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Preface 

In 1962 in the series Handbuch der Urologie - Encyclopedia of Urology - Ency
clopedie d'Urologie the roentgen examination of the kidney and ureter was extensively 
presented by the present author in collaboration with Gosta Jonsson. The roentgen exa
mination of the distal genital tract and the male genital organs was presented by Lind
blom and Romanus. 

In the corresponding series Handbuch der Medizinischen Radiologie - Encyclopedia 
of Medical Radiology ten years later, we have arrived at the publication of the roentgeno
logy of the kidney and the urinary tract. It was felt expedient that the entire chapter on 
urologic roentgenology be revised by the present author on the basis of a greatly enlarged 
current material from the Department of Diagnostic Radiology, University Hospital, 
Lund, Sweden. This hospital is a regional university hospital for a population of approxi
mately 1,200,000 inhabitants in southern Sweden. Patients with specific problems for 
qualified diagnostic and therapeutic procedures are referred to Lund from other 
hospitals within the region, both central and local hospitals, and consulting cases are sent 
from very wide distances. 

The present edition represents a complete revision of the earlier work, with the ad
dition of several new chapters. Reference will nevertheless often be made in this work to the 
corresponding part of the Encyclopedia of Urology. To make possible the incorporation 
of a suitable number of illustrations - so important in roentgen -diagnostic publications -
a very large number of new illustrations are added to a number included from the previous 
work. 

The author wishes to extend warm appreciation and thanks to all members of his 
excellent staff in the Department of Diagnostic Radiology in Lund. He also wishes to 
express his gratitude to the heads and staffs of the clinical departments referring patients 
for roentgen examination for their close daily, fruitful cooperation. This gratitude is 
directed particularly to Professor Gosta Jonsson, Chairman of the Department of Uro
logy. 

Lund, November 1973 OLLE OLSSON 
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Part I: 
Roentgendiagnosis of the kidney and the ureter 

By 

Olle Olsson 

A. Introduction 

Perusal of the urologic literature and current journals will convince any critical reader 
of the need for a comprehensive presentation of urologic diagnostic radiology in which 
the examination techniques and evaluation of the findings are based on fundamental 
roentgen-diagnostic principles. It is apparent from the literature that diagnostic radiology 
is widely practised without sufficient fundamental knowledge of physics, of the different 
examinations methods, of radiation protection, pharmacology of the contrast media, 
physiologic principles of dynamics, etc., all factors to be considered in the planning and 
performance of the examinations and in the interpretation of the findings. 

Diagnostic radiology requires special training. Such training should first span the 
entire field before specialization is attempted in any particular branch of it. It is not 
possible to master any sector of diagnostic radiology without wide knowledge of the 
subject as a whole. Diagnostic radiology of the urinary tract occupies a central position 
in general diagnostic radiology. Roentgen-diagnostics of the urinary tract places great 
demands on the examiner's knowledge of diagnostic radiology in general because the 
original urologic disease may manifest itself outside the urinary tract, e. g. in the skeleton, 
lungs, vascular system, etc., just as the urologic disease may be only one component of a 
more or less generalized disease. In addition, the methods used in urologic roentgen exami
nations are in wide use in general diagnostic radiology. 

Several fundamental technical details such as film, processing units,roentgen machines, 
high voltage te'chnique, automatization, radiation protection, pharmacology and side 
effects of contrast media, etc. must be studied and tested in various branches of diagnostic 
radiology and evaluated on the basis of as wide experience as possible. 

Technical skill in the performance of certain details of the examination such as 
arterial puncture and catheterization can be acquired and maintained only jf the daily 
work includes a number of angiographic examinations. All technical variations as well as 
measures to avoid complications require cumulative experience. 

The technical equipment, particularly for angiography, is specialized and expensive 
and thus cannot be procured for only occasional examinations. 

Technical advances and clinical research have given diagnostic radiology a solid value 
of its own; therefore it is wrong to regard it or use it simply as a gratuitous supplement 
to the clinical investigation of any disease. Diagnostic radiology yields information on 
anatomic, pathologic and, to no small extent, on physiologic conditions. The method is 
based on a refined technique permitting wide variation and on detailed roentgen anatomy, 
which is ordinary normal anatomy with special attention to the many normal variants 
and presented in detailed den so grams known as roentgen pictures. 

Normal and pathologic conditions should be studied as closely as possible, with all 
necessary variations of the examination technique, and the results of the examination 
should be described in anatomic and pathologic nomenclature and not in photographic 
terms. 

1 Handbuch der med. Radiologie, Bd. XIII/I 
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Only findings made in complete examinations should be considered, and then in full 
detail. If a roentgen examination is performed only half-heartedly or it is interrupted 
simply because preliminary findings happen to fit in with a preconceived opinion, or 
if technically poor examinations are accepted, the result may be a serious misdiag
nosis. 

Principles of examinations. The indications for the examination should be well founded, 
problems to be solved well defined, and the examination planned accordingly. The written 
referral for the roentgen examination must contain all information necessary for its 
planning. 

The doctor requesting the examination must know what knowledge may be gained 
from the examination and should be able to assess the strain the examination implies 
for his patient. 

The examiner should be competent and be able to perform the examination in the 
most rational manner. The examination should therefore always be performed by, or under 
the supervision of, a roentgenologist. Examinations by amateurs are condemnable. 

The equipment should be of good quality. The roentgen machines must give the 
necessary output. The tubes, film, cassette material, etc., must be of good quality and 
continuously checked. 

The patient should be properly prepared for the examination. 
Every examination should be performed in such a way as to yield as much infor

mation as possible. This implies that the examination should include all necessary 
technical variations. 

No examination should be performed in a standardized manner but varied according 
to the information desired regarding the specific patient and to problems arising in the 
course of the examination. 

During an examination planned in a certain way, new problems may arise. The pro
cedure should then be modified in a manner providing the best possibilities of solving such 
new problems. 

Utilization of all possible modifications of a method is necessary to obtain the in
formation desired. The roentgenologist must therefore perform or supervise the exami
nation and study the films continuously while the patient is still available for further 
study, if necessary. 

The films should document the results of a competent examination. Diagnostic radio
logy consisting of examination of films produced under standarized conditions is likely 
to lead to guesswork and is therefore condemnable. 

If properly performed, the examination usually leads to a clearcut diagnosis. Often, 
however, the result of a basic examination may lead to a more specialized procedure to 
define diagnostic criteria. Occasionally the end result nevertheless offers more than one 
diagnostic possibility. In such cases findings at other clinical examinations and laboratory 
studies may help in arriving at the diagnosis. This process of the diagnostic combination 
of roentgen findings and other findings calls for team work between the roentgenologist 
and the referring colleague. Therefore regular daily staff discussions in the roentgen
diagnostic department between roentgenologists and referring colleagues, with demon
stration of examination results, are of great importance. 

Reports. The result of the examination is described in a report. This report should 
be as short and distinct as possible. It should be based on studies at examination and of 
the resulting films, with anatomy, physiology and pathology as the basis. Photographic 
terms should not be used. No expression relating to visual impression should be included if 
not related to basic medical understanding. Reports on localization, etc., should be given 
in anatomically defined terms. 

In a competent examination the films represent the end result of the examination 
and not the examination itself. Therefore the films need interpretation by the roentgeno
logist responsible for the examination. I have seen departments of diagnostic radiology 
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in which films are given to the referring physician directly, without first being checked 
and studied by the roentgenologist. This practice is not compatible with serious roent
genology. 

B. Examination fundamentals 

I. Equipment 

The following presentation is limited to a few points of general interest concerning 
the equipment necessary for urologic roentgen-diagnosis. 

The roentgen apparatus should have a high output to permit performance of exa
minations with high voltage technique and with short exposure time. The apparatus 
should satisfy the highest requirements of routine work, i. e. renal angiography. This 
examination thus dictates the capacity of the apparatus. The frequency of exposures 
necessary for routine work, 5-10/sec. representing the various phases of the renal cir
culation, can be secured with a 6-valve machine which is also preferable to a large 4-valve 
machine from the point of view of radiation dose. 

All types of roentgen examinations require strict consideration of the radiation dose. 
This holds especially for urologic roentgen examinations. 

Pyelography must be performed under fluoroscopic control. Any examination table 
for pyelography not permitting fluoroscopy is unsatisfactory. It must offer the possibility 
of taking films under fluoroscopy and with a Potter-Bucky grid. Fluoroscopy should be 
performed under optimal conditions, preferably with the use of an image intensifier with 
television. 

Angiography requires satisfactory equipment. To perform this type of examination 
with make-shift apparatus is no longer defensible. A film changer for film sheets or rolls 
should be available, although only one-plane films are necessary. The changer should be 
equipped with a program selector. It is better not to perform renal angiography at all 
than to perform it incompletely or in a laissez-faire manner. 

For cine-radiography some sort of image intensifying technique should be used, with 
an image intensifier and television. Other methods give far too large a radiation dose. 
Electron-beam recording (EBR) will soon be available for cine-radiography. 

The films should be examined under optimal conditions. This implies, among other 
things, that the viewing box space should be large enough to permit simultaneous 
examination of all the films during a urographic examination and permit comparison 
with previous examinations. 

All work should be done with the right tools. Special work may require special tools. 
If such tools are not available, the work should not be done. 

II. Radiation protection 

In a situation in which a great number of chemical agents with possible serious 
somatic and genetic effects create enormous risks to populations, the sense of responsi
bility exhibited by the radiological profession should always be a model of the highest 
standards. Responsible radiologists in their daily work continuously observe the radiation 
problem with the aim of reducing radiation wherever possible to the smallest possible 
patient dose. Reference should here be made to the important work done by the the affi
liation of the International Commission on Radiation Protection and the International 
Commission on Radiation Units and Measurements with the International Society of 
Radiology and the World Health Organization. 

Many conclusions as to the proportion between radiation for diagnostic purposes 
and the total radiation of the population and as to genetic as well as general effects of 

1* 



4 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

roentgen radiation are based on loose grounds. Reliable research has shown that there 
is every reason to secure maximum protection against radiation, particularly of the gonads. 
A fair proportion of the radiation received by the reproductive organs is due to urologic 
diagnostic radiology. A reduction of the dose in this field is thus highly desirable. 

In highly civilized countries the cumulative dose received in association with roentgen 
examinations is said to be less than 25 % of the background radiation. It should be noted, 
however, that in background radiation the dose rate is very low. There is experimental 
evidence to support the opinion that radiation given at low dose rate produces mutation 
in a lower frequency than the same amount given at high dose rate. In their third report 
on radiation hazards the World Health Organization Expert Committee on Radiation 
concludes that under certain provisions for the population at large, exposure of a large 
number of individuals to small doses of radiation may produce the same number of 
mutations as exposure of a small group to larger doses. The production of chromosomal 
aberrations is indicated to be dose-rate dependent and irradiation of mature sperm seems 
to give a higher frequency of chromosomal aberration than does radiation of spermatogonia. 

Although there is no reason to believe that ionizing radiation is the only, or even the 
principle environmental factor that can produce an increased number of mutations in man, 
exposure to radiation should be kept as low as possible. 

Of all the sources of artificial radiation, roentgen examination is the most important. 
In a survey of conditions in Denmark, HAMMER-JACOBSEN (1963) found an equal 
distribution of roentgen examinations in males and females and the frequency of ex
amination highest in patients above 40 years of age. He found further that 20-25 % of 
examinations had a radiation distribution close to the gonads and that 13-14 % of 
examinations included fluoroscopy. In a specific study on gonad doses, the very impor
tant fact is illustrated that there are very great variations in dose at the same type of 
examination at different hospitals, thus making mandatory a close scrutiny of the tech
niques for urologic roentgen examinations. A reduction is desirable, basically because the 
genetically significant dose per person per year has been found to be as high as 22 mR. 

In Sweden urography including plain roentgenograms represents about 20 % of the 
genetically significant dose produced by roentgen examinations (LARSSON, 1958). A 
marked reduction in the radiation dose during urography thus markedly influences the 
dosage received by the entire population. 

The most important point for reducing population radiation is to keep to strict 
indications for every examination of the urinary tract. No examination should be per
formed unless the indication is rational, which means that the reason for the examination 
must be perfectly defined. The requisition for a roentgen examination must include all 
the facts necessary for choosing examination conditions which satisfy the need for the 
greatest possible information at the lowest possible radiation dose. 

Roentgen examination of pregnant women should be kept low. In the earliest phases 
of pregnancy no examination requiring radiation at or close to the uterus should be per
formed. It is in some centers advocated that examination in this field of female patients 
of fertile age should be performed only during menstruation periods, thus assuring that 
the patient is not pregnant. 

The second point to be stressed is that every examination should be performed with 
proper skill and that the technique selected should be such as to give the best possible 
information. It is necessary that the number of competent radiologists and assisting per
sonnel should be sufficient. Medical students should be trained to respect radiation. 
Roentgen diagnostics should be performed only by competent roentgenologists and all 
roentgendiagnostic facilities in large hospitals should preferably be centralized, including 
personnel. 

Keeping the radiation dose as low as possible can be aided by not using fluoroscopy, 
or, in spite of well-trimmed technique, by using it as seldom and for as short periods as 
possible and in recording by using the minimal number of exposures with the smallest 
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possible field and the highest possible voltage. Such a small increase in voltage as from 
60 to 90 kV can bring down the MaS-product from 250 to 30 with a corresponding re
duction of the radiation dose. 

Each roentgen tube must be provided with collimating cones or diaphragms preferably 
with light-beam localisers to limit the useful beam to the minimum size required for the 
examination. This will also enhance film quality. The examination tables for fluoroscopy 
should be equipped with well designed protective arrangements and the examiner should 
wear a lead rubber apron and gloves. The fluoroscopic equipment should preferably be an 
image intensifier-TV set-up. Correctly used, such equipment reduces radiation markedly. 

Reduction of the radiation dose to which the patient is exposed during urologic 
roentgen examination can also be secured by covering the gonads of the patient with lead 
rubber. This is simple as far as males are concerned, and although more difficult, can also 
be secured to a fair degree in females. It is important that this precaution be strictly 
observed. We have found that during urography without protection of the gonads the 
testes will receive an average dose of 1,900 mR as against only 140 mR with lead protection 
and 20 mR with all proper radiation measures. At plain radiography including a film of 
the bladder, the dose could be reduced to 5 mR. In females proper protection will reduce 
the gonadal dose received in association with roentgenography of the kidneys by 
30-40 %. In examinations in which the films must include the bladder, such as in complete 
urography, the reduction in the dose for females is small because some of the films must 
include the ovaries. The number of such films should therefore be kept as low as possible. 

Regulations for radiation protection of the personnel should be meticulously observed. 
During the exposure no member of the staff should be in the examination room. Should 
it be necessary for the roentgenologist to be in the examination room during pyelography, 
for example, effective screening must be available. This is best secured by hanging up a 
suitably designed lead rubber curtain. The curtain may be placed and shaped according 
to specific requirements. 

Strict attention should be given to radiation protection of both patients and per
sonnel, especially in angiographic procedures. The most precise collimation possible during 
fluoroscopy and exposure will diminish radiation of the patients' gonads. At fluoroscopy
with image intensification, television and brightness control- the fluoroscopy time should 
be as low as possible. This rule must be observed particularly when fluoroscopy of the 
pelvic area may occasionally be necessary during catheterization from the femoral artery. 

SVAHN et al. (1971) made a thorough study of radiation dosage in procedures carried 
out in the angiographic section of our department. They have concluded, on the basis 
of this study, that: 1. the gonads should be shielded, 2. the beam should be carefully colli
mated and the smallest possible field size be used for filming and fluoroscopy, 3. full-scale 
radiography should be replaced by 70 mm flu orography in certain examinations or by 
video-tape recording, 4. correctly adjusted automatic exposure and brightness control 
should be used. A general recommendation can be added: the examinations should be 
performed only by experienced roentgenologists. 

The personnel should be checked continuously for radiation dosage. The film method 
is to be recommended. All members of our staff wear a film readily visible on lapel or 
blouse. Half of the film is completely protected. The film is developed after it has been 
worn for one week. If the wearer is found to have been exposed to radiation, he is given 
necessary instructions to avoid further exposure. 

Continuous control and checking of radiation dosage and instruction on radiation 
protection are necessary and should be part and parcel of the daily routine. 

III. Preparation of the patient for roentgen examination 

For a roentgen examination to yield a maximum amount of information, the patient 
must be properly prepared. 
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A self-evident but unfortunately often neglected part of the preparation is to inform 
the patient as to what is to be done, and why. This is all the more important if the ex
amination is likely to cause discomfort or pain or otherwise imply a strain on the patient. 
Such information promotes cooperation with the patient and thereby facilitates the 
examination. True and proper information should also be given the patient as to possible 
hazards included in the examination procedure. 

Additional special preparation is often necessary. Since the kidneys and the urinary 
tract are situated in the retroperitoneal space behind the peritoneal organs, the contents 
of the digestive tract can be projected onto the urinary tract. The digestive tract should 
therefore be as empty as possible at examination of the kidneys and ureters. This 
can be secured by ordering the patient not to eat on the morning of the examination 
and by cleansing the tract. Usually a purgative is given the day before examination and 
two enemas, one the evening before and one the morning of the examination. The pur
gative is usually castor oil, which should be given early on the day before the examination 
because if given late in the day it will disturb the patient's sleep. If the patient cannot 
tolerate such a strong purgative as castor oil, a milder laxative may be used, but in such 
case, on two successive days. 

For drastic purgation, tannic acid or Olysodrast has been used. The reports of several 
deaths in connection with multiple tannic acid enemas and toxicity studies in animal 
experiments (RAMBO et al., 1966) have resulted in the possibly somewhat hasty 
prohibition of these media in preparation for colon examinations. There was no detectable 
difference between the colonic or other toxic effects of Olysodrast and tannic acid. 

Experience has shown that preparation with purgatives is time-consuming for per
sonnel when practiced on hospital patients and that out-patients cannot always follow 
the rules completely. This results in poor preparation and, accordingly, risk of unsatis
factory examination. Therefore methods are continuously being tried to simplify the pre
paration while maintaining the highest quality. So-called contact laxatives do not in
fluence the small bowel, have a selective effect on the colon, and are easy to administer. 
In our department we are using such a preparation (Bisacodil) given in dragee form, 
with a final cleansing with a ready-packed micro-enema. In order to minimize side effects 
it has been recommended (HEGEDUS, 1971) to restrict fluid intake to maximum three 
liters per 24 hours. Ooffee and tea are restricted, as are fat and slag-forming food. The 
patient follows a simple diet list during one day of preparation. With lunch on that day 
the patient takes two pills of the contact laxative and with dinner another two pills. 
The morning of the examination day the micro-enema is applied for emptying the rectum. 
For children this type of preparation is applicable with slight modifications. 

This simple preparation has given better results than the former purgatives in a 
large comparative material. In 8-10 % the patients have a slight feeling of nausea, 
epigastric pain or dizziness. More serious side effects can be seen in exceptional cases, 
with exhaustion and fainting. Undoubtedly the results can be bettered and new media 
will be introduced. 

The most important factor in all preparation is to get rid of intestinal gas, partic
ularly in the colon. The gas is often abundant because of swallowed air or impaired ab
sorption of gas. The major part of intestinal gas is swallowed air, which can pass rapidly 
into the colon. It has thus been shown (MAGNUSSON, 1931) that air introduced into the 
stomach by means of a stomach tube passes to the caecum within 6-15 minutes. Swal
lowed air is usually removed by eructation. In a bedridden patient, however, swallowed 
air passes through the pylorus, particularly if he is lying on the left side, i. e. when the 
pylorus is the highest part of the stomach. This is one of the reasons bedridden patients 
usually have more intestinal gas than others. The patient should therefore, if possible, be 
up and about before the examination, or sitting or lying on the right side, not on the left. 

According to LILJA and WARREN (1934) meteorism in pyelography is to a large 
extent due to impaired absorption of gas as a consequence of cystoscopy and trauma of 
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catheterization, which causes a reflexogenic circulatory disturbance in the splenic area. 
These authors claim that meteorism is less marked if cystoscopy is performed under good 
anesthesia. 

Various drugs have been used to diminish the intestinal gas, such as absorbents, atro
pine, pitressin, etc. The simplest and most important procedure, however, is to cleanse the 
intestine of gas and fecal matter in the manner described above. The examination should 
be performed early in the morning and without undue delay after the last enema and the 
patient should, if possible, be up and about before the examination. If disturbing mete
orism or fecal contents persist, the patient may be prepared again for examination the 
following day. 

Subcutaneous injections of posterior pituitary lobe extracts have been employed as 
a more direct means of getting rid of intestinal gas (COLLIN and ROOT, JUTRAS and CAN
TERO, SCHEIBEL, 1936). The preparations used were not pure enough to guarantee constant 
results. Deaths reported in connection with the use of pituitary extracts seem to have 
been due to impurities. 

Since the availability of synthetic Vasopressin with its contracting effect on the smooth 
muscles, our department has taken up this type of preparation (GOTHLIN, 1971). The 
patient is given 10-20 international units of 8 Lysine Vasopressin, Postacton (Ferring 
AB, Sweden). The preparation has been used in adult patients of all age groups (with the 
exception of pregnant women and patients with recent myocardial infarctions), with usu
ally good or excellent results, best in the age group approximating 40 years. Poor results 
were seen in only 5 % of the cases. The best results are obtained when the Vasopressin 
is administered 30-45 minutes before the examination. The patients grow pale soon after 
the injection and in about one-third of the cases slight discomfort is experienced of the 
type epigastric pain and nausea. This discomfort is very seldom marked. 

Opinions differ on the use of enema, particularly in the preparation of the patient for 
urography. It is claimed that the fluid infused can be absorbed from the bowel and cause 
diuresis, with consequent dilution of the contrast excreted and decrease in density. It has 
been shown, however (STEINERT, 1952) that absorption of the water is so slow as to be 
negligible if urography is performed soon after the enema. Our experience definitely 
endorses this opinion. 

It has been discussed whether or not dehydration is necessary for patients who are 
to undergo urography, in order to increase concentration of contrast medium in the kidney 
pelvis. DUNBAR et al. (1960) made a very thorough study and an extensive list of per
tinent literature is to be found in their paper. The authors found a slight and consistent 
improvement in quality of the urogram following dehydration in their study of 21 normal 
male adults subjected to urography. The improvement was minimal in the early stages 
of the examination and greater in the latter half of the first hour but was not of a degree 
warranting the inclusion of dehydration as a necessary part of the preparation for uro
graphy. Experiments in rabbits gave strikingly similar results. 

Meteorism is more common in children than in adults. WYATT (1941) recommends 
the same measures to control meteorism in children as in adults, i. e. before the exami
nation the child should be erect, prone with the head slightly raised or lying on the 
right side, but never on the left. A detailed rationale for managing meteorism has 
been devised by GYLLENSVARD et al. (1953). They recommend sedatives, the postures 
described above, and that the child be given a milk meal, with the addition of a viscosing 
agent. 

The most important thing is to remove gas likely to be projected over the kidneys. 
A simple measure for this purpose has been suggested by KOSENOW (1955). He gives chil
dren 100-250 cm3 fluid in the form of milk, tea or juice before urography. The stomach 
thus filled with gas and fluid pushes aside intestinal gas so that with the patient supine 
the kidneys will be projected over the homogenous stomach. One can also fill the stomach 
with gas and thus secure a large homogenous gas bubble over the kidneys. This can be 
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accomplished by the use of a carbonated fruit salt or carbonated beverage (BERG and 
ALLEN 1952, BERG and DUFRESNE, 1956). 

Experience has shown that in small children up to an age of 1 to 2 years preparation 
has little effect and is thus unnecessary. After that age contact laxatives as described 
above can be used with suitable modifications. 

Examination of a patient during an acute attack of a disease requires no prepara
tion. More specific means of preparation are discussed in connection with the various 
examination methods. 

c. Examination methods 

I. Plain radiography! 

Plain radiography of the urinary tract constitutes the basis of all other roentgen 
examinations of the kidney and the urinary tract. 

The patient must be well prepared for the examination and the examination tech
nique must be satisfactory as the difference in density permitting distinction between the 
kidneys and the surrounding tissue is small. 

