
with the same, or another, catheter. The advantages of this method were that 
selective filling was achieved in the tumour area and the vessels on the opposite 
side of the bladder were also demonstrated. This was less time-consuming than 
bilateral selective examination and an additional arterial puncture was avoided.

Lang (1969) performed bladder angiography in conjunction with endo- and 
perivesical insufflation of gas and considered this method superior to the con
ventional method without perivesical gas. This method probably allows a more 
exact definition of the bladder wall against the perivesical tissue, but the dif
ficulties must be considerable in irradiated cases and in attempts to introduce 
a sufficient quantity of gas in cases with extravesically growing tumours, as has 
been pointed out by Romaniuk et coll. ( 1969) and Lacy et coll. (1970).

In the present material the complications in connection with angiography 
have been few and clinically insignificant, which agrees with the observations of 
Nilsson ( 1967).
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“Normal” bladder wall

Since it was considered impossible to find controls without bladder tumours 
in whom the bladder had been subjected to radiation doses similar to those in 
carcinoma of the bladder, the angiographic findings from the nontumorous side 
of the bladder in 14 cases were used as “control material”. As microscopic 
examinations had not been performed on this side, the “control material” 
obviously could not be assumed to be comparable to that obtained from normal 
patients without diseases of the urinary bladder.

It has been shown earlier (Nilsson 1967) that unilateral tumours generally 
have unilateral blood supplies. This does not mean, however, that the angi
ography on the clinically nontumorous side can be regarded as normal. It is 
probable that infections occurring simultaneously with the tumour often create 
circulatory changes also on the nontumorous side of the bladder. In order to 
exclude changes due to infection as far as possible, the reference material was 
selected from cases in which there was no bacteriuria or clinical signs of infection 
at the time of angiography. It is uncertain whether the surgical procedures in 3 of 
the 14 cases could have left any circulatory changes. However, the criteria 
described or defined on the basis of these cases agree rather closely with those of 
earlier report ( Nils son ).

Surgically treated cases

Hypervascularization and tortuous vessels of varing calibre inside and outside 
the bladder wall were demonstrated by Nilsson (1967) in a case in which 
angiography had been performed 3 weeks after operation. On the basis of 
findings from another case, in which angiography was performed one year 
after operation, he concluded that angiographic changes directly related to 
surgery could regress within this period of time. The findings in this material 
indicate that vascular abnormalities caused by operations had regressed within 
as short a period as 2 months, since the angiograms were more or less ordinary 
in 6 cases in which the operations were performed one to 2 months prior to 
angiography.

Angiography, arterial phase

The vascular abnormalities demonstrated earlier angiographically (Nilsson 
1967, Lang 1968, 1969) in tumours of the urinary bladder were also observed 
in the present material. Thus, a moderate or marked increase in the number
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and tortuosity of arteries was found. The width of arteries, which in the before 
mentioned reports was generally stated as increased, was not consistently changed 
in the present material and was classified as ordinary just as often as it was 
classified as increased. This difference, which can hardly have any significance, 
might be explained by possible differences in the reference material.

The findings in the present material deviated from those in earlier reports 
(Nilsson, Lang) in regard to the incidence of tortuous vessels of varying calibre. 
Thus, such vessels could not be demonstrated in 14 per cent of the cases with 
microscopically verified tumours (7 out of 50 cases). It is true that the angi
ographies in these cases with divergent findings were not always performed 
selectively, but the absence of tortuous vessels of varying calibre could not be 
ascribed to shortcomings in the quality of the examinations. It is possible that 
the repeated transurethral electrocoagulations and resections which were per
formed in these cases could have contributed to the faulty filling of the vessels 
with contrast medium in the area of the tumour ( Lang et coll. 1963 ).

Angiography, capillary phase

The accumulation of contrast medium, which was as often moderate as 
marked, could be demonstrated in the present material within the area con
taining tortuous vessels of varying calibre and was a simultaneous phenomenon 
in all such cases, which condition was also observed earlier by Nilsson. They 
could not be demonstrated in all cases with microscopically verified tumours, 
however.

On the basis of cystoscopic observations the average diameter of the tumours 
in the cases in which tortuous vessels of varying calibre could not be demonstrated 
was judged to be slightly greater than one cm, the size cited earlier as the 
minimum for angiographic detection. Consequently, the angiographic criteria 
discussed here would not have allowed a correct diagnosis in 14 per cent of 
the cases with microscopically verified tumours. Included in these cases were well, 
moderately and poorly differentiated tumours. The figure mentioned is slightly 
lower than those reported by Georgi et coll. (1968) and Lentzen et coll. 
(1968) which were based on a smaller material. This supports the assertion, 
however, that the angiographic findings may be negative also in the case of 
malignant tumours. Angiography can, therefore, hardly be a suitable screening 
method for tumours in the urinary bladder.