Plain radiography of the urinary tract in adults should include preferably two expo
sures: one of the kidneys and the major part of the ureters with the region of the supra
renals in the upper margin of the film (with a film 12 X 17 inches), and one of the lower 
part of the ureters and the bladder (usually with a film 18 X 10 inches). The two films 
should of course overlap each other in order to ensure that they cover the entire urinary 
tract. The focus-film distance should preferably be 1 m. The exposure of a separate film 
of the lower urinary tract and bladder has the advantage that the beam can then be 
directed roughly in line with the longitudinal axis of the pelvic canal. In such a film the 
contents of the small pelvis are projected free from the skeleton. Moreover, the method 
also permits suitable adjustment of the voltage and exposure time in the examination of 
patients above the age of fertility. The kidneys are influenced by the respiration and by 
the heart beat; therefore the exposure time must be fairly short and the voltage high, 
with consequent loss of contrast. The urinary bladder which is not influenced by respira
tion and heart beat, tolerates a longer exposure time, so that films may be taken with 
lower voltage and consequently better contrast. This is of importance in the evaluation 
of the thickness of the wall of the bladder, for example, and for demonstrating small, 
less opaque ureteric or vesical concrements. 

The kidneys are of the same density as the surrounding tissue. However, as a rule the 
kidney can be outlined because of its fatty capsule. It is also possible to demonstrate the 
hilum and part ofthe sinus because oftheir content oHat. The medial outline of the kidney 
pelvis can sometimes be recognized, particularly if the pelvis is dilated. Normal ureters, on 
the other hand, will not be visible in plain roentgenograms. In the fatty capsule, local ac
cumulation of fat laterally may indicate presence of lobulation or of a double kidney. In 
reduction of the volume of a kidney, the fatty capsule may be thickened correspondingly. 
Thus in a slight general reduction in size, a slight thickening of the fatty capsule may be 
seen on the side involved. In local scar formation a local fat pad may be seen. In marked 
shrinkage the fat may be abundant and occasionally the fat may be seen on both sides 
of the renal capsule: outside the capsule, fat padding increases; inside the capsule, fatty 
replacement of destroyed renal tissue occurs. 

It is difficult to recognize the outline of normal kidneys if the fatty capsule is thin. 
In early infancy and in old age the capsule is normally thin. The so called oblique views 
(turning of the patient about 45° to the right on examination of the right kidney, and to 

I "Survey films" and "scout films" are other terms for these films. "Plain films" is an expression not 
always adequate but most commonly used. 
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the left for the left kidney) will enhance definition because a much larger area of the fatty 
capsule will then coincide with the direction of the roentgen rays. The upper part of the 
urinary bladder is well outlined because of the surrounding layer of fat; in women 
patients a clear border is usually seen between the bladder and the uterus. 

1. Position of kidneys 

The position of the kidneys varies within a fairly wide range. The right kidney is 
usually somewhat lower than the left. In one third of all persons both kidneys are at 
the same level. In children the kidneys are relatively lower than in adults and it is 
claimed (PETREN, 1943) on the basis of anatomic studies that the right kidney assumes 
its definitive position at the age of 5-7 years, the left at 8-10 years. 

Fig. 1. Distances in cm, cranially and caudally from the middle of vertebra LII, of the poles of normal adult 
kidneys in plain roentgenograms. Dotted lines indicate ± 2 s (After MOELL) 

9 

Fig. 2. Distances in cm of the cranial and caudal poles of normal adult kidneys from the midline in plain roent
genograms. Dotted lines indicate ± 2 s (After MOELL) 

The posterior surface of the kidney is usually situated 5-9 em ventral to the surface 
of the skin of the back. The kidneys are usually related to the twelfth rib. As a rule, the 
level is such that the middle of the kidney is projected at the level of the upper half of the 
second lumbar vertebra. Sometimes, however, the poles of the kidneys may be situated 
the height of a vertebral body above or below the ordinary level (Fig. la, b). The most 
medial part of the kidney is usually projected onto or close to the tip of a transverse pro
cess, usually that of the first lumbar vertebra (Fig. 2a, b). The longitudinal axis of the 
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kidneys forms an angle of up to about 20° with the midline of the body (Fig. 3a, b). The 
medial outline of the kidney usually runs parallel to, and at a distance from, the psoas 
muscle varying with the thickness of the fatty capsule. The position of the kidneys in 
relation to the midline (distance and angle) and to the middle of the second lumbar ver
tebra was determined in 100 normal men and 100 women, aged 20 to 40 years, with appar
ently healthy kidneys. Statistical analysis showed that in males both kidneys are situ
ated more laterally and that the angle between the longitudinal axis of the kidney and the 
midline is greater than in females. In both sexes the right kidney was lower than the left. 
The results are given graphically in the diagrams (MOELL). 

The kidneys lying on the angulated plane provided by the iliopsoas muscles are ro
tated with the medial parts anteriorly. The angle is fairly marked, which can be illustrated 
in a projection close to the lateral projection of the body. In such a projection the kidney 
pelvis on one side will be seen in a true lateral projection and the other kidney pelvis in 
a practically true frontal projection in the film. This means that the angulation is so great 
that the planes of the kidneys meet in the medial line under an angle close to 90°. 

Fig. 3. The angle between the longitudinal axis of the kidneys and the midline. Dotted lines indicate ± 2 s. 
(After MOELL) 

The kidney also forms a caudally open angle in relation to the frontal plane of the 
body. This means that the caudal kidney pole is directed more ventrally in supine position. 
With the usual perpendicular direction of the beam the kidney will therefore appear 
somewhat shortened. As the object film distance for the caudal pole is larger than for the 
cranial pole, the former will appear somewhat enlarged or plump. If a kidney is markedly 
displaced caudally, the above changes will be very marked. The angle varies widely in 
different patients as well as from side to side in the same patient and with the respiratory 
phase. The angle is usually larger on the right than on the left side (HEGEDUS, 1972). 

The angle between the long axis of the kidney and the sagittal plane of the body 
may differ with body build: a short, stout person can have a greater angle. This angle 
may change if the kidney pelvis dilates or if an expansive lesion presses the kidney. 
Note, however, that a difference in the angle between the two sides is very common. This 
depends to a great extent upon the position of the kidneys: a higher position makes the 
angle smaller and a lower position increases the angle since the lower kidney pole is then 
more influenced by the psoas muscle. 

The mobility ofthe kidneys in cranio-caudal direction is not insignificant. Respiratory 
excursions, which are well known from anatomic and roentgenologic studies, are made 
possible by the fact that the renalfascia encloses a space, closed cranially up to the diaphragm 
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and laterally but open caudally (Fig. 4). The posterior leaf of the renal fascia is the muscle 
fascia of the psoas muscle. This posterior leaf is more or less fixed while the anterior leaf 
is fairly slack. Since this cranially closed sac is attached to the diaphragm, the upper part 
of the sac and the kidney follow the excursions of respiration. Since the perirenal fascia 
is a direct extension from the diaphragm, the movable diaphragm is a sine qua non for 
normal renal mobility. The range of mobility is limited by the vascular pedicle, by the 
attachment of the kidney to the suprarenal and by the fact that connective tissue runs 
from the renal fascia through the fatty capsule to unite with the fibrous capsule of the 
kidney. But even then the kidney is still fairly movable. Normally the range of movement 
is about 3 cm, somewhat less on the right side than on the left and somewhat larger for 
women than for men. On deep respiration, however, excursions of up to 10 cm may be 
recorded. These respiratory excursions of the kidneys have long been utilized for dia-

Fig. 4. Schematic drawing (after GEROTA) demonstrating relation of renal fascia to kidney and adrenal and to 
diaphragm 

gnostic purposes and have been systematically charted to form the basis of a supplemen
tary examination method (HILGENFELDT, 1936; HESS, 1939; BACON, 1940). It may be 
useful for locating calculi and metal fragments, for example, within or outside the kidney. 
It can also be used in the diagnosis of processes preventing excursions, e. g. edema, perine
phritis etc. It is, however, of value only as a supplement to other examination methods. 

The best demonstration of renal mobility is obtained by examining the patient in 
supine and in erect position and comparing the position of the kidneys in the two result
ing films in relation to landmarks in the lumbar spine (Fig. 5). 

KEATS (1931) in a large material found increased mobility of the kidneys in 18 % of 
women and 1 % of men and CAMPBELL (1967) stated that 90 % of mobile kidneys oc
curred in women. It is generally a condition of adult life and is much more common on 
the right side than on the left (80 % versus 15 %, 5 % bilateral) (THOMPSON and WALKER, 
1948). (Fig. 5). It has been suggested that decreased renal blood flow could be the cause of 
pain in some of these patients. GOTHLIN (1972) of our department has studied patients 
with mobile kidneys in supine and erect positions with a dye-dilution technique and found 
that the renal blood flow is unaffected and that there is no increase in vascular resistance 
in the erect position. 
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Extrarenal processes can displace the kidney. Enlargement of the liver, for example, 
can displace the right kidney distally, while shrinkage of the liver, as in cirrhosis, may 
be accompanied by cranial displacement of the right kidney. An enlarged spleen may dis
place the left kidney caudally and medially and flatten it, and so on. 

Fig. 5. Mobile kidneys. Urography. a) Prone position, b) Upright position. Both kidneys, especially the right 
kidney, move markedly downwards. Left kidney rotates slightly, the right kidney markedly 

A certain range of movement of the kidney in ventrodorsal direction is demonstrable. 
The position of the kidney in supine position is sometimes different from that in prone 
position. In the supine position the upper pole can fall ventrally and sometimes laterally 
(see Fig. 23). 

The range of movement of the kidney in mediolateral direction is very small. Defin
itely pathologic are cases where the kidney can be shifted manually across the midline 
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(ISAACS, 1971). This is due to a defect in the fascial attachment medially (SANDERS, 1957). 
A moderate range of movement towards the midline is sometimes demonstrable on exami
nation of the patient in the lateral position and with the beam horizontal (PRATHER,1948). 

In ptosis approaching a pathologic condition the kidney is displaced, usually with 
the right kidney in caudal direction. As the kidney is also displaced forwards along the 
psoas muscle, it rotates with the lower pole directed ventrally. Therefore in plain roentgen
ograms in supine position the caudally displaced kidney will appear shorter than usual, 
and the increase in object-film distance will result in geometric enlargement of the lower 

Fig.5b 

renal pole, which will then appear plump. The ptotic kidney is also situated more laterally 
than normally. 

It is clear from the remarks set forth above that it is sometimes difficult to decide 
whether the position and mobility of the kidney in a given case is normal or pathologic. 

It is stressed by COOK et al. (1971) that the upper urinary tract is the structure most 
commonly displaced by a retroperitoneal mass. It can be displaced in any direction ex
cept posteriorly. Forward displacement cannot be caused by an intraperitoneal mass. 
The lateral projection during urography is therefore helpful in determining whether an 
extrarenal mass is intra- or extraperitoneal. In a lateral projection obtained with a hori
zontal beam the renal pelvis normally lies posterior to the anterior border of the adjacent 
vertebral bodies. If the pelvis is located at the levels Th 12 to L 3, as is usually the case, 
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the ureters lie posterior to the anterior margin of the vertebral bodies of L 1 and L 2 and 
do not usually cross anteriorly to the spine until they reach L 4 or L 5. 

2. Shape of kidneys 

The normal range of variation in the shape of the kidneys is wide. Occasionally the 
kidneys are long and narrow, occasionally short and thick. The upper pole of the left 
kidney is often very narrow because of modelling of the kidney by the spleen. The lower 
pole on that side then appears plump or its lateral outline will bulge. The relationship 
between the kidney and the liver produces a corresponding shape on the right side. The 
kidneys are most frequently bean-shaped although long kidneys with scarcely any rolling 
of the hilum are sometimes seen. Occasionally, however, the kidney is markedly rolled 
and angular and its lateral outline will then bulge. The distance between the surface of the 
kidney and the pelvis may be large, sometimes so large that it is not possible to exclude 
the presence of a space-occupying lesion in the kidney. 
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Fig. 6. Classification of the kidneys according to thickness. Average thickness of right kidney = 57.3 mm, 
of left kidney = 59.9 mm (HEGEDUS 1972) 

The outline of the kidney is smooth as a rule, with the exception of the medial part 
where it may be interrupted or a recess may be seen due to the renal hilum. The width of 
the hilum varies and it is often possible to delimit only the cranial or caudal border 
distinctly. In double renal pelvis an unusually wide hilum or double hilum may be seen. 
Below the hilum the medial outline of the kidney bulges more than cranially to the hilum. 
This medial outline usually runs parallel to the edge of the psoas muscle, alongside it or, 
if the fatty capsule is thick, some distance from it. 

The surface of the kidney may be uneven because of persistent fetal lobulation. 
Such lobulation corresponds to the pyramids and occurs regularly before 4 years of age 
but may persist later. Usually only the deep furrows persist, namely those bordering on 
the pars cranialis, pars intermedia, and pars caudalis of the kidney (LOFGREN, 1949). 
Otherwise the outline of the kidney is smooth. 

The different shapes of the kidneys are also a reflection of the renal thickness, which 
differs between the two sides (Fig. 6). 

3. Size of kidneys 

The size of the kidneys is important per se and for estimating the amount of kidney 
parenchyma, especially in cases of generalized parenchymal diseases (see chapter L). 
The kidneys vary widely in length and breadth. In roentgenograms taken at a focus
film distance of 1 metre and without correction for ordinary variation in the object-film 
distance the length and breadth of the kidneys has been measured by MOELL (1956). 
Pertinent references are given in his paper of 1961. 

The determinations were made on plain roentgenograms of the abdomen of 100 males 
and 100 females 20-49 years of age with apparently healthy kidneys. The total area 
(sum of products of length X width of right and left kidney) and kidney weights found 
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Fig. 7. Size of normal kidneys in males and females (After MOELL) 

post mortem were also correlated to form an opinion of the mass of the renal parenchyma. 
In males both the right and the left kidney were significantly larger than in females, also 
the total area. The left kidney was also significantly larger than the right in males and 
females. The results are given in the figures (Fig. 7 a, b). 

The sizes of normal kidneys in adults are as follows with the standard deviation within 
brackets: 

1 {right 12.9 (0.80) X 6.3 (0.45) £ 1 fright 12.3 (0.79) X 5.7 (0.46) 
rna es left 13.2 (0.49) X 6.3 (0.49) ema es heft 12.6 (0.77) X 5.9 (0.42) 

The kidney-weight can be predicted from the diagram (Fig. 8) representing a material 
of over one hundred pairs of kidneys. The figures are treated logarithmically. The thin 
lines indicate a range of 2s. 
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The size of the kidneys was not found to vary appreciably with body build (stature, 
body weight, m 2 body surface, and area of vertebra Ln , as measured in the roentgenogram). 

On the basis of angiographic studies HEGEDUS (1971) has made an investigation of 

10 No. 

5 
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Fig. 9. Classification of the kidneys according to the roentgenologic volume. Average value of right kidney = 

295 cm3 (open fields), ofleft kidney = 311 em3 (hatched fields) (HEGEDUS 1972) 

kidney volume (Fig. 9). The roentgenologic volume was related to volume of autopsy 
kidneys, with the post mortem skrinkage of the kidney specimens taken into account. 
The average decrease was found to be 24 %. The roentgenologic volume (using the true 

a b 

Fig. 10. Rapid fall in blood pressure in connection with splenoportography: a) left kidney at beginning of exa· 
mination; b) same kidney after rapid fall in blood pressure. Kidney size has decreased markedly; length of 

kidney diminished from 12 em to 10 em 

lateral projection in the calculation) was found to be approximately 50 volume percent 
higher than the true volume. 

The size of the kidney may diminish considerably in connection with shock and 
after restoration of normal conditions following a short period of shock the size may return 
to normal (Fig. 10). 
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4. Calcifications projected onto the urinary tract 

Calcifications are often seen at plain roentgenography of the urinary tract. They may 
be situated within or outside the urinary tract. Calcifications in the kidneys may be of 
many types and will be discussed in association with various diseases. Calcifications 
projected onto the urinary tract but situated outside the urinary pathways are,for example, 
calcified lymph nodes, gallstones, extrarenal vascular calcifications, fecal matter, etc. 
It is necessary, of course, to decide whether they are intra-or extrarenal. This may be deter
mined readily by changing the projection and taking oblique views in the manner des
cribed above. Calcifications situated within the kidney, thus in the renal parenchyma or 
renal pelvis, are then projected onto the kidney, regardless of the angle of projection. 
Calcifications lying outside the kidney will, in suitable projection, be projected outside 
the kidney. The more distant a calcification is from the anterior or posterior surface of the 
kidney, the less the angle of projection need be changed to project it outside the kidney. The 
closer an extrarenal calcification is situated to the kidney, the more the angle of projection 
must be changed to show that it really lies outside the kidney. Judging from certain uro
logic handbooks, various elaborate and unnecessary procedures are sometimes used for 
ascertaining whether calcifications are situated within or outside the kidney. Such proce
dures can be replaced by the simple measures described above. 

Change in projection is of importance also in the examination of calcifications in 
or beneath the ureter. 

It may be well in this connection to mention a source of error which, although not 
common, is very embarrassing if it leads to erroneous interpretation. A fibroma or 
atheroma in the skin of the back and raised above the surface of the skin may cause a 
local increase in density which may be projected onto the kidney and simulate a stone. 
The source of error is well known from chest examinations but should be borne in mind 
even in the examination of kidneys. Oblique views will show that it is a question of 
a finding dorsal to the kidney and a glance at the patient's back will explain it. 

Calcifications in the veins, phlebolites, are very common. They may be unilateral 
or bilateral, solitary or multiple, and of various sizes an shapes. They are often very dense 
and laminated. Occasionally they occur exclusively on one side. They are important in differ
entiation from ureteric stones. It may be difficult in some cases to decide whether a cal
cification or one of many calcifications is a phlebolite or a ureteric stone. Urography or 
pyelography will solve the problem (see chapter E). 

Prostatic calcifications are often seen. They vary widely in size, number and distri
bution. They are usually symmetrical but occasionally occur almost exclusively on one side. 

The suprarenals are fairly often seen as triangular, soft tissue densities surrounded 
by fat and situated cranially to the kidneys. 

In plain roentgenograms a rounded soft tissue formation is often seen above the left 
kidney. This has been misinterpreted as suprarenal tumor. In reality it is the contracted 
fornix part of the stomach which, because of its backward tilt, lies with its axis in line 
with the beam, with the result that the organ tends to appear as a density in the roentgeno
gram. 

Plain roentgenography is important per se and as a guide to planning of subsequent 
examination with contrast medium. It is wrong to undertake roentgen examination of the 
urinary tract with contrast medium without previous, careful plain roentgenography. 

II. Additional methods 

1. Zonography and tomography 

If it is difficult to outline the kidneys because of lack of perirenal fat, zonography 
or tomography may be resorted to. These methods, by enhancing the contrast, can facil
itate recognition of the outline of the kidney. If for some reason the intestine cannot 

2 Handbuch der med. Radiologie, Bd. XITI!l 
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be cleansed satisfactorily, it may be difficult to study the kidney. In such cases zonography 
is valuable. The method should not, however, be used routinely as a substitute for plain 
roentgenography. Neither should it be used simply to avoid proper preparation of the 
patient. 

Another indication for tomography is in outlining the kidneys in association with 
retroperitoneal pneumography. It may occasionally be used to advantage in connection 
with nephrography, for example, but it should not be resorted to for purposes served 
equally well by simpler ordinary methods. 

On the basis of antero-posterior plain roentgenograms of the abdomen, DURE-SMITH 
and McARDLE (1972) have constructed a diagram to facilitate the choice of level for tomo
graphy of the kidneys. Using the predicted level of cut with one cut 2 cm above and another 
2 cm below this level, the kidney could be shown in the great majority of cases with an 
optimal angle of swing for routine use of 25°. Zonography was found not to eliminate 
overlying bowel gas adequately and multi-leaf cassettes were found to give an unaccept
able loss of detail. 

Transversal tomography may be of value on occasion in association with retroperi
toneal pneumography. 

2. Retroperitoneal pneumography 

If it is difficult to demonstrate the kidneys and suprarenals by plain roentgenography, 
gas may be injected into the retroperitoneal space to increase the contrast between these 
organs and the surrounding tissue. The gas may be injected directly around the kidney. 
The examination is usually known as perirenal gas insufflation or pneumoren (ROSENSTEIN, 
1921; CARELLI, 1921). This method has been used to some extent and has been discussed 
in the literature (SINNER, 1955). However,it has been more or less superseded by the method 
described by Rurz RIVAS in 1947, in a preliminary report, and in 1950, in further detail. 
This method is simple and more reliable. It has been described under various names 
such as retropneumoperitoneum, pneumoretroperitoneum, retroperitoneal emphysema, 
retroperitoneal gas insufflation, perirenal gas contrast, extraperitoneal pneumography. 
It will be referred to here as retroperitoneal pneumography. This method has received 
much attention in the literature (see COCCHI, 1957). 

Anatomy. The method is based on the fact that retroperitoneal organs, in this case 
the kidneys and suprarenals, are embedded in more or less fatty connective tissue continu
ous with connective tissue in other regions. The pelvic connective tissue thus continues 
directly upwards inter alia into the retroperitoneum and further through and above the 
diaphragm. The retroperitoneal connective tissue is voluminous in those spaces situated 
on either side of the lumbar spine and containing the kidneys and suprarenals enclosed 
in the renal fascia. This fascia is described as surrounding the kidneys and suprarenals 
like a veil closed laterally and cranially but more or less wide open caudally (Fig. 11). Gas 
injected into the connective tissue space retrorectally can pass up into this retroperitoneal 
space and, via the caudal opening, enter the renal fascia and surround the kidney and 
suprarenal and find its way into the interstices in the connective tissue between these 
two organs. The fatter the connective tissue the quicker the gas will enter the loose tissue, 
while denser connective tissue will offer more resistance to the passage of the gas. Some
times the connection between the kidney and the suprarenal may be so dense as not 
to permit the passage of gas between the two organs. 

Technique. The patient is prepared for the examination in the same way as for uro
graphy. Some authors recommend premedication of one sort or another, mainly sedatives, 
but this is, as a rule, unnecessary. 

Contrast media: Various types of gas such as nitrogen, carbon dioxide, nitrous oxide 
and helium have been used. Attempts have been made to use pentane, the boiling point 
of which is lower than normal body temperature and which thus volatilizes in the tissues. 
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Oxygen is most commonly used because it is rapidly absorbed, usually within 24 hours, 
and because it involves scarcely any risk of embolism. This gas, if it enters the vascular 
system, may be bound by the blood pigments (see under "Hazards" below). The gas 
most readily soluble in the blood, however, is carbon dioxid, whereas air is absorbed only 
slowly. The use of helium has been suggested by LEVINE (1952) and SENGER et al. (1953). 
This gas should not be used, however, because it is the least soluble and therefore the most 
dangerous. Statements that helium "casts a somewhat darker shadow than the air" and 
that it gives a "slightly sharper contrast than air" only reveal astonishing lack of know
ledge of the fundamentals of diagnostic radiology. 

The amount of gas used varies between 1/2-F/2liters. In children the dose may be 
reduced down to 100 ml. 

Many authors have expressed the view that tomography is necessary in association 
with retroperitoneal pneumography (GANDINI and GlBBA, 1954; GIRAUD et al., 1956, 
etc). It is not necessary but may on occasion be helpful. Transverse-section tomography 

Fig. ll. Schematic drawing (after RUIZ RIVAS) illustrating relation between retrorectal-retroperitoneal connec
ti ve tissue space and renal fascia 

may also be used. Abdominal angiography has been performed in association with this 
examination method (GOODWIN et al., 1955, etc.). To judge from illustrations in the liter
ature, the method is used in connection with many other procedures, mostly unjusti
fiably. 

The use of high voltage technique, about 200 kV, rational in methods where gas is 
used as contrast agent, is advocated by ENGELKAMP (1960). 

Puncture technique. The coccyx is identified and puncture is made with an ordinary 
lumbar needle immediately adjacent to this bone. The tip of the needle is directed medially 
and cranially and towards the sacrum. Penetration of the rectal mucosa can be avoided 
by palpation with a finger in the rectum. A modification with the introduction of the 
needle through one of the coccygeal intervertebral spaces has been suggested (PALUBINSKAS 
and HODSON, 1958). The advantage of this procedure is that the needle is held more firmly 
in position. Another modification is presented by LANDES and RANSOM (1959). They 
place two thin vinyl catheters in the retro-rectal space. 

To be sure that the tip of the needle is not situated within a blood vessel, aspiration 
is tried and, to secure a free injection space, a small amount of physiologie saline can be 

2* 
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injected. Via a sterile pipette with a layer of cotton wool for sterilising the gas, the needle 
is then connected with a gas container of the type used for therapeutic pneumothorax 
or gas myelography, for example. During puncture and injection of the gas the patient 
may be in the knee-elbow position or lying on his side, preferably with the side of greater 
diagnostic interest uppermost. The gas is injected fairly slowly. Some authors check the 
position of the gas under fluoroscopy after a few hundred millimetres have been injected. 
This is, as a rule, not neccessary. After the gas has been injected films are exposed, usually 
plain films and possibly with the patient in different positions, including the erect position 
to secure passage of the gas to those areas of greatest diagnostic interest. During and after 
the injection of gas the patient has a feeling of fullness or abdominal tension and occasion
ally slight pain in the diaphragm, sometimes radiating up to the shoulders. 