The findings in the present material also showed that angiography was 
generally inferior to cystography and cystoscopy with palpation under anaesthesia
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as a means of determining the intravesical extension of the tumours. This was 
particularly true in cases where the tumours, as demonstrated clinically or micro
scopically, infiltrated the bladder wall diffusely, in cases where tumours had 
recurred following earlier operation and in cases where a number of papil
lomatous tumours had been observed at cystoscopy, but appeared as a diffuse 
thickening of the bladder wall at angiography. In other cases angiography 
provided valuable complementary information to the clinical examinations. This 
has also been pointed out earlier (Nilsson 1967, Vogler 1969).

Opinion has been divided as to the reliability of the angiographic method 
when it comes to demonstrating the extension of tumours with respect to the 
perivesical tissue (Nilsson 1967, Georgi et coll. 1968, Lang 1968, 1969, 
Lentzen et coli. 1968, Kelami & Taenzer 1969, Kuntz et coli. 1969, Mayor 
1969). In the present material cases in which tortuous vessels of varying calibre 
and contrast accumulation could be demonstrated in the perivesical tissue, and 
in which the bladder wall could not be outlined, made up 77 per cent of the 
cases in which extravesical extensions of the tumours had been demonstrated 
clinically or microscopically (24 out of 31 cases). This is a considerably lower 
figure than that reported earlier (Nilsson, Lang, Kelami & Taenzer). In 
the other investigations mentioned, the observations are based on a rather small 
number of cases. The mutually divergent angiographic findings in different 
materials could be due, to some extent, to differences in the method of angi
ography or the procedure for verification, but they are probably to a greater 
extent due to the heterogenity of the bladder tumours in different respects. In 
the present material, for example, earlier operations or repeated transurethral 
procedures had been performed in 3 of the cases in which the angiographic 
findings did not agree with those of the microscopic examination.

In 90 per cent of the cases in which perivesical extensions of the tumours had 
not been demonstrated clinically or microscopically (17 out of 19 cases), it 
was also impossible to discern tortuous vessels of varying calibre or accumulation 
of contrast medium in the perivesical tissue. In the 2 cases in which the findings 
were divergent, the part of the bladder wall adjacent to the tumour could not 
be outlined against the perivesical tissue, in which tortuous vessels of varying 
calibre and contrast accumulation were also evident. At the time of the angi
ography spread of the tumour had not been verified microscopically in these 
cases, but in one of them the tumour was well differentiated and without infiltra
tion on microscopic examination; in the other cases it was poorly differentiated, 
infiltrated the lamina propria, and malignant cells were found in lymph vessels. 
The angiographic findings in cases without demonstrated extravesical extensions 
of the tumours deviated only to a slight extent from the findings published by 
Nilsson.
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Angiography, venous phase

Early contrast filling of veins has been reported to be characteristic of malig
nant tumours of the bladder (Lang 1968, 1969). In the present material the 
time elapsing from contrast filling of arteries to contrast filling of veins was 
also often considerably shorter on the tumour side than on the other side of the 
bladder, but the time varied over a wide range and had no constant interde
pendency with other criteria. Consequently, the circulation time was not con
clusive in the angiographic diagnosis of the tumours. Further, the appearance 
of the veins did not reveal any appreciable changes when the controls were 
compared with the tumorous bladder walls.

Grade of malignancy and stage of tumours

As regards the correlation between the angiographic findings and the grade 
of malignancy of the tumours, the number of observations in this material was 
much too small in grades 1 and 4 to allow any definite conclusions. It is true 
that cases with a marked increase in the number of arteries and with tortuous 
vessels of varying calibre were predominant in malignancy grades 2 an 3, but 
no definite trend could be demonstrated. Nor was it possible to demonstrate 
a constant angiographic difference between different grades of malignancy even 
if the other variables in this material had been taken into consideration. These 
findings, which are supported by earlier observations made by Nilsson (1967), 
do not agree with the findings published by Lang (1969), which were con
sidered conclusive enough to allow an estimate of the preoperative grade of 
malignancy of the tumours.

Tumours which had been classified clinically as stage T4 displayed angi
ographic findings which deviated markedly from those of the other stages, 
particularly with regard to the number of arteries and the incidence of tortuous 
vessels of varying calibre. It was not possible to demonstrate angiographic dif
ferences between the other stages of tumours in this material, however. Therefore, 
on the basis of the findings in the present material it would have been possible 
to differentiate angiographically between clinically demonstrated intramural and 
extramural extensions of tumours, but differentiation between the various intra
mural stages of the tumours would not have been possible. This is in agreement 
with earlier observations made by Nilsson and Blaudow et coll. (1968) but is 
contradictory to the findings published by Lang and Lacy et coll. (1970).
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Conclusions

In brief, there are considerable differences regarding angiographic findings 
in different series of material. The probable reason for this is that the series 
have not been comparable. This applies, for instance, to the presence of an infec
tion simultaneously with the tumour and the method of verification. The angi
ographic techniques have also differed. It is apparent, however, from the observa
tions reported here, as well as from a number of other reports, that the earlier 
great expectations upon the angiographic method, have not been completely 
fulfilled. Small tumours cannot always be demonstrated by angiography, and, in 
the present material, this observation has been true of tumours of different grades 
of malignancy.

The present investigation indicates that angiography does not provide in
formation on the grade of malignancy of tumours, and it has not been possible 
to determine the intramural spread of the tumours. In these respects the present 
experiences are in accord with those of most authors earlier. As regards the 
possibility of determining the perivesical extension of tumours angiographically, 
the present material has not produced the same degree of certainty as has been 
reported previously for other series.

In spite of all justifiable reservations the value of angiography in the diagnosis 
of tumours of the bladder can hardly be denied. It must be regarded as a 
valuable complement to clinical and microscopic examinations.

Posttherapeutic examinations
Radiation induced clinical and microscopic abnormalities

The reliability of cystoscopic verifications of radiation induced changes in the 
bladder wall is not unquestionable, even though the cystoscopic picture in radia
tion cystitis, particularly when teleangiectases are present, has been described 
as typical (Rubin & Casarett 1968). Quite certain verification would also 
have required microscopic examinations of the entire urinary bladder (Gowing 
1960). This could only be performed in isolated cases in the present material. 
For this reason the angiographic findings with regard to radiation induced 
changes have been correlated with cystoscopically observed reactions involving 
teleangiectases. Such reactions usually occurred in the trigonal region and 
adjacent to the primary lesion in the bladder. This is in accordance with earlier 
observations (Morrison & DEELEy 1965, Rubin & Casarett), which have also 
shown that the reaction is more marked in a tumorous bladder than in a normal
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bladder with the same isodose distribution. It was therefore to be expected that 
the degree of reaction in the present material would be higher than in earlier 
series (Dean & Slaughter 1941, Watson et coll. 1947, Leissner & Kjell- 
gren 1959) in which the urinary bladder received smaller radiation doses in 
connection with radiation therapy of gynaecologic diseases, but, in spite of 
relatively homogeneous radiation doses, the same degree of reaction could not 
be expected in different parts of a bladder in which only parts of the bladder 
wall were affected by a tumour.

The chronological course of the radiation reactions in the present material 
accorded with earlier observations (Watson et coll. 1947, Go wing 1960, 
Morrison & Deeley 1965). But on the other hand, the frequency of reactions 
involving teleangiectases was substantially higher than in a similar earlier series 
(Morrison & Deeley), i.e. 27 per cent as compared with 9 per cent. Another 
method of treatment was used in the last mentioned series, however, and the 
absorbed radiation dose was generally lower than in the present material.

According to Bloedorn et coll. (1962) surgical procedures, if performed less 
than 3 weeks before irradiation, could affect the course of the radiation reac
tion. The surgical procedures in 6 cases in the present case material had been 
carried out no less than 6 weeks before irradiation, and therefore could hardly 
have affected the reactions.

At the time of radiation therapy there was no bacteriuria in the 14 cases with 
the previously “normal” side of the urinary bladder, and bacteriuria was demon
strated posttherapeutically only in one case, which had been treated with anti
biotics. Therefore, in these 14 cases there were both the necessary physical and 
biologic conditions to support the supposition that the abnormalities observed 
cystoscopically may have been due to irradiation only.