The equipment necessary for the procedure is simple. The items are listed by BLAND 
(1958). 

Haza'rds. Deaths, mostly from gas embolism, have been known to occur in associa
tion with pneumoren. This is not surprising since the gas is injected quite close to the kid
ney and might therefore be accidentally injected directly into the kidney. The lesion 
caused by the actual puncture may also result in bleeding with the formation of a perirenal 
hematoma (OOPE and SCHATZKI, 1939). RUIZ RIVAS' method, on the other hand, has been 
described by many authors as involving no risks. In his original publication RUIZ RIVAS 
stated that the risk of gas emboli was small because the most vascular tissue encountered 
during puncture is the actual skin, while the retor-rectal tsisue is very poor in vessels. 
STEINBACH and SMITH (1955) performed the examination on 1,995 patients without any 
fatalities or serious complications. In a collection of 1,500 cases, of which some were prob
ably included in the above collection, MOSCA (1951) found no serious reactions. STEIN
BACH and SMITH, however, described 4 cases in which gas had been injected into the pres
acral tissue with very serious complications, 2 fatal, one resulting in hemiplegia and one 
in severe shock which, however, disappeared without sequelae. In the two fatal cases, air 
had been used as contrast medium. One of the patients in whom oxygen had been used 
was placed on the left side as soon as the reaction occurred and the symptoms disap
peared. DURANT et al. (1947) observed in animal experiments that in this posture no air 
trap arose in the right ventricular outflow tract. 

RANSOM et al. (1956) made a survey including over 9,000 retroperitoneal pneumo
graphies by the presacral route. In 24 of these cases the examination was fatal and in 33 it 
caused severe non-fatal reactions (over 2,000 examinations of the pneumoren type caused 
34 deaths and 31 severe non-fatal reactions). The investigation showed that the frequency 
of fatalities was equal when air or oxygen was used and the authors concluded that oxygen 
is not safer than air to any significant degree and recommended the use of carbon dioxide, 
which is 20 times more soluble in blood than is oxygen. (STAUFFER et al. in 1957 and 
GROSSE-BROCKHOFF et al. in 1959 used this gas as a contrast medium for angiocardio
graphy and injected large amounts directly into the vascular system without undesirable 
reactions. ) 

Since the above dates, further cases of general reactions have been described without, 
however, contributing to our knowledge of the risks involved in the use of the method. 
A strange case of gas embolism in association with the use of oxygen, 600 ml, described by 
SCHULTE (1959) must be mentioned however. The examination was accompanied not only 
by shock, but also by the simultaneous appearance of cherry-sized livid spots on the skin 
of the back at the level of the low ribs. The general reactions disappeared as soon as the 
patient was placed on the left side. 

METZLET et al. (1972) report on retroperitoneal pneumography in 98 patients through 
the use of carbon dioxide. All of the patients had marked pain in the back and abdomen. 
Marked rise in blood pressure occurred in three of five patients with pheochromocytoma. 

It is obvious that all precautions must be taken. It must be checked, for example, 
that the tip of the needle is not situated within the lumen of a vessel. This check must 
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be repeated on observation of any change in the position of the needle during the exami
nation. The gas must be injected slowly, and gas soluble in blood should be used. 

Other complications are emphysema of the scrotum, of the mediastinum and of the 
neck. In addition, cases of pneumothorax and pneumoperitoneum have been described. 
Poor asepsis will, of course, favor infection. 

In the evaluation of the risks it may be convenient first to consider the indications. 
Retroperitoneal pneumography should not be used unless other roentgen methods have 
first been tried without success. The large series of retroperitoneal pneumography reported 
by some authors only show that the method is undoubtedly often used on very loose indi
cations or quite unnecessarily. 

Fig. 12. Retroperitoneal pneumography 

The method is contraindicated by any local inflammatory process at the intended 
site of injection and by poor general condition, particularly when due to cardiac insuffi
ciency. 

Normal anatomy. Normally it is not difficult for the gas to enter the renal fascia and 
surround the kidneys (Fig. 12). Since the gas may flow into the renal fascia and partly accu
mulate outside the latter, the fascia is sometimes seen as a thin membrane along part 
of the lateral outline of the kidney (Fig. 13). As previously mentioned, the kidney is held 
in position by a large number of connective tissue bands running from the fascia to the 
surface of the kidney, which can be loosened by the gas when it forces its way into the 
connective tissue. The kidney may then be mobilized. OOONEY et al. (1955) described a 
case of complete tilting of the kidney, which rotated 90 0 without causing any symptoms 
whatsoever. As a rule the mobility of the kidney in this type of examination appears to 
be limited, as judged by a comparative examination of seven cases by POLVAR and 
BRAGGION (1952). The fat forming the capsule of the kidney, a thick layer on the posterior 
surface of the kidney and thinner ventrally, often has a reticular or areolar appearance 
because of the division of the connective tissue, which can vary from one individual 
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to another and with the examination technique, such as with varying thickness of the 
layers at tomography and with the amount of gas (VESPIGNANI and ZENNARO, 1951). 
It will sometimes give the outline of the kidney an irregular appearance which must not be 
interpreted as pathologic. 

On occasion, only a small amount of gas or no gas at all will enter the interstices 
between the kidney and the suprarenal if the connective tissue is dense, and the upper 
pole of the kidney cannot then be defined. 

The suprarenals vary in size, position and shape. Judging from the liter
ature, demonstration of suprarenals by this method appears to be both simple and reli
able. But this is by no means always the case. The right suprarenal is usually situated 
adjacent to the upper pole of the kidney, like a cap, and is more or less triangular with 
an elongated cranial tip. The depths in sagittal direction may vary widely, for which re
ason many advocate not only frontal tomography, but also lateral tomography. The 
shape of the left suprarenal is more irregular and has been described as semilunar. It is 
situated more medially and lower in relation to the renal pole. It may sometimes be diffi
cult to define the outline of the suprarenals exactly because they vary in consistency 

Fig. 13. Retroperitoneal pneumography. Tomogram (film from simultaneous serial multisection tomography) 
showing renal fascia on left side and adrenals 

with the amount of fat in the parenchyma or because of the thickness and reticulation 
of the fatty capsule. They also vary in size. Thus on the basis of frontal films, STEINBACH 
and SMITH (1955) gave the following planimetric values: for the right suprarenaI2~7,8 em, 
with a mean of 4.2 cm2, and for the left suprarenaI2~8.7 cm2 , with an average of 4.3 cm2• 

This wide range, which does not take into account the above-mentioned wide variation 
in sagittal diameter, makes it difficult to diagnose hyper- and hypoplasia. In the evalu
ation of the appearance of the suprarenal by this method the examiner must rely largely 
on his experience. 

3. Roentgen examination of the surgically exposed kidney 

Roentgen examination of the kidney during operation has been used particularly 
for locating calculi and for checking that no stones have been left at operation. 

On examination of the kidney during operation a cassette is placed over the operative 
field (SUTHERLAND, 1935; ASTRALDI and URIBURU, 1937) or a film is placed in the actual 
wound. The latter method is the more important. The procedure is briefly as follows: 
The kidney is exposed, a film is inserted and placed against the kidney, the roentgen tube 
is adjusted and the beam coned to cover the kidney. As a rule a suitably sized film is 
wrapped in black paper and then packed in a sheet of rubber, a sterilized operation sleeve 
or the like. Special cases have also been designed for this purpose. AKERLUND (1937) had 
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ready-packed films made similar to those employed in dentistry. A ready-packed film of 
this type is placed in a sterilized rubber glove. In order to prevent infection when the 
packed film is being introduced into the glove, use is made of a loading guide, consisting 
of a metal sleeve. The whole package is held against the exposed kidney by means of 
elastic ribbons. The disadvantage of a package of this type is the lack of intensifying 
screens, which reduces contrast and makes a longer exposure time necessary and may 
thus cause poor definition, and small stone fragments may not be demonstrable. 

In an attempt to eliminate these disadvantages, ordinary cassettes have been used 
(JACHES; FRANCOIS, 1932) or thin cassettes made particularly for the purpose (BENJAMIN, 
1931; PurGVERT GORRO, 1943). Such stiff cassettes are, however, difficult to insert into 
the operative wound. 

In order to secure a flexible, small, suitable packed film with intensifying screens, 
OLLE OLSSON (1948) designed a rubber cassette similar to that employed in industry for 

Fig. 14. Flexible, easily sterilized rubber cassette with flexible intensifying screens for roentgen examination of 
operatively exposed kidney. Film obtained with cassette 

the roentgen inspection of material (Fig. 14). The cassette consists simply of a flat rubber 
bag 10 X 15 cm. The film and two intensifying screens are dropped into the bag. The mouth 
of the bag is closed by means of a clamp. The bottom of the bag is provided with a spout 
through which the air content of the closed bag may be withdrawn by means of a syringe. 
This decreases the thickness of the cassette and at the same time presses the screens tight 
against the film, which is important for obtaining sharp pictures. 

The screens are of the type used for industrial purposes. They are supplied in standard 
sizes such as 9 X 12 cm. In these screens the fluorescent coating has been applied to a 
flexible material. 

Thanks both to the material of which the cassette is made and the construction of the 
screens, the loaded cassette is very flexible. In other words it is an easily sterilizable, conven
ient and flexible cassette with intensifying screens. The cassette has been dimensioned 
to suit a standard-sized film 9 X 12 cm (4 X 5 inches). As mentioned, standard screens, 
coarse and fine-grained, are available for this size of film. 

The rubber cassette is sterilized in the same manner as the rest of the rubber articles 
used at operation. An assistant with sterilized gloves holds up the sterilized cassette in 
the dark room of the operation department, where it is loaded with the aid of a guide 
consisting of a metal sleeve. The mouth of the cassette is closed by the assistant with a 
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single pair of resection tongs or with two, one on each side. The mouth may also be closed 
in any other suitable manner. If tongs are used, such types should be chosen as may be 
used as handles when the cassette is being introduced into the operative wound. When 
loaded, the cassette is placed on the assistant's table and the air is withdrawn. Every 
time the syringe is removed from the spout, the latter is closed by means of a clip. As a 
rule about 60 cc of air can be sucked out of the cassette. When the air has been withdrawn, 
the spout is sealed by means of a small stopper. The cassette is then ready for use. It is 
immaterial which of the two screens is placed next to the organ to be examined. To render 
possible the double-sided use of this cassette the practice of making one of the sides of the 
cassette of lead rubber, for example, to prevent secondary radiation from the underlayer, 
has been discarded. 

Roentgen examination for stones in the surgically exposed kidney has been used main
ly for locating concrements in the renal pelvis (see section on Renal Calculi). Pyelography 
(FRANCOIS, 1932; HEUSSER, 1937) and renal angiography (ALKEN, 1951; GRAVES, 1956) 
have also been performed during operation. Fluoroscopy with a specially modified appa
ratus has also been described (BASKIN et al., 1957). Apart from the difficulty in securing 
sterile conditions, such fluoroscopic examinations, like all other fluoroscopic examinations 
during operation, are not to be recommended because of the difficulty in securing satis
factory radiation protection and acceptable conditions for fluoroscopy. If fluoroscopy is 
nevertheless considered to be indicated, it should be performed with the use of an image 
intensifier and television. 

III. Pyelography and urography 

1. Pyelography 

In pyelography, contrast medium is injected directly into the renal pelvis or via the 
ureter, as a rule through a catheter with the tip in the renal pelvis or at any desired level 
of the ureter. The contrast medium may also be deposited in the ureteric orifice or the 
urinary bladder and the ureter then filled by gravity or by reflux by high pressure in the 
bladder. Particularly in children with an incompetent ureteric orifice it is usually easy 
to obtain a filling of the renal pelvis by lowering the head and allowing the contrast medi
um to flow from the bladder into the ureter and further into the renal pelvis. A filling can 
also be obtained by percutaneous puncture of the renal pelvis or the ureter and injection 
via a needle or cannula, or via an opening after pyelostomy or via a fistula, so-called ante
grade pyelography. 

a) Oontrast media 

Originally silver was used as a contrast element in the form of Collargol (Ag has the 
atomic number 47, atomic weight 107,88; the corresponding figures for iodine are 53 and 
126,92, for barium 56 and 137,37 and for thorium 90 and 232,15). Collargol was often attend
ed by serious side reactions, however. It was soon superseded by halogen salts such as 
sodium and potassium bromide or iodide and lithium iodide. These contrast media are 
also sometimes attended by clinical reactions and experimentally they have been proved 
to cause damage to the epithelium of the renal pelvis and the ureter with desquamation, 
edema, hyperemia and hemorrhage. 

Later a colloidal thorium dioxide was used as a contrast medium. It was believed to 
be ideal because it was almost non-irritable. It was soon realized, however, that if this 
insoluble and non-absorbable contrast medium escaped into the tissues in association with 
reflux, for example, it would remain there and give rise to granuloma. That the radio-



Contrast media 25 

active effect of thorium can lead to malignant metaplasia is well known. Therefore thorium 
should be completely abandoned as a contrast agent. Judging from the literature, it is 
still in use in some quarters for special purposes, but even then it is not acceptable. Thoro
trast is still of clinical interest because rests of the medium persistent after pyelography 
performed many years previously with thorotrast and with the medium lodged in the 
tissues, possibly in granulomatous masses, are still occasionally observed (Fig. 15). 

Later the contrast media which we now use for urography became available. They 
are the only media that should be used for pyelography. 

Fig. 15. Patient who several years previously underwent pyelography with thorium dioxide. Remainder of 
contrast medium lodged in tissues intrarenally and along double ureters after extravasation by bacldlow during 

procedure 

Judging from illustrations in papers and textbooks, there seems to be a tendency to 
use contrast media of too high a density. High concentration of the contrast media will 
produce sharp outlines of the hollow organs examined, but too high a density is likely to 
mask changes within the renal pelvis, even fairly marked changes such as polyps or stones. 
Therefore the examiner should use the contrast medium in a concentration that, in relation 
to kilo-voltage used, can give well detailed pyelograms. 

Possibly as a reaction against too high a density of contrast medium with its above
mentioned disadvantages, gas, particularly oxygen, has been used as a contrast medium. 
Gas can undoubtedly be indicated in certain investigations, e. g. so-called double-contrast 
examinations. A mixture of hydrogen superoxide solution with ordinary contrast medium 
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has been suggested (KLAMI, 1954) to induce the formation of gas bubbles in pathologic 
processes in the renal pelvis which liberate oxygen from hydrogen peroxide. The advantage, 
if any, of this method appears to be very small. 

b) Method 

Pyelography can be performed in two essentially different ways, namely with and 
without fluoroscopic control. 

Usually it is performed without such control. Contrast medium warmed to body tem
perature is injected via the catheter, and films are taken after a certain amount of contrast 
medium has been injected or when the patient complains of a feeling of tension or pain. 
Attempts have been made to calculate the amount of contrast medium that should pre
ferably be injected by measuring the volume of the contents of the normal renal pelvis. This 
volume varies normally from 4 to 12 cc. In addition, some of the contrast medium may 
flow back, or, upon malposition of the catheter, it may be deposited in a single calyx. This 
method is therefore not reliable. The contrast medium was injected until the patient re
ported discomfort in the region of the kidneys, which was taken as a sign that the renal 
pelvis was filled. The pain threshold varies considerably from patient to patient, however; 
therefore this method has severe inherent sources of error. The difficulty in obtaining a 
suitable degree of filling of the renal pelvis is great and reflux often occurs, which inter 
alia may make interpretation of the films difficult (see chapter on backflow). 

The other and better procedure is to carry out the examination under fluoroscopic 
control. It can be improved by the use of an image intensifier and television. This variation 
of pyelography has been called pyeloscopy, which name is obviously not correct. A more 
correct designation is pyeloradioscopy or pyelofluoroscopy. 

In the performance of fluoroscopy the field must be coned, the voltage relatively 
high, and the current as low as possible. The duration of the fluoroscopic examination 
should be reduced to a minimum. This holds for every type offluoroscopy, also when an image 
intensifier is used. Advertisements of manufacturers and the technique ofless conscientious 
roentgenologists often neglect the fact that fluoroscopy with the use of image intensifiers 
calls for the same restrictions regarding radiation protection as does all other fluoroscopic 
work. An image intensifier working with 3 mA gives the same output as does an ordinary 
fluoroscope working with the same current, other data being equal. In an investigation of 
radiation hazards attending the use of transportable image intensifiers, KOCKUM et al. (1958) 
conclude that roentgen units of this type require additional radiation safety standards, 
especially when placed in the hands of radiologically unskilled workers. This also holds 
when a TV system is used. 

During fluoroscopy well coned films can be obtained in suitable projection and with a 
suitable degree of compression. 

The position of the catheter must be checked in pyelography. The tip of the catheter 
should be situated in the confluence of the renal pelvis or in the upper part of the ureter. 
If it is not checked it may be too high, e. g. in a calyx, and a filling may be obtained of that 
calyx only, which may then be inflated and cause risk of misinterpretation. The tip of the 
catheter may occasionally be pushed inadvertently into the renal parenchyma and the 
contrast medium deposited there, or be inserted through the renal parenchyma with 
deposition of the contrast medium subcapsularly. A gentle technique must be used in 
inserting the catheter up into the ureter in order to prevent lesions in the ureteral 
mucosa or deeper in the ureter. 

If the ureter is to be examined, the catheter is withdrawn a suitable distance. The 
entire ureter can be examined by using a catheter with an olive-shaped tip or an acorn 
bulb, metal bulb, or cone tip. These catheters block the ureteric orifice. Films may be taken 
also during the actual injection of the contrast medium, (when protective measures 
against radiation hazards should, of course, be strictly observed.) 
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If the renal pelvis is dilated and its drainage obstructed, attempts may be made to 
aspirate the contrast medium after the examination; otherwise the catheter may be left 
in situ for some hours in order to facilitate drainage. 

During pyelography the movements of the kidney will be studied under application 
of manual pressure or during the respiratory cycle (SCHEELE, 1930; ALFERMANN, 1950). 

Fluoroscopy and spot-film radiography are valuable particularly during pyelography 
and urography (JUNKER, 1936; PREVClT, 1939), not only for the reasons given above 
but also in the study of the motility of the renal pelvis and the ureter. Kymography has 
also been used for this purpose, also cine-radiography. The latter method should be used 
only with an image intensifier. 

It is possible clearly to distinguish systole and diastole in the renal pelvis (NARATH, 
1951) and to study the course of certain contractions. The two renal pelves contract 
independently of one another with regard to rhythm and frequency, with pressure fluctu
ations of 3-4 mmjHg (KIlL, 1957). 

The literature on the motility of the renal pelvis is considerable. It must be stressed, 
however, that it is to a large extent of limited value. Examination with a catheter which 
partly obstructs the flow and influences the motility, together with retrograde injection 
of a contrast medium which, in addition, is not quite inert, interferes with physiology. 
An experimental situation in which pyelography is used does not provide a sound basis 
for investigation of true physiologic conditions in the urinary pathways. Reference may 
here be made to PREVOT and BERNING (1950), DAVIS (1950), NARATH (1951) and KIlL 
(1957), for example, who have presented extensive surveys of pertinent literature. 

As mentioned, the kidney is tilted so that the cranial pole of the kidney is situated 
more dorsally than the caudal pole, and the medial part is higher i. e. more ventral than 
the lateral (Fig. 16). The confluence is therefore situated further ventrally than the rest 
ofthe renal pelvis. This is of importance in the performance of urography and pyelography. 

The specific gravity of ordinary contrast media is higher than that of body fluids such as 
urine, blood etc. This gives rise to a layer formation between contrast medium and the 
rest of the contents of a cavity (the phenomenon is sometimes incorrectly called sedimen
tation). Ignorance ofthis phenomenon has often resulted in misinterpretation and erroneous 
evaluation of the actual findings in examinations of different kinds with contrast media, 
particularly in urologic radiology. The phenomenon was first described by LAURELL (1924) 
and has since been studied in further detail by RIBBING (1933) in retrograde pyelography 
and by ETTINGER (1943) in urography. Formerly it was believed that only Thorotrast 
was capable of causing this phenomenon, because of its poor miscibility with urine, but 
it has since been shown that water soluble contrast media infused into the renal pelvis 
via the catheter for retrograde pyelography or contrast urine coming from the papillae 
during urography can produce the same phenomenon, which is also confirmed by daily 
experience. This is why the dorsal and cranial calyces are filled first and most completely, 
since, because of the position of the kidney, they are situated lowest when the patient is in 
the supine position. 

Layer formation is of importance in the evaluation of the pelviureteric junction. 
A narrow junction in the film or a band-like transverse filling defect at the site of the 
junction may be caused only by incomplete filling of this most ventrally located anatomic 
part. What looks like narrowing of the junction may thus mean just incomplete filling of 
a lumen of ordinary diameter. This also holds for "narrowing" of the ureter, which may 
be caused by a bend of the ureter in the ventral-dorsal plane and incomplete filling of 
the bend. Suitable and complete filling of all parts of the renal pelvis and the ureter there
fore requires examination of the patient in different positions. This is also necessary for 
free projections and suitable filling of single calyces and for obtaining a three-dimensional 
impression of the renal pelvis, and therefore provides further support for the view that 
the examination should be carried out under fluoroscopic control. In certain conditions 
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a 

b 

Fig. 16. a) Position of calyces, confluence and ureter when patient is examined in supine position. Cranial 
ualyces lowest, confluence highest. b) Roentgenograms illustrating position of calyces and kidney pelvis and 
creter in antero-posterior direction. Urography in patient with operative fistula between ureters and small 
bowel with gas passing from bowel to urinary pathways. Left part of picture supine position: calyces with 
dorsal position filled with urographic contrast medium whereas confluence part of kidney pelvis and ureter are 
filled with gas which has lower specific gravity than urographic contrast medium. Right hand picture prone 

position: distribution of gas and urographic contrast medium reversed. 
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the layer formation plays a special role and dictates several steps in the method (see 
chapter on dilatation). 

In association with pyelography, contractions of the renal pelvis are sometimes seen, 
especially on less gentle catheterization. Cases have been described (HENDRIOCK, 1934) 
in which marked contractions of the entire renal pelvis have been observed during catheter
ization. The examination should therefore be performed as carefully as possible. 

Pyelography is undoubtedly in abundant use in the study of the kidney pelvis. In a 
great majority of cases urography would be a better and less traumatic method of ex
amination. 

c) Roentgen anatomy 
The discussion ofthe anatomy of the renal pelvis requires an acceptable nomenclature. 

The nomenclature used by anatomists differs from that used by clinicians. In addition 

a b 

Fig. 17. Varying primary anatomy of kidney pelvis. Nomenclature of kidney pelvis demonstrated in b. --+ con
fluence --+ branch *-> stem of calyx itf-> calyx 

the nomenclature in the clinical literature is by no means uniform. Thus, some authors 
use the term renal pelvis to designate the entire renal pelvis, while others mean only that 
part of it formed after the confluence of the individual calyces. Some authors call this 
part the saccus or ampulla, which are sometimes very inappropriate names. The term 
calyx is used with the epithet minor to describe a single calyx, but also used with the epi
thet major to designate a group of calyces. Important parts, as far as nomenclature is 
concerned, are the stems of the calyces minores and majores. We use a nomenclature pre
sented in 1946 by JOHNSSON of our department. According to this, that part of the renal 
pelvis where the different calyces meet is called the confluence; the calyces majores, the 
branches; after which come the stems of the calyces and the calyces. 

Wide variations occur in the shape, width and branching of the renal pelvis, in the 
number of calyces, in the size and length of the stems, and in the important region of the 
pelviureteric junction (Fig. 17-25). These variations in shape are based on embryologic 
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Fig. 18. Other examples of infinite variation in morphology of kidney pelvis 

Fig. 19. Both upper kidney poles dominant with large upper branches 
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conditions and are related to great differences in the time at which production of urine in the 
fetal kidney causes the breakthrough of the septa outlining the adjoining ureteral "anlage". 
At an early breakthrough a dendritic kidney pelvis results. If there is a lag in the break
through, an ampullary kidney pelvis is found, with short calyces (LUDWIG, 1971). 