Angiography, arterial phase

The hypervascularity following irradiation observed by others (Lang et coll. 
1963, Maranta et coll. 1964, Nilsson 1967, Lang 1968, 1969), was not 
marked on the previously “normal” side of the bladder in this series. The noted 
increase in the number and tortuosity of arteries was only moderate and of the 
same degree regardless of the interval following irradiation. Thus, in the angi
ographic differential diagnosis of tumours and radiation cystitis, it would have 
been possible to ascribe remaining or newly developed hypervascularity to radia
tion reactions alone only to a limited extent.

It was also found in the present series that pretherapeutically demonstrated 
hypervascularity remained for a considerable length of time after irradiation on

8—733211. Acta Radiol. Suppl. 328
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the tumour side also in cases without clinically or microscopically demonstrated 
remaining tumours. The number and tortuosity of the arteries had no constant 
interdependency with clinical or microscopic findings concerning the differentia
tion between tumours and radiation reactions. Nor did the later development 
of these variables exhibit any characteristic post irradiation pattern. Hyper
vascularity did not develop in all cases with microscopically verified recurrences 
of tumours.

It has been asserted earlier (Lang 1969) that vessels in irradiated tissue differ 
in appearance from vessels in malignant tumour tissue. In the present material 
this was correct to the extent that tortuous vessels of varying calibre with the 
same appearance as in tumours could not be demonstrated in cases with radia
tion reactions only — that is to say, in 14 cases with seemingly normal bladder 
walls also after irradiation. It was possible, however, to demonstrate such vessels 
in 8 cases without clinically or microscopically verified remaining tumours. Some 
of these cases require further discussion. In 3 of them, where the angiographic 
vascularity was similar bilaterally, tumours could not be demonstrated micro
scopically, but in one of these 3 cases there was bacteriuria and in the 2 others 
there were respectively a condition of microscopically verified haemorrhagic 
ulcerative cystitis following irradiation and a cystoscopically observed reaction 
with teleangiectases. Thus, in these cases it was not possible to determine whether 
the vascular abnormalities were caused by irradiation, or both. Similar cases 
have been described earlier by Nilsson (1967). In the present material it was 
not possible to demonstrate tortuous vessels of varying calibre in all cases with 
microscopically verified remaining tumours or recurrent tumours. This shows 
that the vascular appearances were not pathognomonic of tumours or radiation 
reactions, A strict differential diagnosis was therefore not possible on the basis 
of the appearance of the vessels, These difficulties in differential diagnosis, denied 
earlier by Lang (1969), have been emphasized by others (Anacker & Heun 
1969, Bachmann & Taenzer 1969, Vogler 1969).

In the present material tortuous vessels of varying calibre could be demon
strated in a few cases at the sites of cystoscopically observed teleangiectases. In 
one of the cases a microscopically verified recurrent tumour was also demon
strated at the same site. Thus, the demonstration of abnormal vessels would not 
have been sufficient to determine whether any existing haematuria in these 
cases was caused by teleangiectases or tumours, or both. This conflicts with 
earlier observations made by Lang (1968). The differences in the angiographic 
findings cannot be explained entirely by differences in the method of examina
tion, even though the aforementioned author has considered angiography in 
conjunction with endo- and perivesical insufflation of gas superior to other 
methods. In the case illustrated by Lang, no perivesical gas was observed and
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the examination was performed using a nonselective technique, apparently in 
the same manner and with similar results as in comparable examinations in the 
present material.

Angiography, capillary phase

The accumulation of contrast medium in cases of radiation reaction has not 
been described earlier, and it was not observed in the present material either 
in cases where there was clinical or microscopic evidence of radiation reaction 
only. Nilsson (1967) indicated the possibility that the absence of contrast 
accumulation coupled with the presence of tortuous vessels of varying calibre 
might constitute evidence for a reaction and against the presence of a tumour. In 
the present material the demonstration of contrast accumulation in conjunction 
with tortuous vessels of varying calibre was not sufficient to ascertain the presence 
of tumours since these criteria could also be demonstrated in 2 cases without 
microscopically verified tumours. Whether or not these cases constituted inflam
mations or radiation reactions, or perhaps even a combination of both, could not 
be determined.

The simultaneous occurrence of tortuous vessels of varying calibre and contrast 
accumulation in the perivesical tissue was stated by Nilsson to be an absolute 
requirement for pretherapeutic angiographic demonstration of the perivesical 
spread of tumours. To judge by the findings in the present material this was 
not so after radiation therapy, since these criteria could only occasionally be 
demonstrated simultaneously in the perivesical tissue in cases with clinically or 
microscopically verified extravesical extensions of the tumours.