The kidney is built up of 14 papillae with 6 in the cranial part, 4 in the intermediate 
part, and 4 in the caudal part. These papillae are arranged in a ventral row and a dorsal 
row. Often several papillae fuse, always in the tips of the papillae, so that the number 
found in a normal kidney is usually 8 or 9 (LOFGREN, 1949). This fusion ofthe papillae has 
a strong moulding effect on the calyces, with the result that calyces of widely different 
shapes occur. The shape varies also with the degree of filling. At urography and pyelogra
phy it is necessary to take films at suitable angles, usually by turning the patient, in order 
to obtain true lateral projections of the individual calyces of particular interest in a 
gIven case. 

Fig. 20. Small sprout from caudal branch, cranial branch and confluence without a calyx. This anatomic variant 
is not uncommon 

The renal pelvis is often divided into two parts, the division coinciding with the pri
mary bifurcation angle. The upper branch is then of the same shape as the upper part of 
a double kidney (see chapter on anomalies) and the upper pole may be large and the lower 
pole smaller than ordinarily is the case. 

A not uncommon variant of the renal pelvis is a small sprout usually from the base 
of the upper branch (Fig. 20). It has the appearance of a calyx that has been blocked and 
is probably due to some slight disorder during embryologic development. A micro calyx 
or otherwise unsually shaped calyx is sometimes seen at this site, which corresponds to 
the primary bifurcation angle in embryonal life (Fig. 21). 

The calyces vary widely in shape, even when they are completely filled with contrast 
medium. The stem may be very long or short, wide or very narrow. Several calyces may 
lie close together with a common stem. The actual calyx can vary widely in diameter and 
deviate from its normally round shape. The edge of the calyx may be angular or rounded 
and vary in different parts of the circumference of one and the same calyx and may be 
of different height. Detailed examination of the anatomy may require several well coned 
films in different projections secured by turning the patient or angulating the beam. 
During urography under ureteric compression, pictures should be made routinely with 
the patient turned to the right and to the left, in order to have each calyx in a suitable 
projection. Occasionally very small calyces with long or short stems, so-called micro-ca
lyces, are seen (Fig. 22). 
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Fig. 21. Different types of calyces at same site as of sprout formation illustrated in Fig. 20 

a b 

Fig. 22. Microcalyces in a) cranial and b) middle part of kidney pelvis 
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Not only the size and shape of the papillae influence the form of the calyces, but also 
the form of the sinus and the amount of sinus fat. The branches and stems may form 
different-sized angles with one another, usually acute. If the sinus fat is abundant, 
however, the branches may be pushed apart and one or more of the angles between them 
may then be rounded to such an extent as to simulate a space-occupying lesion. 

A certain similarity is often, although not always, seen between the shapes of the 
renal pelves on either side. 

In a renal pelvis with many and long branches pathologic changes are easier to recog
nize than in renal pelves in which the calyces are, so to say, situated directly on the con
fluence. 

The confluence may have the shape of a sac or ampulla, but it may also be very narrow. 
If the confluence is wide, it may, of course, be difficult to draw a line of distinction between 
normal width and pathologic widening. 

a b 

Fig. 23. Roentgen anatomy: Position of kidney in a) supine position and b) prone position of patient with 
mobile kidney 

Change of position of the patient may cause an apparent change in the shape of the 
kidney pelvis (Fig. 23). 

At urography, contrast urine in the ducts of the papillae often causes a blush of the 
papillae. 

The pelviureteric junction varies widely, from a confluence gradually tapering and 
merging with the ureter to a distinctly outlined confluence merging abruptly with the 
ureter. The actual pelviureteric junction in such cases varies considerably in width. The 
level of the pelviureteric junction also varies and the ureter may be described as having 
a high or low point of departure from the renal pelvis. In the evaluation of the width, 
films must be taken in different planes and it is important that the region under exami
nation be completely filled with contrast medium (Fig. 24, 25). 

The anatomic background of the variation is the arrangement of muscle fibers in the 
kidney pelvis. At the base of the calyces the circular direction dominates; at the pel
viureteric junction there is one circular and one more longitudinal layer with continuity 

3 Handbuch der med. Radiologie, Bd. XIII!l 
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a b c 

Fig. 24. Pelviureteric junction. Urography: a) diastole. pelviureteric junction not filled; b) systole, junction 
filled and of ordinary width; c) ureteric compression released. Slight ptosis of kidney causes fold at junction. 

a b 

Fig. 25. Pelviureteric junction. Urography: a) frontal and b) oblique projection. Junction is flat and therefore 
of narrow appearance in a) but of ordinary width in b) 

over into the layers in the ureter. There is no anatomic sphincter m the pelviureteric 
junction (LUDWIG, 1971). 

Pyelography provides good possibilities for studying the ureter in the manner described 
above. At urography (see below) films taken immediately after release of ureteric compres
sion provide a good basis for the study of the ureters. Normally the filling obtained of 
the ureter during urography is not continuous. If it is so, this is due to the examination 
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a 

b 

Fig. 26. a) Course of ureters; b) variation in roentgen anatomy of ureters at point of intersection between 
ureter - iliac artery 

3* 
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technique or to some pathologic condition, usually a more or less marked stasis in the 
ureteric orifice or distal thereto. 

The ureters run from the kidneys medially, often in a slight curve up along the psoas 
muscle and then more or less parallel with and fairly close to the spine, to the lower part 
of the ileosacral joints. There they bend laterally, occasionally markedly, at other times 
less markedly, making an extra bend over the iliac artery and then again run medially to 
the ureteric orifice in the bladder (Fig. 27). At the same time the ureters pass from a 
dorsal to a more ventral position in relation to the promontory, at which level the ureters 

a b 

Fig. 27. Relationship ureter - iliac artery. Contrast medium and catheter in right femoral artery. Narrowing 
by impression of ureter at level crossed by artery. a) frontal view; b) lateral view 

have their most ventral position during the entire course from the kidney pelvis to the 
bladder. The last section extends in a fairly sharp angle medially and ventrally (Fig. 26). 
This part can best be shown with the patient sitting leaning forward and the beam directed 
obliquely downwards, from behind. This projection is usually not necessary, however. 

The ureteric orifice is often distinct when a small amount of contrast medium is in 
the bladder and the interureteric ridge can be seen (as a result of layer formation). If a 
normal-sized uterus is not situated in the midline, it can dislocate the ureter. If the floor 
of the bladder is high, the lowest segment or the distal part of the ureters may be lifted. 

The spina ischiadica is often used as a landmark in the description of stones in the 
distal part of the ureter, for example. It should be observed, however, that the ureter is 
situated approximately F/2 inches from the spina ischiadica both cranially and ventrally, 
and that the ureter nowhere in its course comes near the spine (WADSWORTH and UHLEN

HUTH, 1956). Occasionally the ureter may be very tortuous during ureteric compression, 
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which need not imply disease. Often the ureter is slightly widened, particularly on the 
right side, immediately above the level where the ureter crosses the iliac artery. In fact, 
the ureter is almost always somewhat wider above this level than below it. 

The ureter may be influenced in its course by adjacent tissue. Thus osteophytes in 
connection with spondylosis deformans may influence and make an impression on the 
ureter (Fig. 28). A widened and tortuous aorta may also impress and displace the ureter, 
especially when an aortic aneurysm is present (Fig. 29). Retroperitoneal tumors and 
enlarged lymph glands may also displace and/or infiltrate the ureter (Fig. 30). Super-

Fig. 28 Fig. 29 

Fig. 28. Impression and slight displacement of right ureter by osteophytes in spondylosis deformans 

Fig. 29. Displacement of left ureter by aortic aneurysm 

numerary and anomalous arteries and veins can cause displacement and make an impres
sion, as can, for example (see below), a large diverticulum of the bladder. 

Ureteric peristalsis can be studied cinematographically or kymographically. Ureteric 
contractions always travel to the end of the ureter, with no relationship between pressure 
amplitude and speed of travel. Retrograde contractions occasionally occur (KIlL, 1957). 
JULIAN and GIBBA (1957) state that the average speed of the peristaltic wave varies be
tween two and six cm per second and that the renal excretory rate determines the frequency 
of the contractile waves, usually three or four per minute. 
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The peristalsis in the ureter is influenced by several intra- and extraureteral factors' 
and the adaptability is great. Adhesion of the ureter and changes in the ureteral wall mark
edly influence peristalsis (MELCHIOR and RATHERT, 1971). 

The renal pelvis often shows filling defects in the form of indentations in various 
parts of the edge of the renal pelvis or band-shaped defects across a branch, the stem of 
a calyx, or across the confluence. The changes responsible for some of these defects 
have long been known. Thus WOLKE (1936) showed that a rigid artery may cause such a 
defect. These phenomena have, however, also been the subject of much discussion in which 
spastic conditions have been supposed, but not proved. Such spastic conditions have also 

Fig. 30. Displacement of left ureter by enlarged glands - metastases from malignant teratoma of testes, 
lymphography 

been supposed to occur locally in sphincters, the existence of which has not always been 
proved. BORGARD (1944, 1948) compared pyelograms with the vascular anatomy as seen 
at operation, and in some cases he believed that normal vessels were observed to produce 
stasis in the calyces with pyelitis as a consequence. GUNTHER (1950) tried to explain the 
defects as spasms due to pyelitis and described (1952) the cause as "Unruhe, Spasmo
philie" etc. but presented no evidence in support of his claim. 

On the basis of angiographic studies in from early arteriographic to late phases 
when contrast medium is present in the kidney pelvis, it can be shown that normal ar
teries and also veins can cause slight impressions in the kidney pelvis varying with differ
ences in the position of the patient and degree of filling of the kidney pelvis (Fig. 32). 
The linear filling defects can thus be explained by vessels, usually arteries, sometimes veins, 
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)metimes a combination of the edge of the parenchyma and vessels. Common to most 
fthese changes is the fact that they can be observed when the renal pelvis is not completely 
lIed, i. e. before application of ureteric compression, and that they disappear as soon 
s the renal pelvis has been filled during compression. They can also appear distinctly 
uring diastole, while they will disappear upon increase in tonus during systole. Decrease 
1 tonus of the renal pelvis favors demonstration. 

The anatomy of the kidney pelvis and the ureter may also be influenced by anomalies 
1 the vasculature, both arteries and veins. Fig. 31 represents a patient with two renal 
rteries on the right side. The caudal artery, starting from a low segment of the lumbar 
orta, crosses the ureter close to the pelviureteric junction and causes a slight impression 

Ifig. 31. Multiple renal arteries: slight compression of ureter by artery to caudal kidney pole stemming from 
aorta at bifurcation in iliac arteries 

in the ureter. The influence on the ureter with slight displacement and impression by an 
~nomalous vein from the caudal part of the left kidney is illustrated in Fig. 32. 

The anatomy of the hilum can usually be studied completely in the nephrogram. 
Large anatomic variations can be seen, and in the nephrogram it will also be shown 
distinctly that certain defects in the renal pelvis, especially in its edges, correspond to 
and are thus due to, the edge of the parenchyma. 

The distance between the renal pelvis and the outer border of the parenchyma is of 
diagnostic interest because it decreases with scar formation in the parenchyma and in
creases in the presence of a space-occupying lesion. In normal kidneys the measurement at 
a focus-film distance of 100 cm was found to be 2-2.7 cm and in only one instance did 
it reach 3 cm (BILLING, 1954). The distance between the renal pelvis and the outer margin 
of the parenchyma in the poles of the kidney may, however, exceed 3 cm. 
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b c 

Fig. 32. Filling defect in right kidney pelvis caused by artery. Comparison with arteriogram shows complete 
agreement between defect in urogram shown in end phase of angiography and ventral branch, which impresses 

kidney pelvis b) renal angiography, c) urography in end phase of angiography. 
Influence on ureter of anomalous veins from caudal part ofleftkidney. d) Urography, e) angiography venous phase 

d) Antegrade pyelography (Fig. 33) 

In certain cases in which the renal pelvis is dilated and in which no excretion is 0 b
tained at urography, in which retrograde pyelography cannot be resorted to because 
it is not possible to pass the catheter, for example, and in which angiography does not 
yield sufficient information, the renal pelvis may be punctured percutaneously and 
contrast medium be deposited directly into it (WEENS and FLORENOE, 1947; WIOKBOM, 

1954; FLOYD and GUY, 1956). The method has been called antegrade pyelography. A 
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Fig. 32. d, e Fig. 33 

Fig. 33. Antegrade pyelography. Long-standing pain on right side ; no excretion on right side at urography. 
At antegrade pyelography after p ercutaneous puncture of right kidney pelvis: moderate dilatation of right 

ureter down to complete block. At operation: coagulum in ureter 

special type of antegrade pyelography is that in which the contrast medium is deposited 
directly into the renal pelvis via a catheter inserted for pyelostomy or via a fistula out 
to the skin. 

e) Oontraindications 

As a rule, pyelography should not be performed if urography will yield the desired 
information. Broadly speaking, in these cases pyelography is a supplementary method 
to urography. The more the examiner is familiar with urography, the less will he resort 
to pyelography. The most important risk of pyelography is infection, and rise in tempera
ture is not uncommon after pyelography. Attempts have been made to control or elim
inate this risk by incorporation of an antibacterial agent in the contrast medium (BLOOM 
and RICHARDSON, 1959). The problem is complicated, however, and is made still more 
difficult by the nosocomial infections with resistant bacteria which regularly occur in large 
hospitals. 
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According to many experienced urologists, pyelography should not as a rule be used 
in the investigation of patients with tuberculosis and co-existent cystitis or of patients 
with obstructed drainage of the renal pelvis, thus in many cases of hydronephrosis. In 
cases in which the renal pelvis contains stagnant urine, the risk of infection is great. 
Other risks are instrumental lesions ( see chapter on renal tuberculosis) and perforation 
(see chapter on injury to the kidney and the urinary tract). 

If pyelography is performed instead of urography, because of renal insufficiency, 
measures should be taken to avoid reflux. In such cases one may in fact give an intra
venous injection via the backflow (see chapter on backflow). Pyelography is occasionally 
performed instead of urography because of hypersensitivity to the contrast medium. 
The risk of reflux should be observed especially in such cases. Symptoms of hypersensitiv
ity may also occur in association with retrograde pyelography without backflow. One 
case was described by BURROS et al. (1958) in which bilateral pyelography was followed 
by anuria, probably because of edema of the ureteric mucosa due to hypersensitivity 
to the contrast medium. 

For cases in which catheterization is nevertheless considered to be indicated and thE 
risk of infection regarded as slight, pyelography is, of course, preferred by many urologists. 
The tendency is, however, to start the investigation with urography and continue witb 
pyelography only if really necessary. The better the urographic examination is performed 
and the more the examiner is familiar with the diagnostic possibilities of the method and 
the more he is able to use suitable modifications for all aspects of problems presenting 
themselves during the examination, the less often will pyelography be necessary. 

As to the question whether pyelography can be performed on both sides in one session 
experienced urologists and roentgenologists can, from their personal experience, producf 
evidence both for and against either alternative. Suffice it here to say that limitation 0: 

the procedure to one side at a time is naturally the safer procedure and this is the tech· 
nique we use. 

2. Urography 

Since the end of the 1920's urography has had an established place as an importan1 
diagnostic tool in the management of urologic problems. The method is based on th! 
capacity of the kidneys to clear the blood of certain crystalline substances in which, fOJ 
the purpose of urography, two or three iodine atoms have been incorporated in th! 
molecule, and which are concentrated in the kidneys because of their reabsorption 0 

water. 

a) Oontrast media 

Most contrast media for urography contain two or three iodine atoms per mole cuI! 
bound to a pyridine or benzene ring. All of the media contain a carboxyl group to mak! 
them water-soluble. As a rule, the carboxyl group is attached directly to the ring, but l 
CH2-group may be inserted between the ring and the carboxyl group. If a larger hydro 
carbon group radical is inserted, less will be excreted in the urine and more in the bile 
If the amino-groups are acylated with lower fatty acid radicals (acetyl, propionyl) it wil 
make the salts more soluble and less toxic. If higher fatty acids are used for acylation 
less will be excreted in the urine and more in the bile. A keto-group or an amino-grou] 
facilitates the introduction of iodine in the pyridine benzene ring. Only 2 iodine atom 
can be introduced into the pyridine ring or 3 in the benzene ring, if the amino group i 
attached in the meta position in relation to the carboxyl groups. 

Below is given a list of common contrast media together with the chemical formulas 
molecular weights, iodine content, official and commercial names (trade marks): 
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Table 1. Contrast media used for urography 
I. N-Methyl-3,5-diiodo-4-pyridone-2,6-dicarbon in acid is used in the form of the di-sodium salt. 

Structural formula 

o 
II 

J()J 
NaOOC'N/COONa 

I 
CHs 

Molecular weight 
492.9 

Official names: 
Sodium Iodomethamate USP 
Iodoxyl BP 
Trade marks: 
Uroselectan B, Schering AG, 
Neo-Iopax, Schering Corp., 
Uropac, May & Baker, 
Urombrine, Dagran, 
Urumbrine, Boots 
Pyelectan, Glaxo 

Iodine content 
51.5 % 

43 

II. 3,5-diiodo-4-pyridone-N-acetic acid is used in the form of the salt of diethanolamine-(a) , diethylamino-(b), 
morfoline-(c) or methylglucamine-(d). 

Structural formulas: 

o 
II 

J""A/J 
II II 
'Nl ) I /CH2CH20H a 

CH2COOH·NH 

""CH CH OH 

o 

J",,)\/J 
II J 'f /CH2CHs b) 

CH2COOH·NH 

o 
J",,},,/J 

II II 

""CH2CHs 

'N/ CH d) 
I / 3 

CH2COOH·NH 

""CH2(CHOH)4' CH20H 

JYi olecular weight 
a) 510.1 
b) 478.1 
c) 492.1 
d) 600.2 

Iodine content 
49.8% 
53.1% 
51.6% 
42.3% 
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Official names,' 
Iodopyracet USP 
Diodone BP 
Diodonum NFN 

Trade marks,' 
a) Perabrodil, Bayer, 

Arteriodone, May & Baker, 
Dijodon, Leo, 
Diodrast, Winthrop-Stearns, 
Leodrast, Loven, 
Neo-Tlmebryl, Guerbet, 
N osydrast, Winthrop-Stearns 
Nosylan, ~Winthrop-Stearns, 
Perjodal, Pharmacia, 
Pyelombrine, Dagra, 
Pyelosil, Glaxo 
Pylumbrin, Boots, 
Umbradil, Astra, 
Uriodone, May & Baker, 
Vasiodone, May & Baker, 

a + b) Iodopyracet compound solution, USP, 
Diodrast compound solution, Winthrop-Stearns, 
Falitrast U, Fahlberg-List, 

c) Joduron, Cilag, 
d) Perabrodil M, Bayer, 

Glucadiodone, Guerbet, 
Hydrombrine, Dagra, 
Pyelombrine M, Dagra. 

III. 3-Acetylamino-2,4,6-tri-iodobenzoic acid is used in the form of the sodium salt or the methyl gll1camine salt. 

Structural formulas,' 

J 

~O'" NHCOCH3 

J ~ J a) 

I 
COONa 

J 

0'" NHCOCH3 
J,,~ J 

I /CH3 b) 
COOH· NH 

"-CH2(CHOH)4 . CH20H 

Molecular weight 
a) 578.9 
b) 752.1 

Official names,' 
Sodium Acetrizoate NND 
Acidum acetrizoicum NFN 
Trade marks,' 

a) Urokon Sodium, Mallinckrodt, 
Acetiodone, Guerbet, 
Diaginol, May & Baker, 
Iodopaque, Labaz, 
Rheopak, Astra, 
Triabrodil, Bayer, 
Trijodyl, Lundbeck, 
Triopac, Cilag, 
Triurol, Leo, 
Urokon, Pharmacia, 
Vesamin, Byk-Gulden, 

b) Fortombrine M, Dagra. 

Iodine content 
65.8 % 
50.6 % 
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IV. 3,5.Diacetylamino-2,4,6-triiodobenzoic acid is used in the form of the sodium and methyl glucamine salt. 

Structural formulas: 

J 

CHaCONHOI NHCOCHa 
J ~ J a) 

I 
COONa 

Molecular weight 
a) 635.9 
b) 809.2 

Official names: 
Diatrizoate Sodium NND 
Acidum amidotrizoicum NFN 
Trade marks: 

Iodine content 
59.9 % 
47.1 % 

a) Hypaque Sodium, IVinthrop-Stearns, 
Hypaque, Winthrop 

a + b) Urografin (lOa + 66b), Schering AG, 
Renografin (lOa + 66b), Squibb, 

Hypaque M (la + 2b), Winthrop. 
Angiografin, Schering AG. 

V. 3,5-Dipropionylamino-2,4,6-tri-iodo-benzoic acid is used in the form of sodium salt. 
Structural formula: 

Molecular weight 
663.9 

Official name: 
Sodium diprotrizoate NNR 

Trade mark: 
Miokon Sodium, Mallinckrodt. 

Iodine content 
57.4 % 

VI. 5-Acetamido-2,4,6-triiodo-N-methylisophthalamic acid is used in the form of the sodium salt or the 
meglumine (methylglucamine) salt or the meglnmine !methylglucamine) and sodium salt)2. 
Structural formulas: 

a) 

2 Reference is made to STRAIN (1970): "Chemical composition and names of some principal water-soluble 
and cholecystographic contrast media." 
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J 

CH,CONH,,~CONHCH' hi 

J / ~ "'-J /CHa 

COOH·NH 

"'-CH2(CHOH)4CH20H 

Molecular weight 
a) 635.9 
b) 809.2 

Official names: 
Acidum iotalamicum rJNN 
Jodtalaminum NFN 

Trade marks: 
a) Conray Mallinckrodt 

Angio-Conray 
b) Conray Meglumin 

Iodine content 
59.9% 
47.1% 

VII. 3-Acetamido-5-acetamidomethyl-2,4,6-triiodobenzoic acid is used in the form of the meglumine (methyl
glucamine) salt or the meglumine (methylglucamine) and sodium salt. 
Structural formulas: 

a) 

J 
I 

CHaCONH",()/CH2NHCOCHa 

J/ ~ "'-J /CHa 

COOH ·NH 

"CH2(CHOH)4CH20H 

Molecular weight 
a) 649.9 
b) 823.2 

Official names: 
Jodamidum rJNN 

Trade marks: 
a) Uromiro 300, Bracco 
a + b) Uromiro 380 (lOa + 61 b) 

Iodine content 
58.6 % 
46.3 % 

b) 

VIII. 3-Acetamido-2,4,6-triiodo-5 (N-methyl acetamido) benzoic acid is used in the form of the sodium, calcium 
and magnesium salt or the meglumine (methylglucamine) and calcium salt or the meglumine (methyl
glucamine), sodium and calcium salt or the meglumine (methylglucamine), sodium, calcium and magne
sium salt. 

Structural formulas: 

a) 



Molecular weight 
a) 649.9 
b) 823.2 
c) 1 293.9 
d) 1 278.1 

Official names: 

Contrast media 

2-'--

2-

Iodine content 
58.6 % 
46.3 % 
58.8 % 
59.6 % 

b) 

c) 

d) 

Acidum metrizoicum NFN 
Natrii metrizoas p INN 

Trade marks: 
a + c + d) 

b + 0) 

Isopaque (27.6a + 1.40 + 1 d), Nyegaard & CO. A/S 
Ronpaoon (27.6a + 1.40 + Id), Cilag-Chemie AG 
Triosil (27.6a + 1.40 + 1 d), Glaxo 
Isopaque Cerebral (52.3b + Ie), Nyegaard & CO. A/S 
Ronpacon 280 (52.3b + 10), Cilag-Chemie AG 

a + b + e) Isopaque Coronar 9a + 58b + 10) Nyegaard & CO. A/S 
a + b + c + d) Ronpacon 370 (28a + 38.8b + 1,40 + Id), Cilag-Chemie AG 

ev. (lOa + 65b + 1,10) 
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For brevity and clarity these groups of contrast media will hereafter be referred to 
as the di-iodine group and the tri-iodine group (with 2 and 3 iodine atoms, respectively, 
in the molecule). The contrast media within each of these groups differ considerably in 
quality. 

To be acceptable for such a common examination method as urography, the contrast 
medium must naturally be of low toxicity and must be well tolerated by the organism. 
Contrast media of the di-iodine and tri-iodine groups are of low toxicity. The LD 50 for 
the di-iodine group is, for example, about 3.5 g per kg body weight when used intravenously 
while the LD 50 ofthe tri-iodine group is still lower, namely 10-15 g per kg body weight. 

All contrast media have a certain generalized effect on the respiration and blood 
vessels. Contrast media belonging to the di-iodine group and some of those belonging to 
the tri-iodine group produce a fairly protracted dilatation of the vessels and sometimes 
contraction, while others such as diatrizoate sodium belonging to the tri-iodine group 
have hardly any demonstrable effect on the circulation. 
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The local tolerance of the tissues to the contrast media is high. This is of imortance 
in the diagnosis of diseases requiring a large amount of contrast medium of high concen
tration in an organ to be studied, e.g. in the kidneys for renal angiography. The specific 
local tolerance of the kidneys will be discussed in the chapter on renal angiography. 

Contrast media are capable of causing hypersensitivity reactions. This side effect 
will be discussed in association with the description of the injection of contrast medium. 

b) Excretion of contrast medium during urography 
Contrast media used for urography are excreted in the urine. About 1/2-1 liter of 

urine is produced per day, which implies that each kidney excretes 1/4-1/2 ml per minute. 
The excretion may increase somewhat during urography because ofthe diuresis produced 
by the contrast medium. This diuretic effect is different with different media. 

The contrast medium is excreted partly by ultrafiltration in the glomeruli and partly 
by excretion from the tubular epithelium. The amount excreted in either way varies 
from one medium to another. The principal excretion is by glomerular filtration how
ever. The amount filtrated is directly proportional to the concentration of the contrast 
medium in the plasma. A high concentration of contrast medium not bound to the plasma 
protein will thus result in high ultrafiltration. This increased ultrafiltration, however, 
is accompanied by an increase in diuresis by the diuretic effect of the contrast medium. 
The increased excretion is thus balanced, partially or completely, by the increased amount 
of urine, so that the concentration of the contrast medium in the excreted urine will remain 
unchanged. This regulation of the concentration of the contrast medium in the urine is 
known from experience with other diuretics such as para-amino-hippuric acid, which is 
excreted in the same way as diodrast (RAPOPORT et al., 1949). From a practical point of 
view, a higher iodine content in the excreted urine may give superior contrast conditions 
for studying the calyces and other details. On the other hand, an increase in diuresis may 
help fill the calyces more completetely and thus enhance the study of details. There is some 
difference in the molecular concentration of different media. It has thus been shown by 
BENNES and by CATTELL (1970) that sodium diatrizoate is excreted in higher concentra
tion in the urine than methylglucamine diatrizoate. This interesting physiological obser
vation does not mean any remarkable difference in the contrast concentration in the kidney 
pelvis and the quality of the urogram, however. 

Upon dehydration, the reabsorption of water is so marked that the concentration of 
the contrast medium in the urine will be higher than is normal. Thus if the osmotic pres
sure - if this term should still be used - on the tissue side is high, as it is in a dehydrated 
person, the reabsorption of water in the distal convolute tubuli will be increased to such 
an extent that the concentration of the contrast medium excreted will be higher than 
otherwise would be the case. A high osmotic pressure on the tissue side will thus permit 
a higher osmotic pressure on the tubular side, which in turn will result in the possibility 
that the kidneys will excrete a urine richer in contrast medium. 

The contrast medium excreted by the tubules is proportional to the blood concentra
tion only if this is low, but since the tubular excretion easily reaches a maximum with the 
ordinary doses used for urography (this maximum is 25 to 50 mg/min of diodrast iodine/ 
100 ml) the concentration is said not to increase further with increasing dose. Thus a further 
increase in the dose will, as a rule, not increase the density of the contrast urine in the 
kidney pelvis because, firstly, the increase in concentration by filtration is lowered through 
dilution by the increased diuresis and, secondly, the concentration by tubular excretion 
depends on the low excretion maximum of the tubules. 

This thus implies that the actual maximum molecular concentration of the various 
contrast media - independently of differences in the way they are excreted - is fairly 
equal for ordinary doses used for urography. An increased dose leads only to a prolongation 
of the constant level, which in human beings can be shown during urography simply by 
determining the specific gravity of the urine (HARROW, 1955). Contrast density of the 
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urogram, as mentioned, can be improved to a certain extent by restriction of fluid intake. 
KEATES (1953) thus found an increase in di-iodine concentration inpatients who had been 
deprived of fluid for 18 hours when compared with those deprived for 7 hours. 

In children below one year of age the concentration is often low due to their large 
fluid intake (WYATT, 1941). It should also be observed that during the first 2 weeks of 
life clearances in infants show low values, which afterwards increase, but with a wide 
individual variation (VESTERDAL and TUDVAD, 1949). It has been pointed out by NOGRADY 
and SCOTT-DuNBAR (1968) that in infants in the first month of life, excretion of intra
venously injected urographic contrast media is prolonged. The maximum concentration 
appears to be achieved at approximately 1-3 hours after injection. Therefore the number 
of films during the early part of the examination of infants should be restricted and the 
total examination period prolonged. 

HARROW (1955) suggested the use of a mixture of different contrast media because 
of the difference in the way contrast media are excreted, some being excreted mainly 
by glomerular filtration, others mainly by tubular excretion. Tubular secretion is negli
gible in modern contrast media, however; therefore this proposal no longer has validity. 

An important possibility of improving the contrast density of the urogram is to in
crease the amount of radiopaque component of the contrast medium without increasing 
the osmotic pressure. This can be done by using contrast molecules containing several 
iodine atoms. The tri-iodine media represent examples of this. A solution of tri-iodine of 
given tonicity contains more iodine than a di-iodine solution of the same tonicity (see 
below). 

As to the contrast density, the literature contains numerous reports of trials with, 
and the relative value of, new contrast media in comparison with other media. Such com
parisons are often oflittle or no value because the authors appear to have limited knowledge 
of the way in which the contrast medium is excreted and have not considered the sources 
of error in the evaluation of the results. MADSEN (1957) has pointed out that subjects to 
be examined represent such heterogenous conditions for excretion and technique of ex
posures that these factors alone make any evaluation illusory. It is better, but probably 
not sufficient, to submit the same patient to urography on two occasions within a short 
period. The only reliable basis is afforded by precise clinical and laboratory studies. Such 
investigations have shown that if the patient is dehydrated the amount of iodine ex
creted, i. e. the factor of importance, is larger if contrast media of the di-iodine group are 
used, while in non-dehydrated patients contrast media of the tri-iodine group are superior. 

The excretion of contrast media, however, also depends on the secretory pressure 
of the kidney and on the intrapelvic pressure. If the secretory pressure is lowered because 
of a fall in the arterial blood pressure, urinary secretion ceases. WICKBOM (1950) has shown 
this in urography of human beings in whom excretion ceased when the blood pressure 
was lowered down to 70 mm Hg. I have seen cases in which excretion ceased on fall of the 
blood pressure to 80 mm/Hg. This has been investigated experimentally by EDLING 
et al. (1954). An increase in the intrapelvic pressure can also increase or impair the excretion 
of contrast medium. This is discussed in the chapter on urography during renal colic. 

It is difficult to judge the density of contrast medium. This depends not only on the 
density of the contrast urine excreted but also on the amount of urine in the renal pelvis 
with which the contrast urine is diluted. In addition, the width of the renal pelvis must be 
considered, the thickness of the layer of contrast urine increasing with the width of the 
renal pelvis. In the beginning of excretion the contrast density of the urine in the renal 
pelvis will be lower because the excreted contrast medium will be diluted by the urine in 
the dead space in the tubules and renal pelvis. Not until this urine has been removed by 
contrast urine will the density in the renal pelvis increase. If the renal pelvis is contracted 
or unusually small, the thickness of the layer will be less and the density ofthe contrast will 
therefore accordingly be low at a late stage of the examination, while if the renal pelvis 
is wide, there will be a thick layer and therefore high contrast density. After application 

4 Handbuch det med. Radiologie, Ed. XIII!l 
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of ureteric compression the renal pelvis will increase in width and the contrast density 
thereby increase. In fact the width is of decisive importance in judging density. This ob
vious and important point has been clearly illustrated schematically by MINDER (1936). 

"An X-ray beam does not measure concentration but rather the total number of 
iodine atoms in its pathway. Hence radiographic density may be increased not only by 
increasing the concentration but also by simply increasing the volume while keeping the 
concentration constant" (DURE-SMITH et al., 1971). This is a good expression of an impor
tant fact. The authors believe, however, that this fact has not been taken into consider
ation by earlier workers in the field, which is a wrong assumption, as seen above. 

In addition, excretion of contrast medium is also judged by such a crude method as 
estimating the differences in the density as seen in the film. Despite standardization of 
the method of preparation of the patient, of the contrast injection, of the type and 
amount of contrast medium used, of exposure, development and viewing and even if it 
be assumed that the thickness of the layer of contrast medium in the renal pelvis is always 
the same, there still remains the fact that the film reproduces contrast densities poorly, 
and the power of the eye to perceive differences in intensity of contrast is low. 

As mentioned, modern contrast media have such a high iodine content that often a 
good contrast density can be secured in the renal pelvis even if a fair portion of the renal 
parenchyma is no longer functioning. This is demonstrated by the term selective pyelo
graphy (OLLE OLSSON, 1943), which implies that small portions of the kidney can excrete 
contrast urine of ordinary density, while other parts excrete urine of low density or no 
urine at all. This phenomenon can be demonstrated in films taken immediately after a 
kidney with local lesions has begun to excrete contrast urine. Later on in the examination 
this difference disappears and the renal pelvis can be filled with dense contrast urine com
ing from only a small portion of the kidney. Even in generalized kidney disease with 
decreasing capacity of the kidney to concentrate urine, the contrast density may be fairly 
high for a long time. This explains why the excretion of contrast urine may sometimes be 
good even in the presence of fairly severe renal damage. With a decrease in capacity of 
clearance by more than 50 % the contrast density in urography may still be good enough 
for diagnostic purposes. 

On the other hand, if the contrast excretion is low, this decrease may vary widely 
without its being demonstrable in the film or detectable by the examiner as reduced con
trast density. Finally, the absence of demonstrable excretion of contrast urine in uro
graphy may mean anything between impaired excretion and no excretion at all. The 
above remarks elucidate the possibility of judging renal function from the density of the 
contrast urine. It is obvious that this method for judging renal function is very crude. 
Neither is anything else to be expected, since urography aims at securing an excretion 
of contrast urine as dense as possible in as short a time as possible, and it must be said 
to have filled this requirement very well. 

Another method for judging the excretion of contrast medium has been suggested 
by RAVASINI (1935). He determines the time between the injection of contrast medium 
intravenously and the appearance of the contrast medium in the renal pelvis. According 
to this method, several films are taken soon after the injection of the contrast medium. 
In such an evaluation of the excretion the blood pressure must be taken into account. 
It the blood pressure falls on injection of contrast medium, excretion will be delayed. 
The amount of contrast medium injected and the concentration of the medium are also 
important. In my opinion, function can be better evaluated by determining the interval 
between the time of injection of a small amount of contrast medium and the appearance 
in the renal pelvis. Such a method, which might be called mini-urography, permits fine 
assessment of excretion. 

Heterotopic excretion of contrast media. The nature of an intravenous cholegraphic 
or urographic agent is based on the structure of the contrast medium molecule. The 5-
position in the aromatic ring seems to be the decisive factor as to the lipophilic or hydro-
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philic nature of the medium, the former constituting a cholegraphic, the latter a uro
graphic agent. This may also be expressed as the protein-binding capacity of a contrast 
medium. 

As pointed out by LASSER et al. (1962), the more strongly protein-bound contrast 
media appear to be excreted preferentially in the bile. In thetriiodobenzoate acid compounds, 
the absence of a prosthetic group at the 5-position in the benzene ring seems to determine 
the strong binding to albumin. This is the case with Urokon, and specifically with Ohole
grafin. The latter is therefore a cholegraphic medium, and on the same but slightly 
weaker grounds Urokon (sodium acetrizoate) also often leads to gallbladder filling at 
urography. WOLLEY et al. (1957) after intravenous administration of Urokon-sodium 70 % 
for urography in 'standard doses', could demonstrate gallbladder filling in 12 out of 25 
patients two hours after its injection. Media such as Hypaque and Urografin (sodium di
atrizoate), on the other hand, exhibit weak protein binding and seldom fill the gallbladder. 
SEGALL (1969), in reporting on contrast filling of the gallbladder at urography in five 
subjects, pointed out the rarity of this phenomenon. 

Sodium metrizoate (Isopaque), consisting of a balanced mixture of sodium, calcium, 
magnesium and methyl-glucamine salts and metrizoate acid, is closely related to sodium 
diatrizoate. When using this contrast medium for urography we have found that filling 
of the gallbladder is fairly often obtained in connection with the injection of the contrast 
medium. Filling of the gallbladder may be seen already during the actual examination 
but it seldom occurs under ordinary conditions. 

In a few patients who had been subjected to urography or angiography demonstrating 
ordinary conditions in the urinary pathways, considerable filling of the gallbladder was 
observed on examination of the bowel later the same day. The interval between the in
jection and the time of filling was about four hours. In a series of 25 patients, in whom 
ordinary conditions had been demonstrated at urography, no filling of the gallbladder 
could be observed in anyone of the patients in examinations performed five hours and 24 
hours, respectively, after urography, specifically to see if such filling occurred. Filling of 
the gallbladder in connection with normal urography using Isopaque as contrast medium 
is thus a rare phenomenon. 

On the other hand, the gallbladder is often contrast-filled at urography or angio
graphy if stasis in the urinary pathways is present. This occurs more often with sodium 
metrizoate than with the diatrizoate media. We have encountered several cases in which 
during urography in connection with an attack of pain (sometimes persisting throughout 
the examination) a marked or only slight stasis was present on one side only and at the 
same time filling of the gallbladder was observable during the actual examination. When 
this happens it may be used as an extra sign of diagnostic importance when the acute 
examination is performed for the purpose of a clinical differential diagnosis between an 
attack of cholelithiasis and urolithiasis, and if signs of stasis at urography are slight or 
absent when the examination is performed after the subsidence of pain. 

Filling of the gallbladder during the actual examination can be slight but may some
times be quite marked. If minimal, an increase in concentration will usually occur during 
the following hours and good filling may persist and be seen on the next day. 

We also have noticed filling of the gallbladder in a patient who immediately after in
jection of the contrast medium had a marked fall in blood pressure. No excretion could 
be seen through the kidneys until the blood pressure had risen. 

Filling of the gallbladder occurred in a patient with polycystic renal disease; this 
represents a borderline case of heterotopic excretion of contrast medium, as in uremia. 
This type of excretion thus seems to be the same with sodium metrizoate as with other 
contrast media. 

The difference in excretion in the bile between the salts of metrizoate and diatrizoate 
acids is not related to a great difference in the chemical composition, the only difference 
in this respect being the addition of a methyl group in the 3-position in the metrizoate 

4* 
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compound. This may affect excretion under certain conditions. Another factor seems 
more plausible, however, in relation to the excretion of the contrast medium through the 
liver in patients with acutely impaired renal excretion in renal colic. DAWSON et al. (1968) 
in experiments with rabbits and cats reported a half-life of intravenously injected sodium 
metrizoate (100 mg/kg) of 55 minutes, with an excretion of 88.4 and 86.6 % respectively 
in the urine, and 2.2 and 4.8 % respectively in the bile. In man, disappearance of the con
trast medium Isopaque 350 from the blood was found to be a two-rate process, with 
half-lives of about 15 minutes and 2 hours. As compared with the corresponding figures 
for sodium diatrizoate in the first ofthe two-rate processes related to available water space, 
sodium metrizoate was found to have a considerably shorter half-life, i. e. 15 minutes as 
compared with 52 minutes (STOKES and TER-PERGOSSIAN, 1964). It is probably this differ
ence that explains the excretion of the sodium metrizoate through the liver, with filling 
of the gallbladder more rapidly if acute, unbalanced stasis is present in the urinary pathways. 
The choice by the organism of the liver route for eliminating a contrast medium, which 
under ordinary conditions offers specifically rapid excretion through the kidneys, may 
be looked upon as a conditional safety resort (OLLE OLSSON, 1971). 

In renal insufficiency contrast medium injected for renal angiography, for example, 
is often seen to be excreted also through the bowel mucosa with a marked collection of 
the excreted medium in the colon (Fig. 34). 

Occasionally contrast excretion is seen in the stomach (SCHOLTZ, 1941). 
SIEMENSEN and AUGUSTIN (1972) in experiments on rabbits with terminal renal in

sufficiency and with and without blockage of the flow of bile from the liver, studied the ex
cretion of J odipamide and Diatrizoate under hemodialysis. With regard to the high degree 
of protein binding of J odipamide and corresponding limited possibility of dialysis, the 
authors recommend caution in the use of this contrast medium in uremic patients with 
concomitant disease in the liver and/or gallbladder. 

During cholegraphy some of the contrast medium is always excreted via the kidneys. 
In hepatic cellular failure the renal excretion of the medium may be increased and thereby 
convert cholegraphy into urography. A case has been described by THEANDER (1956) in 
which such an unintentional urogram revealed a space-occupying lesion in the right 
kidney, the kidney on the right side always being included in gallbladder survey films. 

c) Injection and dose of contrast medium 

The patient is prepared for the examination in the same way as for plain roentgen
ography of the urinary tract. In view of the smallness of many of the pathologic changes 
that can be seen during urography, proper preparation of the patient is important (see 
chapter B). Some authors recommend dehydration by restriction of fluid intake prior 
to the examination. This may be useful when di-iodines are used as a contrast medium, 
but is hardly necessary when tri-iodines are employed, except for patients with a large 
fluid intake. Withdrawal of fluids should, according to many authors, also imply that water 
enema should not be given because water can be absorbed from the large intestine. Since 
such water absorption is slow, a water enema is not contraindicated if given shortly before 
urography (STEINERT, 1952), regardless of the type of contrast medium used. 

As a rule, about 20 ml of contrast medium is injected for urography. We generally 
use 30-40 % solutions for the tri-iodine. Investigations of the tolerance to contrast 
media in association with angiocardiography have shown that large amounts can be used 
and therefore if, for some technical reason, the filling of the renal pelvis during ureteric 
compression is not satisfactory, the compression may be adjusted and a further dose 
of 20-40 ml, for example, injected. For children, the dose of contrast medium need not 
be so large, but should not be too small, 12-20 ml usually being suitable. If the dose 
is too small, contrast may be poor because of the relatively low tubular secretion in in
fants. 
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If desirable, the examiner may try a small dose of contrast medium for urography. 
In adults, good urography is sometimes possible with such a small dose as 3 ml of a con
trast medium in ordinary concentration. 

The medium is usually administered intravenously but may be given intra-arterially, 
intra-muscularly, or subcutaneously. On extravascular injection we usually dilute the 
contrast medium with one or two parts of distilled water and, before injecting it, we 

Fig. 34. Heterotopic excretion of contrast medium: filling of bowel and of gall bladder after angiography in 
patient with uremia 

prepare the site of injection with hyaluronidase to increase the rate of absorption (OLLE 
OLSSON and LOFGREN, 1949). 

Any extravasation following the intravenous injection of modern contrast media 
will cause only a reddening and tenderness and requires no special treatment. 

Oral and rectal administration of contrast media have been tried but as yet without 
success. 

Contrast medium has also been injected into the medulla of bones, e.g. in the tibia 
or the sternum. In such case the contrast medium must be diluted considerably, although 
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large amounts may be injected within a fairly short time (WALLDEN, 1944). This method 
is not widely used, however. 

Before the injection of contrast medium, the patient should empty the bladder, as a 
full bladder interferes with the excretion and transport of urine. As is known, filling of 
the bladder with oil was once used for urography instead of ureteric compression. It has 
been observed (NOGRADY et al., 1963) that at urography in infants and children during 
physiologic retention of bladder urine, stasis is produced in the upper urinary tract. This 
may occasionally simulate hydronephrosis and can be used to improve filling of the pelvic 
calyceal system. 

d) Urography in renal insufficiency 
With the contrast media formerly available, injection of contrast medium in marked 

renal insufficiency was counterindicated. With media now available, renal insufficiency 
is usually no absolute counterindication for urography. The relative counterindication 
lies in the fact that with low clearance values the excretion of contrast medium is so 
poor that it is of no diagnostic value. 

In evaluation of renal function by means of plasma creatinine concentration, SCHWARTZ 
et al. (1963) found little evidence of nephrotoxicity after injection of three-iodinated con
trast media. In only five of 90 patients was an unexplained rise in plasma creatinine con
centration found after urographic examination, and in four ofthese cases the change was 
transient. With a plasma creatinine concentration between 1.5 and 5.0 mg per 100 ml, 
the anatomy of the kidney pelvis could be studied and with concentration above 5 mg 
per 100 ml, a faint concentration in the kidney pelvis was found in half of the patients, 
usually sufficient for morphologic study. 

BARTLEY et al. (1968) presented a study of 161 cases with serum creatinine ranging from 
0.9 to 5.5 mg %. Urography was performed with the injection of 40 ml of Urografin 60 %. 
Diagnostically useful urographic examinations were obtained in all cases with serum 
creatinine below 1.6 mg %, in 90 % of the cases with serum creatinine of 1. 7-2.6 mg %, 
and in more than half of the cases with serum creatinine of 2.7-3.3 mg %. In one patient 
with a creatinine of 13.6 mg % the urography was good enough to exclude obstruction 
on both sides. FULTON et al. (1969) studied 55 cases with renal insufficiency where uro
graphy had been performed with either a large injection of contrast medium or infusion 
urography (see below) and found the urographic examinations to be diagnostically sufficient 
in the great majority of the cases. STAGE et al. (1971) in 225 cases with serum creatinine 
over 1.6 mg % at urography using Urografin 76 % in a large dose of 80-150 ml, found the 
examinations sufficient for diagnosis in all cases with creatinine below 6 mg % but also 
in several cases with creatine values above this level. In only 12 patients was the contrast 
filling of the ureters insufficient for diagnosis of a possible obstacle. 

KELSEY and CATTELL (1971) studied the value of urography in 48 cases with severe 
non-oliguric renal failure with a blood urea of more than 200 ml per 100 ml creatinine 
clearance ofless than 10 ml per minute, and found that the kidneys could be well outlined 
in all but four patients. In each of 10 patients with extrarenal obstruction this could 
be diagnosed and in only two patients without obstruction was no pyelogram seen. No ill 
effects were observed. The authors stress the necessity of the availability of dialysis. 

OWMAN (1972) in a survey of the literature on the toxic effect on the kidneys of con
trast media points out the important indication for urography in renal insufficiency in 
the differentiation between cases with and without obstruction of the urinary pathways 
as cause of the insufficiency. On the basis of this survey the author concludes that urography 
should be performed in the examination of patients with acute or chronic renal insufficiency, 
particularly if there is a problem of excluding obstacle to urinary drainage. It is important, 
however, that the patient undergoing such an examination is not dehydrated. The exa
mination must be performed with a large dose of contrast medium, one single dose to be 
preferred to infusion urography. The duration of the examination should in certain cases 
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be prolonged and films taken on the second day may reveal excretion. Tomography or 
zonography is often useful or necessary. Counter-indications are a marked state of dehy
dration, concomitant insufficiency of the liver, and the presence of myeloma. 

It may be mentioned in this connection that acute renal failure has been seen to 
occur shortly after urography in patients with long-standing diabetes and azotemia 
(PILLAY et al., 1970). 

e ) Urography in patients with myeloma 
Patients with myeloma have received particular attention from the point of view of 

possible damage to the kidneys by the urographic procedure. Renal lesions are very com
mon in myelomatosis. This type of lesion includes acute glomerulonephritis, nephrotic 
syndrome, water-losing nephritis, Fanconi's syndrome, renal tubular acidosis, acute 
tubular necrosis, and acute and chronic pyelonephritis, as related by SANCHEZ and DOMS 
(1960) who underlined the fact that renal disease is a common guise under which myeloma 
may masquerade and elude detection. Patients with this disease are therefore often re
ferred for urography, which is performed on the basis ofthe objective urinary findings, e. g. 
proteinuria. Urography may then be followed by acute or gradually increasing anuria 
(HOLMAN, 1939; BARTELS et al., 1954; KILMANN et aI., 1957; PERILLE and CONN, 1958). 
For additional literature see SVOBODA, 1967. The latter author also reports on urography 
in 14 patients with myeloma without reactions but stresses the necessity of the strongest 
possible indications for urography in myelomatous patients. 

MYERS and WITTEN (1971) stress that dehydration from vomiting or associated with 
the preparation for urography has been the common denominator that has preceded acute 
renal failure in myeloma. This may be an important factor but cannot be solely responsible 
for the acute renal failure. 