Accumulation of contrast medium in nonspecific inflammatory conditions has 
been reported earlier (Lagergren et coll. 1958, Nilsson). This was not the 
rule in tissues with radiation reactions in the cases with simultaneous bacteriuria 
or microscopically verified nonspecific inflammations in the present material.

To summarize, it may be asserted that the presence of contrast accumulation 
was not consistently related either to the microscopic, bactériologie and clinical 
findings or to angiographic variables. It was not, then, conclusive in differential 
diagnosis after irradiation.

In remaining or recurrent tumours Lang (1969) arrived at a correct angi
ographic diagnosis almost without exception, but there is no indication of what 
criteria had been used. Although it is obvious that the angiographic diagnosis 
of tumour cannot be based on a single sign, it became evident from the findings
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in the present material that the diagnosis was rendered much more difficult by 
the fact that intravesical tumours were detectable only in a few cases. An analysis 
of the different angiographic criteria in cases with and without clinically or 
microscopically verified remaining tumours showed that if the presence of 
tortuous vessels of varying calibre in intravesical tumours or in unilateral or 
mainly unilateral thickening of the bladder wall had been taken into considera
tion, the angiography would have resulted in correct diagnosis after irradiation 
in 73 per cent of the cases with remaining tumours (19 out of 26 cases). The 
same criteria would have led to correct diagnosis in 82 per cent of the cases 
without clinically or microscopically demonstrated remaining tumours in the 
first posttherapeutic examination (23 out of 28 cases). In 2 of the 5 cases in 
which the angiographic and clinical or microscopic findings differed, tumours 
were demonstrated later microscopically. If the same criteria had been applied 
to the 7 microscopically demonstrated recurrences of tumours — 2 in the first 
posttherapeutic examination and 5 in later examinations — it would have been 
possible to demonstrate these recurrences in 70 per cent (5 out of 7) of the 
cases.

It is therefore evident that the diagnostic criteria for tumour used prethera- 
peutically often were not necessary or sufficient for the diagnosis of tumours or 
recurrences after irradiation in the present material. It is difficult to judge the 
reason why these findings differed so substantially from the earlier observations 
of Lang (1969). The different angiographic findings in these 2 series of material 
could be due in part to differences in the composition of the material, the 
therapeutic methodology and the method for verification, but a detailed descrip
tion of these factors was not given by Lang and, consequently, cannot be dis
cussed here. However, in conformity with the present results, it has been pointed 
out earlier (Georgi et coll. 1968, Anacker & Heun 1969) that tumours or 
recurrences could be demonstrated with certainty by the angiographic method 
only in cases in which they were entirely or partially extramural.

Microscopically and clinically demonstrated increases in the amount of con
nective tissue and varying degrees of oedema have earlier been described in con
nection with radiation reactions in the bladder wall (Gowing 1960, Rubin & 
Casarett 1968). Although such changes could also be demonstrated clinically 
in the present material, they were usually not reflected angiographically as a 
change in the thickness of the bladder wall. In all cases with clinically verified 
reactions the bladder wall could be outlined against the perivesical tissue.

It has been pointed out before (Anacker & Heun 1969) that the angi
ographic determination of the extension of tumours in relation to the perivesical 
tissue after irradiation involves severe difficulties. As a rule, the angiographic 
findings in this respect in the present series could only be correlated with clinical
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findings, and the uncertainty of the latter fidings (Nilsson 1958, Baker 1968) 
would not seem to make a comparison very meaningful. If, in spite of this fact, 
cases had been taken into consideration in which the bladder wall could not be 
outlined against the perivesical tissue and in which there were, at the same time, 
tortuous vessels of varying calibre, these criteria would have led to the correct 
diagnosis in 74 per cent of the cases with clinically or microscopically verified 
perivesical growth (14 out of 19 cases) and in 86 per cent without such 
clinically verified growth (32 out of 37 cases). This may indicate the difficulties 
involved in determining the extension of tumours after irradiation, and in any 
case it is not contradictory to earlier isolated observations ( Anacker & Heun ).

Angiography, venous phase

As a rule, angiographic changes in the venous phase could not be demonstrated 
in the present material in cases with radiation reactions only. Further, neither 
the appearance of the veins nor the circulation time displayed any characteristic 
pattern either in cases with or without clinically or microscopically verified 
tumours or in cases with simultaneous bacteriuria. Thus, in conformity with the 
findings reported by Nilsson (1967), the changes in the venous phase were 
not conclusive in the angiographic diagnoses after irradiation.