In 40 patients with myeloma in whom 52 urographies were performed mainly before 
establishment of the diagnosis of myeloma, VIX (1966) found no evidence of renal damage 
by urography and the author concluded that indications for urography in myeloma should 
be restricted in the same way as for other cases with decrease in renal function. In an 
editorial (1961) LEUCUTIA summarizes precautions in this way: "Urography should not 
be performed in cases of multiple myeloma. In occult cases of multiple myeloma, a diligent 
search should be made for protein abnormalities by electrophoretic studies of the blood 
serum and urine, and if they are present urography should be omitted. In cases of pro
teinuria the possibility of multiple myeloma masquerading under the guise of a nephropathy 
should be kept in mind and urography performed only after the elimination of this 
possibility." This would exclude every patient with myeloma from examination by uro
graphy. To me the solution of the problem of urography in relation to myelomatosis lies 
in the fact that myeloma forces upon the clinician and the roentgenologist the necessity of 
having the strongest indications before urography is performed. It should be mentioned 
here that multiple myeloma in itself may cause acute renal failure. KJELDSBERG and 
HOLMAN (1971) report a case where a patient with unsuspected multiple myeloma had 
acute renal failure three weeks after documentation of normal renal function. No 
urography was performed and there was no evidence of dehydration. 

J) Reactions3 

General reactions to contrast media fall into two groups, namely those due mainly to 
hypertonicity and specific toxicity of the contrast medium as described above and, 
secondly, reactions caused by hypersensitivity to the media. The severity of the latter 
varies from very slight to fatal. 

3 The reader is referred to the report on a symposium on contrast media toxicity published in Investigative 
Radiology, Nov.-Dec., 1970. 
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The injection of the contrast medium is sometimes followed by a feeling of burning, 
reddening, nausea or vomiting, but the reaction is usually transient. Sometimes reactions 
of another type appear, namely urticaria in the form of single wheals or more widespread 
changes coalescing to form large regions of edema. Such edema may be serious if it 
involves the larynx and causes respiratory difficulties. A special type of reaction has been 
described by SUSSMAN & MILLER (1956) and IMBUR and BOURNE (1972). This is iodide 
mumps and consists of a swelling of the salivary glands occurring some days after the 
injection of contrast medium. The contrast medium for urography is not excreted in the 
urine in the form of mineralized iodine but leaves the body without undergoing any 
chemical change (HECHT, 1938). 

Shock occasionally develops, with the usual signs: imperceptible pulse, pallor, and 
severe drop in blood pressure. Such shock may be fatal but is rarely so. PENDERGRASS 
et al. (1958) made two large-scale inquiries in the United States into deaths occurring during 
urography. The first inquiry, which covered four million urographies, revealed 31 deaths, 
of which 25 were classified as immediate. The second inquiry revealed 8.6 deaths per one 
million examinations. WOLFROMM (1966) reported 15 deaths and 166 severe reactions in 
nearly one million urographies performed between 1955 and 1965, representing one 
death per approximately 70,000 examinations and one severe reaction in approximately 
3,000. TONIOLO (1966) found a mortality rate of one in 85.000 examinations. 

Little difference was found in the incidence of reaction among various contrast media, 
and no advantage was found in the use of methyl-glucamine, from which a certain pro
tective action was expected (ANSELL, 1970). 

No decrease in mortality rate has been shown with the use of any new contrast me
dium, which may be due partly to increasing dosage and partly to less restrictive selection 
of patients. 

It may be well to point out here that urography should not always be held responsible 
for any serious condition which may arise soon after examination. This is illustrated by 
a case described by COUNTS et al. (1957) in which fatal intra-abdominal bleeding was 
erroneously interpreted as shock caused by the contrast medium used in urography. 

Because of the risk of severe reactions to the injection of contrast medium the ex
amination room should always be equipped with an emergency tray with analeptics and 
antihistaminics and with instruments for artificial respiration, thoracotomy, and heart 
massage. It may be mentioned that hydrocortisone has been successfully used in the 
treatment of severe reactions (WRIGHT, 1959). Adrenaline should not be used because it 
may cause ventricular fibrillation. 

All steps should be taken, of course, to prevent such reactions such as testing tho 
patient before the examination for any hypersensitivity to the contrast medium in con
templated urography and, secondly, simultaneous administration of anti-histaminics to 
try to counteract such reactions. Attempts have also been made to desensibilize hyper
sensitive patients. 

Injections of 1-2 ml intravenously as a provocation test, intracutaneous injection 
of a small amount of contrast medium or a drop of the medium into the conjunctiva bulbi 
have been used as a test. Care should be taken that such a test dose and the examination 
dose should be of the same type and preferably from the same batch. Since side reactions 
may occur several hours after the injection, the test injection should preferably be given 
the day before the actual examination. 

ALYEA and HAINES (1947) have compared the results of such test injections with 
those of injections for the examination proper. Their study confirmed clinical ex
perience that there is no parallel between the results of the injections and reactions to 
the contrast medium nor between the incidence of allergic symptoms such as asthma 
and reactions to contrast media. If there is a personal history of asthma, hay fever or 
drug sensitivity and the skin test is positive, there is a definite possibility that the 
patient will have a general reaction to the drug, according to these authors. In such cases 
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the performance or non-performance of the examination depends on the indication. On 
contrast injection of the same type but for definitely different purposes e. g. cerebral 
angiography, we have often found that patients hypersensitive to the test dose showed 
no untoward reactions to subsequent angiography, which had to be performed on vital 
indications, and this despite the use of repeated injections. 

On the basis of a questionnaire to a large number of teaching hospitals in the United 
States, FISCHER and DOUST (1971) analyzed data regarding the difference in the death 
rate between hospitals where a pre-test was made before urography and hospitals where 
no test was made. There was no significant statistical difference in the data from the two 
sources. It is therefore concluded that the pre-test is of no value in avoiding death or 
major complications in urography. 

PENDERGRASS et al. have described a case of death following injoction of a test dose. 
Another case of death following intravenous injection of 1 ml contrast medium has been 
described by PAYNE et al. (1956). I have also observed a case of sudden death following 
intravenous injection of 2 ml of contrast medium as a test injection. Death was due to 
bronchospasm which could not be controlled. Emergency therapy including immediate 
heart massage after thoracotomy was unsuccessful. 

Although fatal reactions are rare, the frequency of mild reactions is not insignificant. 
It is true, however, that they have become much less common since the introduction of 
tri-iodine contrast media. Attempts have been made to prevent reactions by using anti
histaminics in association with the contrast injection (CREPEA et al., 1949) or by adding a 
small amount of antihistamine to the contrast medium injected (OLLE OLSSON, 1951). 
Such an admixture has been found to reduce the frequency of reactions but not to 
prevent them altogether. GETZOFF (1951), INMAN (1952) and MOORE and SANDERS (1953) 
also reported a certain effect of anti-histaminics in association with the injection of 
contrast medium. Other authors, however, have found such drugs to have no effect. 
Here it may be pointed out that it has been demonstrated experimentally (ROCKOFF et al., 
1971) that the contrast media of the methyl-glucamine type are capable of liberating 
histamine, as was previously found regarding sodium salts. WINTER (1955) and DOYLE 
(1959) have found reactions to Miokon significantly to diminish when chlor-trimetone was 
incorporated with the contrast medium (diprotrizoate 30 cc 50 % chlortrimetone 
malcate 1 cc mixed). 

Attempts to desensibilize patients according to allergologic principles have been 
performed by ARNER (1959) and we have seen patients who first reacted markedly to the 
contrast medium but after such desensibilization showed no reaction at all. The sensibility 
may be specific for a certain contrast medium. We have had a patient who could not be 
desensibilized to Hypaque, while desensibilization to Miokon was successful. The whole 
question of desensibilization is difficult to evaluate, however, because of the ~ fortunately 
~ very low incidence of serious reactions. To sum up: reactions of this type can occur, 
the roentgenologist must deem them possible at every contrast injection, and in choosing 
the indications for examination this fact must be kept in mind. 

g) Examination technique 

Urography may be used for studying renal function or renal anatomy, or both. The 
evaluation of function should include not only the capacity of the kidneys to excrete 
contrast medium, but also the capacity of the urinary tract to receive and to transport it. 
The morphologic examination is possible only in a functioning kidney and is therefore in 
reality a combination of functional and morphologic examination. If only function is to 
be studied, excretion is assessed on the basis of films taken at suitable intervals from the 
commencement of the excretion of contrast urine: its excretion from different parts of the 
renal parenchyma, the concentration of the contrast medium, the filling of the renal 
pelvis and the ureter, and further transport of contrast urine. 
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It has been found (WOLPERT, 1965) that the rapid injection of 50 cc of contrast 
medium of high concentration could cause an increase in the kidney size of approxi
mately 0.5 cm at maximum, the first five minutes after injection, due possibly to the 
diuretic effect of the contrast medium. In almost 1/3 of the cases a slight size reduction 
was found instead. 

Usually a single dose of 20 cc of contrast medium is sufficient for a complete uro
graphy. An increases in the dose to 40 cc or 60 cc will enhance filling of the kidney pelvis 
with branches. If after the first dose the filling is found not to be good, another injection 
may be made. Large single-dose injections with a modern contrast medium give better 
results than the infusion technique (see below). 

The first excretory urogram should be taken I to 3 minutes after the injection of 
contrast medium. Excretion of the contrast medium will be seen with collection of contrast 
urine in the periphery of the renal pelvis, thus in the calyces. The most dorsal calyces will 
be filled first because of the high specific gravity of the contrast urine. The program of 
the rest of the examinations will vary with the information desired and the findings made 
in the films as they are developed and studied (Fig. 35). 

If drainage of the kidney is not obstructed, the renal pelves and ureters will never 
be completely filled. Owing to the rhythmic contractions of the renal pelvis, certain 
parts will be filled, while others will be contracted. Since diastole is much longer than 
systole, the set of films will be dominated by those taken during diastole, with relatively 
good filling of most of the calyces. The cranial calyces are filled first and then the dorsal, 
as mentioned, because of the position of the kidney and the high specific gravity of the 
eontrast urine. The caudal and ventral calyces are often not filled, or filled only incom
pletely. Normally the filling of the ureter is never continuous; usually the upper and lower 
thirds are filled, while the middle third is void of contrast medium, or a filling may be 
obtained of other segments of the ureter. 

Detailed examination of the anatomy therefore requires the accumulation of contrast 
urine in the renal pelvis by ureteric compression and examination of the entire ureter 
requires films taken when the contrast urine, on release of ureteric compression, flows 
from the renal pelvis down through the ureter. 

As mentioned, examination of the anatomy of the kidney requires acceptable renal 
function. Compression should therefore not be applied until satisfactory excretion has been 
demonstrated. This can usually be done in a single film, well coned for the kidneys only, 
and taken 3 minutes after the contrast injection. This is definitely in opposition to me
thods for urography in which compression is applied before injection of contrast medium, 
particularly types of media where compression is recommended to be applied several 
minutes before the injection (SERVADIO, 1965). It is also in opposition to methods where 
application of ureteral compression is recommended to follow directly after injection of 
the contrast medium. 

In experiments on rabbits, OLIN and REESE (1973) in studying renal perfusion and 
minute volume of the heart in connection with abdominal compression, found increase 
in blood pressure and pulse and in the pressure in the inferior caval vein. The authors 
conclude that the ureteric compression should be applied, at the earliest, five minutes 
after the injection of the contrast medium. 

Different methods have been described for ureteric compression. The best results 
are obtained by the use of a couple of rubber bags placed over each ureter and inflated to 
a pressure of 0.3-0.4 kg/cm2 (STEINERT, 1952). The pressure should be increased only 
slowly. A large single balloon placed over the middle of the abdomen often dislocates the 
ureters laterally and results in poor compression and also increases the intra-abdominal 
pressure, with consequent impairment of renal function (BRADLEY and BRADLEY, 1947). 
Some examination tables are equipped with an appliance forthe application of compression, 
but such accessories fixed to the examination table prevent change in the posture of the 
patient during the examination. Change in posture is important, particularly for taking 
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Fig. 35. Urography: a) excretion starting. b) maximal filling with free flow, c) after ureteric compression lasting 
5 min. Note filling defects caused by arteries in b) in two branches on left side. These disappear upon slight 

distention of pelvis by compression 

oblique films for demonstrating details of the renal pelvis. Compression appliances of this 
type are constructed in such a way that they cause a rapid increase in the pressure, 
which makes their use still less desirable. 

It has been questioned whether ureteric compression does really obstruct flow through 
the ureters (CARLSON, 1946). Such an opinion only serves to demonstrate lack of 
knowledge of the technique of ureteric compression and of interpretation of the findings 
when compression is used. In fact, flow through the ureter can be completely obstructed, 
and prolonged compression can produce such an increase in intrapelvic pressure as to 
cause renal colic. It is also possible in this way to cause distention of the renal pelvis 
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with rupture of the fornix and sinus reflux. The effect of compression of the ureter is best 
seen in comparison of the flow in the two ureters on compression of one of these. 

Occasionally when it is difficult to obtain a filling of the renal pelves because of their 
being markedly contracted, it may be advisable to inject an antispasmodic drug (SINGER, 
1947; MOCKEL, 1954). Such antispasmodics should be used only exceptionally as they do 
not always produce the desired effect. 

Occasionally the injection of the contrast medium or the compression causes a fall 
in the blood pressure, with decreased secretory pressure and cessation of excretion as a 
result. Injection of ephedrine with consequent increase in the blood pressure will be 
followed immediately by excretion. 

A good filling of the renal pelvis usually requires 5-10 minutes of ureteric compres
sion. Sometimes compression must be adjusted. If necessary, a second dose of contrast 
medium should be injected. It may sometimes be desirable to prolong compression for a 
considerable time. It may also be necessary to take films with the patient in different 
postures possibly including the erect position. In the examination of individual calyces, 
well coned films in different projections are always necessary. 

The examination is concluded with films of the ureter and bladder taken on release of 
compression. The contrast urine then rushes through the ureters which are then filled 
along their entire length (see Fig. 26). It is important that the films ofthe ureters be sharp. 
Experience has shown that on release of the compression the patient moves and therefore 
must be properly instructed not to do so. Sharp roentgenograms are necessary because 
examination of the ureters is important for the detection of papilloma, cystic ureteritis 
etc., the changes often being very slight. 

On release of compression with flow of contrast urine through the ureter into the blad
der, where the contrast urine is diluted, a jet of ureter urine is sometimes seen in the bladder 
(Fig. 36). This may convey a false impression of the site of the ureteric orifice. The jet 
phenomenon is physiologic and should be regarded as a normal roentgenographic finding 
(GOTHLIN, 1964). The direction of the jet may vary with the position of the ureteric 
orifice and its shape. The jet is often directed cranially in a patient with prostatic 
hyperplasia, for example. Deformation of the orifice by tumor or by inflammatory lesion 
may also cause unusual directions of the jet (Fig. 36c). 

After injection of contrast medium the renal parenchyma becomes denser because the 
contrast medium is condensed in the excretory system of the kidney. This phenomenon 
is called the nephrographic effect. It is most striking in a kidney with normal renal 
parenchyma, which cannot be drained because of increased intrapelvic pressure or low 
secretory pressure. Normally the nephrographic effect can be increased markedly by 
loading the kidneys by the injection of a large dose of contrast medium (WEENS and 
FLORENCE, 1947; VESEY, DOTTER and STEINBERG, 1950. WALL and ROSE, 1951; DETAR 
and HARRIS, 1954). VESEY, DOTTER and STEINBERG (1950) injected 50 ml 70 % diodrast 
within 2 seconds and took films of the kidneys 16-28 seconds later. Satisfactory 
nephrograms were obtained in 18 of 25 cases by this technique. 

The papillae often increase in contrast density because of stoppage of flow of contrast 
urine of high concentration in the papillary ducts. This is thus a sign of stasis. This 
increase in contrast may be extensive or limited to a few papillae and should not be con
fused with papillary ulcerations. On the other hand, papillary ulceration should not be 
missed by mistaking it for this phenomenon. If it is very marked, it can simulate medul
lary sponge kidney. 

It is well known that substances secreted by the tubules can block the excretion of 
other substances such as phenol red, para-amino-hippuric acid (PAH) and penicillin. In 
animal experiments EDLING, HELANDER and SELDINGER (1957) showed that the nephro
graphic effect is reduced if the injection of the contrast medium is preceded by injection 
of any of these agents. 
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In the many comparisons of the value of urography and pyelography it is widely be
lieved that urography cannot yield desired information on morphologic problems. In view 
of what is said above it should be borne in mind that urography is often, if not most 
often, performed in such a way that the amount of information it gives on the morphology 

a b 

c 

Fig. 3G. a) Ureteric jet. A stream of contrast urine is ejected from left ureteric orifice through the bladder to 
base at right of midline; b) Bilateral ureteric jet. c) Jet from a right ureteric orifice directed to the left cranially 

in patient with cystitis affecting the ureteric orifice 

of the kidneys will depend almost entirely on chance. If properly performed, urography 
can, however, as a rule, give satisfactory information on the anatomy in addition to the 
information it yields about the function of the kidney and the urinary pathways. 

Some authors disapprove of the use of urography in the investigation of morphologic 
changes in general or for certain purposes. Thus v. LICHTENBERG and BOEMINGHAUS are 
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often referred to. As a matter of principle, ureteric compression should not be used in an 
examination of function, which has, of course, been emphasized by pioneers in this field. 
I would here once more stress that in the examination of physiologic conditions, e. g. in 
the investigation of stasis, compression should not be applied. In other cases and with 
the advances made in urography together with the availability of contrast media that are 
excreted in high concentration, it is possible to make combined functional and morpho
logic examinations with the emphasis on the morphology. This often also makes retrograde 
pyelography unnecessary, which is an important advantage if check examinations are 
contemplated that do not in themselves require catheterization. Such a combined ex
amination often also simplifies investigation and gives more richly faceted information. 
If the excretion of contrast medium is good and the examination technique satisfactory, 
it is possible, with the use of compression, to judge even details of the morphology. 

An investigation by DIHLMANN (1958) produced statistical evidence of the value 
of compression, but in his investigation the examinations were standardized and therefore 
do not show the true value of the examination method. I can therefore agree with his 
results but not with his conclusion when he says that incipient pathologic changes of the 
calyces can still be recognized best by means of retrograde pyelography. This is not always 
true. Even incipient changes can often be demonstrated distinctly by urography, and 
sometimes urography is superior to pyelography in this respect. It is important, however, 
that, as pointed out previously, the examination steps be adjusted to circumstances in the 
way described above and not in accordance with any strictly standardized procedure. 

It is widely accepted as a fundamental rule that films taken during urography should 
be exposed at certain standardized intervals after injection of the contrast medium. In 
my opinion, such a procedure is not acceptable; the excretion, filling and emptying of the 
kidney pelvis and flow of contrast urine through the ureters as well as the pathologic 
processes of varying appearance, extent and effect on renal function call for full utilization 
of all the possibilities ofthe method. All this makes individual variation of the examination 
technique necessary. All standardization and laissez-faire procedures imply a poor tech
nique. The films should never be taken according to hard-and-fast rules. The examination 
procedure should instead be adjusted according to the requirements of the individual case and 
with full utilization of all the possibilities of the method. 

Modifications of urographic methodology. Modification according to needs instead of 
standardization of technique should be a rule in urography rather than an exception, as 
stressed above. Certain marked modifications have been used, however, under specific 
conditions: 

1. Drip-infusion urography. This implies infusion of contrast medium in a large volume 
of fluid. The recommended dosage (SCHENKER, 1964) is 1 cc of contrast medium per pound 
mixed with 1 cc per pound of 5 % dextrose in water. The minimum adult dose is 150 cc of 
each or a total volume of 300 cc. The infusion is made rapidly and usually takes 6 to 10 
minutes. The indications are mainly a second procedure to increase the quality of a study 
which was found to be unsatisfactory when made in the conventional way. The literature 
illustrates different views on the value of drip-infusion urography (see, for example, 
VITT and BURGHER, 1966; LENS ON et al., 1971). 

2. Rapid sequence and washout urography. As these modifications are used mainly 
as screening tests in renal hypertension to find patients with unilateral renal artery 
stenosis, they are mentioned together. Rapid-sequence urography (MAXWELL et al., 1962) 
means that after the injection of contrast medium films are taken at intervals of approxi
mately 20 seconds for approximately 1 to 2 minutes, in order to demonstrate any differ
ence in nephrographic effect or excretion into the renal pelvis between the two sides. 
Washout urography (AMPLATZ, 1962, 1964) implies an infusion of 500 cc saline and 
40 grams of urea to wash out excreted contrast medium from the kidney pelvis. The 
washout procedure takes a longer time in a kidney with low urine production because of 
stenosis of the renal artery. 
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h) Urography at health-check examinations 

A large number of important renal lesions have very discreet clinical symptomatology 
or none at all. Therefore urography must be used in many instances with fairly wide indi
cations. In one situation we use urography in health-check examinations: in our de
partment every angiographic procedure ends with a film of the kidneys. The often fairly 
large amount of contrast medium injected for the angiographic procedure, be it angio
cardiography, celiac angiography, phlebography of the legs, or other types of examinations, 
causes good filling of the renal pelvis, usually good enough to study not-too-small details 
in the morphology of the kidneys. Therefore at the end of the angiographic examination 
or, in certain cases, during the actual examination, a single film including both kidneys 
can be taken and studied. In this way we have detected a considerable number of cases of 
anomalies of the kidneys, chronic pyelonephritis, hydronephrosis, and a few cases of 
renal expansivity which, at renal angiography, have been found to represent carcinoma 
or cyst. The additional time, cost and radiation involved in taking this single film of the 
kidneys is negligible in relation to the full angiographic procedure. When, during the ac
tual angiographic procedure, the kidneys are included in the examination, at for example 
celiac angiography or superior mesenteric angiography, we study the resulting urogram 
while the catheter is still inserted. If changes are found in the kidney, at the end of the 
procedure the catheter is removed from, for instance, the celiac artery and introduced into 
the renal artery, and renal angiography is performed in the same session (for examples 
see OLLE OLSSON, 1973). 

IV. Renal angiography 

The kidney is an organ very well suited to angiography. It is a hilar organ with -
usually - only one artery. This artery is fairly wide, since Y4 of the heart volume per 
minute passes through the kidneys. Actually the width of the renal artery is greater than 
that of any other artery to an organ of corresponding size. The kidney itself is a vascular 
sponge, the architecture of the organ being based on vasculature. Because of this great 
vascularity, pathologic processes in the kidney express themselves to a very great extent 
as vascular changes. 

Angiography is thus highly suitable for the study of the anatomy and pathoanatomy 
of the kidney and for the study of important physiologic parameters. 

Abdominal angiography with its important subdivision, renal angiography, presents 
an object lesson of the importance of basic knowledge for realization and full utilization 
of the latent possibilities of an examination method. The method, devised in 1929 by DOS 
SANTOS, LAMAS and CALDAS was ahead of its time. Its clinical application was heroic but 
premature. The results were informative and intriguing, but the risks were great. In 
many quarters the method fell into disgrace,and strong objections were justly raised against 
its use. Subsequent advances in the entire field of angiography, however, provided a much 
safer basis for renal angiography. Improvements in examination techniques and in the 
chemistry of the contrast media, more precise knowledge of the tolerance of the organism 
as a whole and of individual organs to contrast media, advances in normal and pathologic 
roentgen anatomy, and cumulative clinical experience have given renal angiography a 
well-established position in diagnostic radiology. 

Nevertheless, the literature still reveals divergence of opinion on the value of renal 
angiography. Unduly enthusiastic or deprecatory opinions only too often demonstrate 
lack of experience in many important sections of angiography. The controversy is largely 
subjective and may abate with increasing knowledge and experience. 

In renal angiography all the vessels of the kidney can be studied, thus not only the 
arteries. An examination performed to study the ateries only, should be referred to as 
arteriography. The veins in the kidney are, however, often of diagnostic importance. 
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They can be studied in the late phase of angiography or in association with cavography or 
by renal phlebography. The capillary phase is usually of still greater importance. Renal 
angiography should therefore be performed in such a way as to yield as detailed infor
mation as possible on the different phases, which should be considered together in the 
final interpretation of the findings. Renal angiography should always be properly 
planned and performed; nothing should be left to chance. 

Renal angiography can be performed as aortic renal angiography, when the contrast 
medium is injected into the abdominal aorta, or as selective renal angiography, when the 
medium is injected directly into the renal artery. A method in which the contrast medium 
is injected mainly into the aorta through a catheter with side holes and a tip hole in a 
drawn-out tip which is anchored in one renal artery is called semi-selective renal angio
graphy (BOIJSEN, 1959). 

Abdominal angiography encompasses an extensive vascular region, of which the renal 
circulation is an important part. If renal angiography is to justify its name, selective 
filling of the renal arteries is highly desirable. The value of a given technique for renal 
angiography is thus largely dependent on the possibility of obtaining a selective filling 
of the renal vessels. The various techniques available will accordingly be evaluated from 
this point of view. 

A filling of the renal arteries can be obtained by different measures such as direct 
(percutaneous) aortic puncture, catheterization of the aorta, or selective catheterization 
of a renal artery. 

1. Aortic puncture 

With the patient supine and with a needle 1.2 mm in outer diameter with a stylet, the 
lumbar aorta is punctured laterally from the left side immediately below the twelfth rib, 
with the needle directed ventrally, medially, and cranially in an attempt to puncture the 
aorta above the origin of the renal arteries. If puncture is successful, arterial blood will 
flow from the tip of the needle on removal of the stylet. This flow of arterial blood indicates 
that the tip of the needle lies free in an artery, but does not indicate with certainty that 
it is in the aorta. This is an important point because a dose of contrast medium adjusted 
with due allowance for dilution, with the relatively large volume of blood in the aorta, can 
be injected directly into a mesenteric or a lumbar artery, or into a renal artery, for example, 
if the tip of the needle happens to have pierced that artery instead of the aorta. DOS 

SANTOS (1937) tried to avoid injection of contrast medium directly into a renal artery by 
avoiding puncture of that part of the aorta from which the renal arteries usually arise. 
He called that section la zone dangereuse. In renal angiography, however, it is desirable 
to deposit the contrast medium as close to the renal arteries as possible. To avoid injection 
of contrast medium directly into an artery branching from the aorta, BAZY et al. (1948) 
modified the method: they fitted the puncture needle with a silver stylet a few centimeters 
longer than the needle so that they could palpate the opposite side of the vessel wall. 
If the stylet can be advanced more than 2 cm beyond the tip of the needle, the needle 
must lie free in a branch of the aorta. A needle was constructed on these principles (LIND

GREN, 1953) with a movable stop-screw to prevent displacement of the needle during the 
injection. 

2. Catheterization 

Another method is catheterization with its many modifications, These fall into two 
groups, namely open and percutaneous catheterization. The former method was introduced 
by FARINAS (1946) who exposed the femoral artery, inserted a catheter up into the aorta 
and injected the contrast medium through the catheter. The percutaneous method was 
described by PEIRCE in 1953. He punctured the femoral artery with a wider needle and 
passed a catheter via the lumen of th'e) needle. Needles used for this purpose must have a 
large bore, as the lumen of the catheter should be as wide as possible. 
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To avoid having to pass the catheter through a cannula and thereby to permit the 
introduction of a catheter of the same outer diameter or of even larger diameter than 
that of the needle used for puncture SELDINGER (1953) devised his excellent modification. 
Poisseuille's law states that when pressure and viscosity are constant, the rate of flow 
through narrow tubes is inversely proportional to the length of the tube and directly 
proportional to the 4th power of the radius of the tube. The cross section of the catheter 
therefore has a dominant influence on the flow of the injected contrast medium. This is 
utilized in the construction in the following way: a flexible guide reinforced with a central 
wire is introduced into the cannula with which the vessel is punctured, after which the 
cannula is withdrawn completely and a polyethylene catheter is threaded over the guide 
and fed up into the vessel. 

The catheterization method permits examination of the patient in supine position. 
This is of importance from the point of view of selectivity. The heavy contrast medium 
flows along the dorsal part of the aorta, and since the renal arteries spring from the aorta 
more dorsally than the mesenteric artery, it is possible, with the use of a suitable injection 
pressure, to obtain a filling of the renal arteries without any disturbing filling of the other
wise superimposed mesenteric artery. By placing the tip of the catheter in proper relation 
to the origin of the renal arteries it is also possible to a certain extent to avoid a filling 
of the splenic artery and hepatic artery. If the tip of the catheter is not in proper position, 
the bulk of the contrast medium may flow into one side, e. g. if the tip of the catheter faces 
the orifice of a renal artery or if the contrast medium is injected against the wall of the 
aorta and flows along it. 

A combination of translumbar and catheterization methods has been described by 
CUELLAR (1956). This method has no advantages. 

The advantages of the catheterization method over aortic puncture are that the 
contrast medium can be deposited more correctly, the contrast dose can be kept low, the 
patient can be examined in the supine position, the object-film distance can accordingly 
be kept short, and the patient may be turned and tilted during the examination. The only 
advantage of direct aortic puncture over catheterization is that it usually requires less 
time. 

Further refinement of the catheterization method to secure greater selectivity can be 
achieved by selective catheterization of either renal artery. Methods for performing selective 
catherization by exposure or by percutaneous puncture have been suggested. The first 
method of selective catheterization was devised at our department by TILLANDER (1951). 
He used a special catheter, the tip of which consisted of small steel links. This flexible 
steel tip was manipulated by a strong magnetic field so that the tip of the catheter could 
be passed into the renal artery under fluoroscopic control. BIERMAN et al. (1951) used a 
radiopaque cardiac catheter with a fixed curve at the tip. The catheter was inserted into 
the arterial system by exposure of a suitable artery of sufficient caliber and could be 
advanced into anyone of the branches of the aorta. 

The percutaneous method is to be preferred. ODMAN (1956) proposed the use of a 
polyethylene catheter, the tip of which can be moulded into suitable shape by immersion 
in hot water and by dipping into cold water immediately after. The catheter is radiopaque, 
which is a great advantage when feeding it into the renal artery under fluoroscopic con
trol. It is introduced percutaneously, e. g. into the femoral artery by the SELDINGER 
technique. 

EDHOLM and SELDINGER (1956) use an ordinary catheter which is bent by warming it 
cautiously above a match flame. The metal guide is introduced into the lumen of the ca
theter until it projects beyond its tip, and the curvature of the catheter is then straightened. 
The catheter is introduced into the aorta. When the guide is withdrawn, the catheter will 
again bend and can be manipulated into the renal artery. 

GOLLMANN (1957) modified this method, using a suitably bent wire instead of the 
reinforcing, straight wire. Another modification by the same author was giving the wire a 
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flexible tip to permit passage of the wire also through tortuous arteries (GOLLMANN, 

1958). 
The catheter for renal angiography should be thin and thin-walled. During the pro

cedure the catheter should be rinsed well with physiologic saline in order to prevent clot
ing. 

In puncturing the artery the anterior arterial wall can easily be felt with the needle. 
The tip of the needle should then rapidly penetrate this anterior wall and, if possible, 
not touch the posterior wall. Techniques recommended to pierce both the anterior and 
posterior walls and then withdraw the catheter until blood comes out, are not advisable. 
The risk of hematoma is greater with such a procedure. The introduction of the catheter 
should be done with great care and the catheter should not be forced up the iliac artery 
of the aorta. Difficulties may arise if the arteries are very tortuous and if great athero
sclerotic plaques are present. 

We have a motto in all of our angiographic procedures: "Never force but never give 
up." 

If conditions in the iliac artery on one side do not permit introduction of the catheter, 
the other side may be used. In exceptional cases the catheter can be introduced from above 
after puncture of the brachial artery. 

When the catheter has been introduced into the renal artery, the return flow through 
the catheter is checked to make sure that the tip is free in the artery and that the catheter 
does not occlude the vessel. We therefore seldom use catheters with side-holes for selective 
studies but use instead those with a hole at the tip. The tip of catheters with side holes is 
likely to be introduced too far into the vessel, whereas if a catheter with a hole only at 
the tip is introduced too far into the artery, no return flow will occur. If the return flow 
stops, the catheter is immediately withdrawn into the aorta. In addition, care should be 
taken that the catheter is introduced only a short distance into the mouth of the renal 
artery. This is important because in 7 % of our material the dorsal branch of the renal 
artery has an early departure. If, in such a case. the catheter is fed past the origin of 
a dorsal branch departing early, it will enter directly into the ventral artery and give a 
filling only of the region supplied by this branch, which in addition receives the entire 
dose of contrast medium that is diluted only slightly by the blood. The catheter may 
also be pushed directly into the dorsal branch. 

Technical problems, catheter devices, fluid dynamics, and other aspects have been 
studied widely. Reference is made to monographs by OLIN (1963), LUDIN (1966) and 
ALMEN (1966). 

Instruments of different kinds have been proposed for the catheterization procedure. 
In my opinion, the safest method of performing angiography is the manual method be
cause thereby the examiner continuously feels with his fingers any obstacles met by the 
tip of the catheter. For renal angiography instruments are therefore not recommended. 

The catheter should be properly curved according to the course of the renal artery. 
The artery constantly arises from the aorta at the level of the first lumbar vertebra. If at 
plain roentgenography it has been shown that the kidney is low, it may be concluded that 
the renal artery springs at an acute angle from the aorta. The catheter should then be bent 
accordingly. Secondly, the catheter should be formed so as not to be fed too far into the 
renal artery because in that case only the ventral branch or the dorsal branch may be 
catheterized. When studying the films it is important to note where the contrast medium 
has been deposited. 

If a kidney is supplied by more than one renal artery, selective angiography of each 
of the arteries should be performed, with due precaution not to block the flow in a thin, 
supplementary artery. Finding of, or suspicion of, multiple arterial supply may also 
make necessary continuation of the study with the aortic, non-selective technique. In 
such a case the guidewire is again introduced into the catheter for this selective study, 
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the catheter is withdrawn, and on the guidewire a catheter for a non-selective study is 
introduced. 

To avoid misinterpretation, the examiner must be familiar with the normal anatomy 
and check that all intrarenal arteries are filled and that all parts of the kidney show an 
accumulation of contrast medium in the nephrographic phase. Reproductions of angio
grams in the literature reveal that this source of error has occasionally escaped attention. 
The selective technique should therefore not be used alone in most cases where there is reason 
to suspect multiple arteries, such as in double kidney, fused kidney, dystopia, or hydro
nephrosis. 

The catheterization should be performed with fluoroscopy, using image intensifier 
and television. This technique is valuable particularly in angiographic work since the 
illumination of the examination room facilitates maintainance of sterility. The observation 
capacity of the examiner is also greatly enhanced. Test injections can easily be checked 
fluoroscopically, but occasionally it is advisable to freeze the test injection on a video 
tape recorder or on film. 

Difficulties in finding the renal artery for selective catheterization are overcome with 
training. It may be necessary occasionally to withdraw the catheter and change its bend
ing. A special method has been designed (DREVVATNE, 1969) to facilitate catheterization: 
an arotic injection is made, the stage with filling of the aorta and the renal arteries is 
frozen on a disc recorder and reversed. This reversed picture is shown to the examiner 
on his TV screen. With this picture on his monitor during fluoroscopy, he can perform the 
catheterization using the picture as a map and thus easily find the origin of the renal 
artery. 

In non-selective renal angiography the dose of contrast medium should usually be 
25-40 ml and the injection pressure approximately 6 kg per cm2 • At selective technique 
the dose can be kept very low, from 3-8 cc, and injection pressure at 2-2Yz kg per cm2 • 

Several injections can be made in order to secure the correct timing, filling, and projec
tion. 

Some authors believe stereo-roentgenography to be useful. The procedure usually 
requires two injections, which is not advisable with contrast media of the di-iodine type 
but may be performed with the best tri-iodine contrast media. It is preferable in such 
cases, however, to use simultaneous stereography according to FERNSTROM and LINDBLOM 
(1955). We do not use stereography as we consider it unnecessary if the examiner is 
familiar with the normal anatomy of the renal arteries (see below). Instead, selective angio
graphy with its low contrast dose for each injection can be used and suitable projections 
chosen to completely elucidate the problem at hand. One important projection is the true 
lateral projection of the kidney, as proposed by HEGEDUS (1971). 

At the end of the examination the catheter is withdrawn and pressure is applied to 
the puncture site to avoid formation of a hematoma. This pressure should be moderate 
and prolonged and the patient must be carefully observed. 

3. Comparison between selective and aortic renal angiography 

Of the methods available for renal angiography, the examiner may choose between 
the aortic and the selective methods. For some cases in which it is desirable to examine the 
aorta and both of the renal arteries, such as in atherosclerosis, or other types of renal 
artery stenosis, or if both renal arteries are to be compared, such as for assessment of 
potential renal function, the aortic method is to be preferred. This also holds for some 
patients with multiple renal arteries. Otherwise the selective method is the method of 
choice. This method has the following disadvantages, however: risk of blood clot formation 
may be incurred, although rarely; there is the theoretical possibility of infarction of some 
vessel region if it should be obstructed by the passing of the catheter too far without being 
observed; it requires more time than the other method; it may be necessary to supplement 
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the examination or repeat it, using the aortic method if multiple arteries are found or 
suspected. 

The selective technique fits in directly with basic roentgen-diagnostic principles: it 
makes possible avoidance of superimposition; it gives free choice of correct projections; 
it allows low doses of contrast medium, repeated injections, and correct timing. 

We have had wide experience with both aortic and selective renal angiography. 
The selective technique, in our opinion, is far superior to the aortic but for the exceptions 
described above. This opinion is strengthened particularly in those cases in which the 
information needed would make the selective method the method of choice, but in which 
for some reason the method could not be used, also in those cases examined first by the 
aortic method and later by the selective. In renal angiography, then, as in all types of 
angiography, the technique should be as selective as possible. 

4. Angiography of operatively exposed kidney 

A special type of examination is angiography of the surgically exposed kidney, de
scribed by ALKEN (1950). The contrast medium is injected directly into the renal artery 
or one of its branches at operation. GRAVES (1956) described a special injection needle for 
this purpose. Films are taken of the exposed kidney (for technique see page 17) and pro
vide a good basis for detailed study of parenchymal changes. It is believed to be of value 
when explorative surgery, for example, reveals changes possibly indicating partial 
nephrectomy. 

5. Injection of contrast medium 

In aortic angiography the contrast medium may be injected by hand. If a catheter 
is used, greater pressure is required and a mechanical injector should be used, The in
jector described by DOS SANTOS is unsuitable because gas is then in direct contact with the 
contrast fluid. Modifications eliminating this risk have been described by CHRISTOPHE 
and HONORE (1947) and LINDGREN (1953). More elaborate injectors have been devised for 
angiography. They are designed for more complicated angiographic procedures than renal 
angiography. 

It should be pointed out that renal angiography can be performed very simply by 
manual injection and manual cassette changing. Refinement of technique is necessary, 
however, in a heavy program of angiographic procedures, and should be applicable also 
to renal angiography. 

Timing of the exposures is important. Well-timed exposures are easily obtained by 
taking films in rapid succession. The timing problem can be solved in a simple way by a 
method devised by OLIN (1958) with E. C. G. control. It consists of a simple device plugged 
into the circuit: film changer - electrocardiograph - electric pressure syringe - roent
gen apparatus with program selector. Signals from the electrocardiograph pass through 
a transistorized amplifier to a relay, which releases the program. It is apparent that this 
requires an apparatus permitting exposures in relatively rapid succession. Various types 
of such an apparatus with program selector are available. When the film changer is started, 
injection from the pressure syringe is started in association with the next QRS-complex. 
The flow in the arteries varies rhythmically with the heart beat; the rate of flow is highest 
in systole and drops rapidly immediately afterwards. Thus, to obtain the best possible 
filling of the arterial branches of the kidney with the smallest possible amount of contrast 
medium, the latter should be injected in the beginning of diastole when the blood flow to 
the kidney is lowest. 

Many authors state the examination should be carried out under general anaesthesia. 
Apnea can be readily secured under anaesthesia, but it can also be achieved without 
anaesthesia by good co-operation with the patient. We therefore find general anaesthesia 
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unnecessary, like WEYDE (1952) and MALUF and McCoy (1955). A method using 
reduction of the blood pressure to secure the important nephrographic phase based 
on WICKBOM'S observations referred to above has been described by LINDGREN (1953). 
With good timing of the pictures it is not necessary to use this method, which may imply 
a risk by prolonging the time the vessels are exposed to the contrast medium. 

6. Contrast media 

For many years the use of renal angiography was severely limited by the toxicity of 
the contrast media. The method therefore fell into disgrace. The contrast media used were 
halogen salts, particularly sodium iodide. 

More complex water-soluble contrast media superseded the iodides; this implied a 
considerable advance. Though di-iodine contrast media are going out of use in angio
graphy, they are still used to such an extent as to require a brief comment. Renal angio
graphy is often performed without the examiner's having any opinion of the tolerance of 
the kidney to the contrast media, and many authors go so far as to say that the method 
involves no risks at all. Perusal of the literature will reveal, however, that the use of con
trast media of the di-iodine type has been followed by severe renal injury, occasionally 
with a fatal issue (OLLE OLSSON, 1955). Further cases have been described (LANDELIUS, 
1955; BERG, 1956; EDLING and HELANDER, 1957, altogether 320 cases with 5 serious 
reactions). A collection has been published by McAFEE (1957) based on a survey of 13,207 
abdominal aortograms of all kinds with only 375 by the catheterization method, with an 
overall complication rate of 1.02 % and a mortality rate of 0.28 %. In 1,732 cases more 
than 40 cc of contrast medium had been injected. 

In a systematic investigation of the NPN, albuminuria, cylindruria and size of 
kidney after renal angiography with di-iodine contrast medium injected directly into the 
aorta in a 60 per cent solution, IDBOHRN (1956) found signs of slight renal injury in 11 cases 
out of 39, and in 2 out of 15 in which a 50 % solution had been used under otherwise 
identical conditions. In an experimental investigation IDBOHRN and BERG (1954) using 
a refined technique well adapted for investigation of the tolerance of the kidneys to con
trast media found that injury can occur at concentrations of di-iodine contrast media 
above a critical level lying somewhere between 10 % and 17.5 % concentration in the 
actual renal artery. The tolerance appears to vary from one individual to another. By 
studies on renal function and experimental renal angiography on dogs WIDEN (1958) 
verified the patho-anatomic findings of IDBOHRN and Berg. 

The tri-iodine contrast media have been studied in the same way (BERG, IDBOHRN 
and WENDEBERG, 1958). It was shown that Urografin and Hypaque produce no histologi
cally demonstrable renal damage. Triurol, however, in a concentration of 25% and more, 
usually caused histologic changes. Miokon in 50 % concentration was also followed by 
renal injury. Control experiments with Umbradil in 17.5 % concentration produced toxic 
changes in half of the animals studied (see Fig. 37). It should be observed that these 
concentrations refer to the actual concentration in the renal artery, which can be 
assessed if the experimental design is suitable. In an investigation by IDBOHRN and NOR
GREN it was shown that renal blood flow was not affected by the best tri-iodine media 
(see OLLE OLSSON, 1961). 

In an investigation by EDLING et al. (1958) with 60 per cent Urografin and 50 per 
cent Miokon in large doses injected through a catheter inserted in the aorta of dogs, no 
renal injury was demonstrable despite the use of very large doses. It should be remembered 
that contrast medium injected in this way is diluted with aortic blood and does not corre
spond to the actual concentration in the renal arteries. One can, however, agree with the 
authors when they conclude that properly performed aortographies, preferably by trans
femoral catheterization, will not damage healthy kidneys, although it should perhaps 
be added: with the use of the best tri-iodine contrast media. It is thus obvious that certain 
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tri-iodine contrast media are the best media hitherto available for renal angiography and 
that there is no reason to use the di-iodine media. The last-mentioned authors also per
formed an investigation on dogs with selective renal angiography using di-iodine media 
as well as one of the less good tri-iodine media. This contrast medium produced renal 
damage when used in a large dose, while a small dose produced no change. This implies 
that the risks of renal damage are small, but may be somewhat greater in selective 
angiography than in aortic angiography. 

There are many contributions to the study of the effects of contrast media on the 
organism. In a paper from 1962 (LASSER e(al.) it is concluded that the contrast media 
bind with albumen and that for the three iodobenzoic acid compounds the presence or 
absence of a prosthetic group at the 5-position appears to determine the relative weakness 
or strength of binding with albumen. There is a relation [between this binding and the 
crenation effect of red blood cells. Evidence was also found that local and systemic toxicity 
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Fig. 37. Diagram. 1. Umbradil, 2. Triurol, 3. Miokon, 4. Hypaque, 5. Urografin. (Modified after BERG, 

IDBOHRN & WENDEBERG) 

from contrast material is mediated by derangements of the blood elements and blood 
vessels also in relation to contrast binding albumen. In another study from 1962 LASSER 
et al. found in experiments on dogs that injection of the basic non-halogenated molecule of 
the contrast medium constructed with prosthetic groups in odd positions of the benzene 
ring appears to be without visible histologic effects. James et al. (1965) found, also in 
experiments on dogs, indications that histologic changes were correlated with stasis 
and that the absence of stasis was associated with irregular occurrence of morphologic 
changes. In experiments on dogs LELEK (1965) found that selective catheterization of the 
renal artery could lead to a reduction in renal function only if the procedure was carried 
out traumatically. 

With finer methodology of registering damage to the renal parenchyma we can expect 
registration of very slight, rapidly disappearing effects on certain renal functions caused 
by the catheterization procedure and the injection of the contrast medium, which is indi
cated by clinical experiments performed by KAUDE and NORD END FELT (1971). 

Using a very sensitive kinetostatic method, the Colcemid method, EVENSEN and SKALPE 
(1971) with sodium metrizoate (Isopaque 260) found that smaller doses corresponding 
to approximately 50 ml injected twice into the renal artery of a patient weighing 70 kg 
would kill between 3-4 % of the tubular cells and a dose of 100 ml would kill 9 % of the 
cells. Regeneration is rapid. The authors conclude that the amount of sodium metrizoate 
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used in clinical selective renal angiography represents no risk to kidneys with normal 
blood supply. 

Dose of contrast medium. For aortic renal angiography we use 25~30 ml of Urografin; 
for selective angiography with injection directly into a renal artery, 5 m!. For lean patients 
we use 60 % solution, for obese patients, 76 %. 

We keep the exposure time as short as possible with a voltage of approximately 100 
kV. We take films in series related to the diagnostic problems to be solved. 

7. Risks 

On direct puncture, some or all of the contrast medium may be deposited extra
vascularly. As a rule, this will produce slight discomfort, at the most. Pleural effusion may 
occur on the injected side, however. Pneumothorax may also develop due to puncture of 
the pleural cavity if the lung extends far down, such as in emphysema. 

Contrast medium may also be accidentally deposited subintimally in the aorta as in 
the carotid artery in carotid angiography, for example (IDBOHRN, 1951), i. e. a fairly well 
defined accumulation of contrast medium will be seen which does not mix with the blood 
(GAYLIS and LAWS, 1956; BOBLITT et al., 1959). The amount of contrast medium deposited 
subintimally may be small or large. If the amount thus deposited is small, complications 
will not occur. If the amount is large, symptoms of the type seen in dissecting aneurysms 
may occur with a fatal issue. 

Haemorrhage may occur at the site of puncture on catheterization, as well as on direct 
puncture. Such haemorrhage in association with aortography is usually very slight. It is 
also slight if the femoral artery is punctured. Care should be taken, however, to puncture 
the artery well below the inguinal ligament, so that any subsequent haematoma may be 
readily discovered. If the artery is punctured higher up, haematoma may develop retro
peritoneally and remain concealed for a considerable time. 

A case report is given by ANTONI and LINDGREN (1949) of an aged, arteriosclerotic 
man in whom abdominal aortography (prone position, pillow under upper part of abdomen, 
percutaneous puncture) was followed by a flaccid paraplegia. Without discussing the 
contrast medium used they believe the lesion to have been caused by the compression 
of the aorta, thus constituting in reality a Steno's experiment in man. 

If the contrast medium intended to be injected into the aorta is injected directly 
into the renal artery, the concentration may exceed the tolerance of the renal parenchyma, 
with renal damage as a consequence. This may also occur if the flow in the distal part of 
the aorta is obstructed (BARNES et al., 1959). Upon accidental injection into a lumbar 
artery, the contrast medium may damage the spinal cord (ABESHOUSE and TIONGSON, 
1956; MCCORMACK, 1956; BAURYS, 1956; CONGER et al., 1957; HARE, 1957). The tolerance 
of the spinal cord to contrast medium has been studied by HOL and SKJERVEN (1954). 
They claim that examination of animals in supine position favors damage to the spine because 
the contrast medium is heavy and will therefore flow dorsally. TARAZI et al. (1956) state 
that the large volume of contrast media injected through a site near a major radicular 
artery and the use of the supine position have increased the frequency and extent of 
damage to the spinal cord. With the use of the catheterization technique with a small 
amount of a suitable contrast medium, this risk is very small indeed. 