Grade of malignancy and stage of tumours

As regards the correlation of angiographic findings after irradiation with the 
pretherapeutically determined grade of malignancy of the tumours, the same 
reservation applied as in the pretherapeutic correlation, viz that the number of 
observations in malignancy grades 1 and 4 was much too small to allow any 
definite conclusions. Recordings of the various angiographic variables within 
the respective grades of malignancy did not indicate any trend. Further, in the 
present case material neither the clinically nor the microscopically demonstrated 
response to irradiation was correlated to the different grades of malignancy, 
which accords with earlier observations (Morrison & Deeley 1965).

The pretherapeutically demonstrated appearance, characterized by predom
inant hypervascularity and the presence of tortuous vessels of varying calibre 
in stage T4, was also observed posttherapeutically. The increase that occurred 
in the number of arteries and in the presence of tortuous vessels of varying 
calibre following radiation therapy was more or less similar in all stages of 
tumours and was probably partly due to the development of post radiation in
flammation.
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In later posttherapeutic examinations the distribution of the indicated variables 
was also probably not representative owing to the fact that the number of 
observations in stage T4 was relatively small.

Conclusions

In summary, the vascular changes caused by radiation reaction may be said 
to have been modest and uncharacteristic. In cases where the reaction was slight 
or moderate at cystoscopy, angiographically demonstrable changes could not 
usually be observed. The reason for this is, no doubt, that the degree of resolution 
obtainable with the present techniques does not permit an angiographic as
sessment of the narrow vascular branches affected. However, microangiograms 
of the experimental specimens indicate that greater efficiency can be attained 
through technical improvement.

In cases with advanced reactions and in which angiographic changes were 
observed, the appearances of the vessels showed a high degree of similarity to 
the characteristics of tumour vessels. The differential diagnosis against remaining 
tumours and recurrences has therefore proved to be difficult. A certain diagnosis 
of recurrent tumours by angiography has only been possible in cases where the 
tumour was well defined or where it partly protruded into the lumen of the 
bladder.

Thus, the value of angiography after radiation therapy has proved to be 
limited. It can be said, however, that angiography constitutes a complement to 
other diagnostic methods.



GENERAL SUMMARY

The main intention has been to investigate the value of angiography in the 
diagnosis of tumours and recurrences in the urinary bladder after irradiation.

Part I deals with experimental, microangiographic and angiographic examina
tions of radiation induced reactions and other inflammatory conditions in the 
urinary bladder. The microangiographic and angiographic findings in 10 control 
animals, 53 irradiated animals and 20 infected animals were correlated with 
microscopic and bactériologie findings. The microscopic radiation reactions were 
only moderate but were, as a rule, different from the infectious changes. In the 
main, radiation as well as infectious abnormalities affected vessels with smallei 
calibres than could be demonstrated angiographically. Certain changes were 
observed only microangiographically, but they were probably solely of a quan
titative nature.

Part II deals with angiography of clinical cases before and after radiation 
therapy of the urinary bladder. The angiographic findings were correlated with 
microscopic, bactériologie and clinical findings. One hundred and forty-six angi
ographies performed in 56 patients, both prior to, and one or more times follow
ing, irradiation were analyzed.

The pretherapeutic examinations showed that 14 per cent of the micro
scopically verified malignant tumours had escaped angiographic detection. This 
applied to small tumours of varying grades of malignancy. The grade of 
malignancy and the degree of intramural infiltration of the tumours could not 
be determined. Compared with clinical and microscopic examinations, angi
ography would have produced a false negative result in 23 per cent and a false 
positive result in 10 per cent of the cases with regard to perivesical extensions 
of tumour.

The examinations after irradiation showed that in cases with radiation reac
tions clinically, but without tumours, the angiographic findings were, as a rule, 
moderate and uncharacteristic. This could have been expected on the basis of 
the findings in the experimental material. Radiation reactions and tumours 
could not be distinguished on the basis of the appearances of the vessels.

The cystoscopically observed teleangiectases did not have a typical angi
ographic appearance. It was also found that angiography would have produced 
a false negative result in 27 per cent of the cases with clinically or microscopically 
verified remaining tumours and in 30 per cent of recurrences whereas a false
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positive result would have been obtained in 18 per cent of the cases without 
tumour.

The conclusion arrived at is that angiography is a valuable complement in 
pretherapeutic diagnosis, but that its value is more limited in posttherapeutic 
diagnosis.
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