A case of a marked lesion of the renal artery in connection with selective angiography 
is described by GILL et al. (1972). The authors report a production of marked stenosis ofthe 
renal artery and subsequent diastolic hypertension. A corresponding complication with a 
stenosis in one of multiple renal arteries causing hypertensive disease has been reported 
by BERGENTZ and HEGEDUS (1971). In this case the kidney was removed, reparational 
surgery was-performed and the kidney was again introduced, with excellent results. 
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Sometimes spasm is seen (Fig. 38). The pathologic nephrogram due to spasm produced 
by traumatization of the arterial wall by the catheter, by occlusion of the vessel by the 
catheter, and by too large a dose of contrast medium has been described by EDSMAN (1957) 
and studied experimentally by EDLING and HELANDER (1959). One or more intrarenal 
branches show no contrast filling and ischemia occurs peripherally in a circumscribed 
region or around the whole kidney. This gives the nephrogram a characteristic appearance 
with irregular parts of increased density intermingled with mostly cortical, irregular filling 
defects. 

Spasm may also occur in a kidney with multiple arteries if the entire dose of contrast 
medium is injected into a thin supplementary artery which is occluded by the catheter. 
LODIN and THOREN (1955) suggested that the examination might be performed under 
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Fig. 38. Spasm at renal angiography: a) during actual spasm, b) after spasm has subsided (nephrographic phase) 

ganglionic block to counteract the risk of spasm. Under anaesthesia the vessels are occa
sionally wider than otherwise. In my opinion, neither ganglionic block nor anaesthesia 
is necessary. Spasm is best avoided by using a small dose of a good contrast medium and 
proper catheterization technique. 

AMPLATZ in 1968 drew attention to the possibility of catheter embolisation from clots 
formed on the outside of cardiac catheters. A thorough study of this phenomenon was made 
by JACOBSON (1969). Among other things, he found that oscillography before and after 
arterial catheterization for angiography enabled the early detection of the site of asymp
tomatic thrombo-emboli and that the frequency of thrombo-emboliflm varied with the 
total area of the outer wall of the inserted part of the catheter. When a long catheter was 
kept in the blood stream, a generalized platelet reaction occurred consisting of an increase 
in platelet adhesiveness. Fortunately these results have application to renal angiography 
only to a limited extent. Great care should nevertheless be taken toavoidthrombo-embolism 
locally by exact technique, short examination time and continuous rinsing of the catheter. 

Thrombogenicity of vascular catheters can be markedly minimized by hepariniza
tion of the catheters (JACOBSSON and SOHLOSSMAN, 1972). 
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Attention is here drawn to a paper by STEIN and HILLGARTNER (1968) on alteration 
of coagulation mechanism of blood by contrast media. The authors found transient de
pression of levels of variable blood coagulation factors in more than half of the patients 
examined with angiographic procedures and they consider it conceivable that binding or 
inactivation of the coagulation factors alpha and beta globulins is the cause of the de
pressed assays found in both in vivo and in vitro studies. 

We have performed studies of the puncture site in a number of patients in whom 
catheterization was performed from the other femoral artery on an earlier occasion 
(WINTZELL, 1969) and we found no marked changes. 

In 1968 FOLIN of our department made a review of complications of percutaneous 
femoral catheterization in renal angiography wherein 1,818 renal angiographies with cathe
terization of the femoral artery in 1,319 adults were studied. The complications were as 
follows: 

Table 2. Complications 

. <711 LA Renal angIOgraphy 1817 1106 Sel. a. 

1. Hematoma at puncture site of considerable size (1 operation necessary) 5 
2. More than 10 rise in temperature 6 
3. Intimalesion 5 
4. Thrombosis in femoral vein 
5. Embolia pulm. 
6. Perforation of artery wall 
7. Broken guide wire 
8. Coagulum in renal artery 
9. Thrombosis in femoral artery 

2 
1 
1 
2 
1 
1 

It is seen from the figures in the table that there is a certain risk. This risk is fairly 
small but indicates the need for a technique which is as exact as possible and for correct 
indications for the examination. 

It may be well to stress here that certain authors claim that renal angiography is of 
little or no value in the investigation of urologic problems and should therefore not be 
performed (NESBITT, 1955); CONGER et al., 1957). Such a view represents an unproductive, 
conservative attitude and is not acceptable, but is undoubtedly a healthy counter-weight 
to the postulation by many uncritical authors that renal angiography is a perfectly safe 
procedure regardless of how it is performed. From reports and illustrations on record, it 
is apparent that the technique employed often leaves much to be desired. In my opinion, 
renal angiography is an indispensable diagnostic method when performed properly and 
upon good indications. The entire examination must therefore be performed by a trained 
roentgenologist. 

8. Anatomy and roentgen anatomy 

a) Arteries 

The two renal arteries arise from the aorta in the sectional mid-plane and usually 
at the same level, i. e. at the lower third of the first lumbar vertebra or at the disk 
between the first and second lumbar vertebrae (Fig. 39). The superior mesenteric 
artery arises somewhat cranial thereto and from a more ventral aspect. The origin of the 
right renal artery is, as a rule, somewhat more cranial than that of the left. The right renal 
artery most frequently runs a horizontal or descending course; the left, a horizontal or 
ascending course. The renal artery always enters the upper part of the hilum cranial to 
the renal pelvis and here the artery has its center of divergence. In 68 % of all cases the 
artery divides after it has entered the hilum (HOU-JENSEN, 1929). It may, however, 
divide earlier and in 20~40 % two renal arteries occur on either side (POIRIER and CHARPY, 
1923). The renal artery is of end-artery type down to the interlobar branches, so that each 
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Fig. 39. Renal angiogram and renal artery skiagram: a)-d) frontal view, e)-g) oblique view (ventral arterial 
branch shown in black, dorsal branch, hatched) 

branch has its own field of supply and does not anastomose with the other territories at 
that level. The kidney has an anterior territory and a posterior territory divided by an 
intermediate region fairly poor in vessels somewhat posterior to the longitudinal plane 
of the kidney. There is a segmental arrangement of the intrarenal arteries, which is said 
to be constant. The region of supply of the renal artery has been described as being divid
ed into 5 segments, apical, upper, middle, lower, posterior, each of which is supplied 



Arteries 75 

e f 

g 

by its own artery without collateral circulation (GRAVES, 1954). The artery to the apical 
segment had the most varying origin. Some kidneys have, as normal variants, branches 
running directly to the upper and the lower pole (almost 20 % and 1 % respectively 
(HELLSTROM, 1928, BERGENDAL, 1936). It should be observed that the arborization does 
not coincide with the lobation of the kidney (SMITHUIS, 1956). It may be very irregular, 
one branch, for example, dividing within the hilum and running to both poles (CHIAUDANO, 
1955). (See chapter on anomalies). 

Selective angiography will give a clear impression of the anatomy of the vessels, 
knowledge of which is necessary for proper interpretation of the films. Knowledge of the 
course of the vessels is likewise of importance prior to any operation on the kidney, par-
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ticularly if resection is contemplated. The anatomy of the vessels and their segmental 
distribution should therefore be founded on the angiographic findings. From this starting 
point BOIJSEN (1959) made an exhaustive investigation of the anatomy of the renal 
artery and its branches. The segmental distribution was studied in angiograms of autopsy 
specimens and in our clinical angiograms. The distribution is based on the localization 

Fig. 40. Diagram of left caudal renal pole showing common variations of arterial supply 

of seven pairs of pyramids described by LOFGREN (1949). In principle, there is a ventral 
field and a dorsal field supplied by arteries arising from the renal artery. These arteries 
run ventrally and dorsally, respectively, to the renal pelvis and always supply the inter
mediate parts of the kidney, namely the fourth and fifth ventral and dorsal pyramids 
respectively. They often extend cranially and caudally so far as to include all the ventral 
and dorsal pyramids. More commonly, however, the ventral arteries supply not only 
the ventral area of the intermediate part, but also the ventral and dorsal pyramids in 
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the inferior part and the dorsal artery, the two uppermost pairs of pyramids in the 
superior part and the dorsal intermediate part. 

Owing to the tilted position of the kidney and the characteristic appearance of 
the dorsal and ventral branches of the renal artery, a single projection is often sufficient 
to chart the course and field of supply of these branches. Sometimes oblique views 
are helpful (Figs. 39, 42). As a rule, the dorsal branch gives the impression of being the 
first branch from the renal artery, in most cases it is much narrower than the ventral 
branch, and, owing to the position of the kidney, it runs more medially than the ventral 
branch and its field of supply is also situated more medially. Separate arteries from 
the renal artery sometimes run to the two poles before division into dorsal and ventral 
branches, though, as a rule, the poles are supplied by the ventral and dorsal branch 
respectively. 

\ 

Fig. 41. Diagram showing common variations in origin, course, and field of supply of arterial branches to caudal 
pole (after BOIJSEN) 

The nutrition of the first two pairs of pyramids varies widely; they are often supplied 
by several arteries (Fig. 40). The supply to the pars inferior, on the other hand, is more 
regular, usually with only one artery running to the lower pole (Fig. 41). In 30 % of the 
cases in our material the dorsal branch supplied the dorsal pyramids; the ventral branch, 
only the ventral pyramids in the lower pole. In 60 % of the cases the entire inferior part 
was supplied by a lower polar artery arising from the renal artery or its ventral branch 
(Fig. 42). In these cases the vessels to the lower pole can be ligated in the hilum so that 
an almost horizontal incision can be made through the lower part of the kidney on resection 
of the lower renal pole. 

The renal arteries are end-arteries, so that examination by the selective technique 
will be incomplete if the kidney is supplied by more than one renal artery. Of our series 
of "normal" kidneys, we found supplementary arteries in 20 %. We did not find the num
ber of renal arteries to vary with the normal variation in the shape of the renal pelvis. 
On the other hand, we did find that double kidneys and kidneys with hydronephrosis due 
to obstruction of the pelviureteric junction were supplied by multiple arteries in 50 % of 
the cases. Almost all kidneys with a congenital malformation had multiple renal arteries. 
Multiple arteries will be discussed in association with anomalies and hydronephrosis. 
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The problems of the arterial supply and the nutritional areas of the different arterial 
branches has been the object of further studies by HEGEDUS (1971) of our department. 
HEGEDUS made the following findings on the basis of a three-dimensional concept of the 
kidney arrived at at roentgenologic examination through the use of a true lateral projec
tion together with a frontal projection: 

In more than 50 % of cases the renal arteries and their primary branches run a some
times markedly tortuous course around the kidney pelvis. Two primary branches were 
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Fig. 42. Schematic illustration of segmental distribution of ventral and dorsal branch of renal artery 

found in approximately 70 % of the kidneys examined, three primary branches in 20 %, 
and four primary branches in 10 %. In less than 50 % of the cases the plane dividing the 
nutritive zones between the ventral and dorsal arteries was mainly longitudinal, indicating 
a ventral-dorsal division of supply. In more than 50 % of the cases, however, the plane 
dividing the nutritive zones was mainly transversely oriented, indicating a cranio-caudal 
division of the zones of supply, whereas in a small percentage of cases the division was 
of a mixed type. 

HEGEDUS found, further, that in kidneys supplied by multiple arteries the following 
groups could be differentiated: 
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Group I - the two arteries behaved like two primary branches. 
Group II - the larger of the arteries behaved like a main renal artery with primary 

branches, while the smaller artery replaced a secondary branch. 
Group III - the larger of the arteries represented a main artery with all the primary 

and secondary branches, whereas the smaller renal artery was a tertiary branch dividing 
into a few interlobar arteries. In a small group the larger arteries supplied the whole 
kidney, with the exception of the supply from one small interlobar artery, which had a 
separate aortic origin. 

The caliber of the artery is of importance from certain diagnostic points of view. It 
is described in the anatomic literature as being 6 mm wide. We have found a considerable 
range of variation of the caliber of the renal artery in normals and a general tendency of 

11 

Fig. 43. Diagram of arteries arising from renal artery or its intrarenal branches and supplying extrarenal parts. 
1. Inferior phrenic artery. 2-4. Arteries to adrenal. 5. Superior capsular artery. 6. R. sup. pyr. IV. 7-8. 
Middle capsular arteries: recurrent (7) and perforating (8) arteries. 9. Pelvic arteries. 10. Ureteric arteries (ven
tral and dorsal). ] 1. Internal spermatic artery. 12. Inferior capsular artery, which together with the superior 
capsular artery forms "1' arcade exorEmale" (SCHMERBER). Occasionally, although rarely, the inferior capsular 

artery departs from the renal artery. (After BOIJSEN) 

the caliber to decrease with increasing age. In a clinical material EDSMAN (1957) found 
the renal artery, as measured on angiograms, to range between 6.1 and 9.7 mm in the 
majority of cases in males, the corresponding figures for women being 4.6-8.2 mm. 
There was no difference in the luminal diameter of the single renal artery on the right side 
and on the left side in his material. 

The capsular arteries, arteria capsularis superior and arteria capsularis media and 
inferior, will often be filled in selective angiography (Fig. 43). They stand out distinctly 
because of the relatively slow rate of flow and they appear filled with contrast medium 
longer than the renal artery. These arteries can be displaced by tumors. They may also 
contribute to the supply of renal carcinoma and occasionally be the main supply, and 
are of interest as collaterals in blockage of the main renal artery. 
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Renal pelvic arteries can also be observed. They are so narrow, however, that they 
can as a rule scarcely be discerned except in pathologic processes in the renal pelvis, e. g. 
pyelonephritis. This is also the case with the ureteric arteries (BOIJSEN, 1959). 

Magnification radiography should be mentioned in this connection. With the use of 
tubes of very fine focus, it is possible to obtain renal angiograms with a definition making 
it possible to observe glomeruli closely. 

Mention should be made here of photographic and electronic substraction methods 
and methods for direct and indirect color flu orography and radiography. 

b) N ephrographic phase 

It has been suggested that the nephrographic phase be called instead the capillary 
phase. This is not a correct designation, however, because the phase represents not only 
the contrast medium in the capillaries but also that in the excretory system of the kidney. 
This has been investigated by EDLING and HELANDER (1959) in well designed experiments 
in which Thorotrast which cannot be excreted by the kidney was injected into one renal 
artery, and water soluble contrast medium of the type excreted by the kidney was in
jected into the other renal artery. Their investigation showed that the capillary filling is 
only a minor component of the nephrographic phase. The nephrographic effect is initially 
due to a very slight vascular phase, and mainly to accumulation of the contrast medium 
in the tubular epithelium of the cortex and in the urine inside the tubuli. If excretion is 
obstructed, back-diffusion of contrast medium to the blood may occur. BOLIN (1966) 
points out that the nephrographic effect in angiography is not always distinguished from 
that in urography. The nephrographic effect in urography is due to an accumulation of 
contrast medium in the lumina of the nephrons. In lumbar aortography with low blood 
pressure (LINDGREN, 1953) the hypotension decreases blood flow and thus decreases 
admixture of blood to the contrast medium. In his studies on the nephrographic phase 
BOLIN finds this to be comprised of three components: one, the cortical vascular bed 
together with the intra-renal veins contains contrast medium which leaves the kidney at a rate 
corresponding to that of the cortical flow. This component is very small and short and 
specifically short if the injection time is short. Two, this component represents the volume 
of contrast medium in the tubular cells with an uptake capacity of approximately 8 ml. 
The washout of half of this tubular contrast medium requires approximately 6 seconds. 
Three, this component is the filtered contrast medium in the lumina of the nephrons and 
the small amount in the medullary vessels. On the basis of these and other data, BOLIN 
has presented a method for measuring the contrast medium in the kidney during angio
graphy by densitometry. With certain modifications of ordinary selective angiography 
but without sacrificing any of the information usually obtained through that method, the 
new method can give information on the passage ofthe contrast medium through the kidney 
and on flow, filtration and tubular cell activity in the kidney. 

About 10 seconds after the injection of the contrast medium, the nephrographic phase 
usually begins to reach a maximum at which it persists for a period varying with the 
blood pressure. If the blood pressure is lowered, it may persist for several seconds. In this 
phase a dense accumulation of contrast medium is first seen in the cortex and columnae 
Bertini, while the pyramids appear as contrast defects against the rest of the kidney. 
The density of contrast then increases in the pyramids and thereby in the entire renal 
parenchyma. Because of the different directions of these pyramids in relation to the hilum, 
the density of the kidney will be irregular and vary greatly with the rate of injection of the 
contrast medium. If the amount of contrast medium injected is small or if the contrast 
medium is injected at a slow rate, these differences in the nephrographic phase will be 
blurred. 

The outline of the kidney appears distinctly in the nephrogram and the hilum and 
sinus are as a rule readily recognized. Any persisting foetal 10 bation can also be seen. The 
hilum varies considerably in shape. 
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HEGEDUS (1971), using frontal and true lateral views of the kidney, has been able to 
study in the nephrographic phase the regions of the renal parenchyma fed by the different 
branches of the main renal artery. This technique allows a thorough study of the shape, 
size and volume of the kidneys. There are great variations in the shape of the kidney: 
the ovoid type, for example, with a smooth surface, the ovoid type with a lobulated 
surface, kidneys with impressions from the liver or spleen, and kidneys with large hilar 
lips. The thickness of the kidneys varies greatly, as does the volume. It has been pointed 
out by KING et al. (1968) that as a normal anatomic variation a large cortical mass can 
project into the renal sinus. Such a mass appears as an expansive lesion at urography. 
At angiography the arteries deviate around the mass and in the nephrographic phase the 
mass increases in density, as does the remainder of the cortex. HEGEDUS and FAARUP 
(1972) have designed a simple and reliable technique for quantitative estimation of the 
volume of the total kidney and of the superficial cortex of the kidney (Fig. 44). ("Super
ficial cortex" means the cortex volume excluding the columnae Bertini.) In their analysis 
of total cortical volume and superficial cortical volume these authors found the most 
stable parameter in normal kidneys to be the ratio between the volume of the superficial 
cortex and that of the total kidney. 

c) Venous phase 

The veins, which are wide (about twice as wide as the arteries), lie ventral to the latter 
and follow them in their course. Like the arteries, they may be duplicated, although less 
often than arteries (HELLSTROM, 1928). They are formed from 1-4 trunks in the hilum. 
In contradistinction to the intrarenal arteries, the veins present no segmental arrange
ment, there being a free anastomosis of venous channels throughout the kidneys (GRAVES, 
1956). 

The veins become visible usually about 10 seconds after the injection of the contrast 
medium, occasionally earlier, and the filling usually reaches a maximum approximately 
20 seconds after the end of injection. The use of a highly concentrated contrast medium 
will increase the visibility of the veins because the contrast blood is not cleared comple
tely from contrast medium. This also appears to be the case if renal function is impaired. 
If the examination is carried out with the patient holding his breath in different respi
ratory phases, considerable differences can be seen in the course of the veins. In many 
instances it is important to study the veins, for example in venous thrombosis, hydro
nephrosis, tumor, etc. 

d) Flow studies during angiography 

The general principle at each roentgen-diagnostic procedure is to extract as much 
useful information as possible. In renal angiography, as in many other angiographic 
procedures, the study, in addition to obtaining initial morphologic information, can be 
extended to include physiologic parameters of great diagnostic value, directly or by modi
fication of technique at recording, or by adding a new supplementary technique. Flow 
studies of the kidney during angiographic procedures represent such an addition. 

A crude appreciation of the flow in the renal artery can be made from serial films by 
studying the caliber of the renal artery, the size ofthe kidney and, to some extent, the di
lution of the contrast medium injected. Greater accuracy and objectivity result from the 
use of densitometry of serial films or TV recordings (SILVERMAN, 1969). 

The best method at angiography in morphologic studies was found by OLIN and 
GOTHLIN (1971) to be the dye-dilution technique. After a single injection of Indocyanine 3 
into the renal artery, blood samples were automatically and continuously sucked from 
the renal vein through a catheter in the vein to a spectrometer and automatically rein
fused into the vein. The spectrometer recording allows calculation of renal blood flow. 

Normal kidneys, anomalous kidneys and kidneys with different types and degrees 
of pathology have been studied, and are continuously being studied, by a standardized, 

6 Handbnoh der med. Radiologie, Bd. XIII!l 
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Fig. 44. Estimation of superficiae cortex according to HEGEDUS & FAARuP. a) and b) few columnae Bertini, 
c) and d) large columnae Bertini 

easily practicable technique. Values for different pathologic lesions are collected and 
compared at the same time as the range of normal variations is established. At this early 
stage of this extensive project, information of decisive importance in diagnosis has already 
been obtained, and no doubt this additional technique will very soon have routine appli
cation in selected diagnostic situations. 

The technique can be developed to make possible determination of glomerular filtra
tion and tubular secretion simultaneously and will allow refined diagnostic determination 
and a certain degree of prognostic evaluation, and may influence decision on certain indi
cations for surgery. 
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e) Pharmacoangiography 
In connection with angiography, enhancement of findings may be achieved and 

subliminal symptomatology may be transferred into well detectable signs by use of cer
tains drugs in connection with the angiographic procedure. Thus in our department 
ABRAMS, BOIJSEN and BORGSTROM (1962) started animal experiments to study the effects 
of epinephrine on the renal circulation. This drug was later used to cause contraction of 
normal vasculature in the kidney, resulting in better demonstration of pathologic vascu
lature, which did not react to epinephrine (ABRAMS, 1964). 

For details of the pharmacologic effects of epinephrine and other drugs generally and 
specifically, the reader is referred to reviews by, for instance, ABRAMS (1964), ELKIN and 
MENG (1965), CHVOJKA and DOLEZEL (1971) and to the very thorough study by ABRAMS 
and OBREZ (1971). It must be pointed out that the reaction of tumor vessels to epinephrine 
is not specific. The vessels in inflammatory lesions may also be unresponsive to epine
phrine, which makes the use of this drug less important in the sometimes difficult differ
ential diagnosis between renal tumor and inflammatory lesions (KAHN and WISE, 1967; 
BECKER et al., 1967). 

EKELUND et al. (1972) advocate the use of angiotensin, dose 0.5 micrograms, to 
enhance the demonstration of pathologic vasculature in the kidney. This drug had been 
used by ELKIN and MENG (1966) in experiments on dogs, where it had been shown to 
have a more peripheral vasoconstrictive effect than epinephrine. The results with epine
phrine were somewhat unpredictable. As angiotensin is supposed to act more peripherally 
in the blood vessels than catecholamines this drug may have better effect, especially in 
the differential diagnosis between tumor with low vascularity and cyst. This diagnostic 
addition seems to offer definite advantages. 

The use of acetylcholine is advocated by ABRAMS (1972) and by VESIN (1973). This 
drug causes vasodilatation and thus enhances filling of arteries and veins, and in this 
connection is supposed to provide better possibilities for demonstration of pathologic 
vasculature. 

Drugs can also be used to improve the venous phase at angiography. Here, as in other 
angiographic regions, the injection of a vaso-dilatative drug may cause improvement. Thus 
FREED et al. (1968) in experimental studies on dogs, demonstrated improvement of 
venous filling after injection of bradykinin into the renal artery. HELETA and VIRTAMA 
(1970) have demonstrated the same effect in homo. The injection into the renal artery of 
20 Mg bradykinin thus gives a better demonstration of the renal vein. 

A survey of pharmaco-angiography of the kidney is given by EKELUND (1973). 

v. Renal pWebography 

In certain conditions such as suspected thrombosis of the renal vein or of the inferior 
caval vein by an ordinary thrombus or tumor thrombus, phlebography may be informa
tive. This examination can be performed in association with cavography. Both femoral 
veins are then punctured and contrast medium injected at the same time on both sides. 
A catheter may also be passed via an arm vein (exposed or percutaneously), the catheter 
then being fed through the right auricle of the heart down into the inferior caval vein. 
It is also possible to perform selective catheterization of the renal vein and selective renal 
phlebography (Fig. 45). GOSPODINOW and TOPALOW (1959) catheterized via the left 
spermatic vein, which is an unnecessarily complicated procedure. 

Cavography is performed with the patient supine and preferably turned slightly to 
the side to be studied, with the head end somewhat raised. This position facilitates the filling 
of the renal vein because of the high specific gravity of the contrast medium. After manual 
injection of 15-20 cm3 contrast medium (best tri-iodine medium) into each femoral vein, 
exposures are made, preferably with a cassette changer. During the injection the patient 

6* 
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Fig. 45. Renal phlebography: selective catheterization of renal vein; filling of renal vein and intrarenal tributaries 
and of inferior caval vein 

Fig. 46. Accidental puncture of kidney and injection into intrarenal venous branch; filling of renal vein and of 
lateral part of inferior caval vein. (Puncture made for splenoportography) 

may be instructed to strain when the head of the column of contrast medium has passed 
the origin of the renal vein. This facilitates the filling of the vein. If the flow in the renal 
vein is unobstructed, streamlining in the caval vein will be seen. At selective catheterization 
10-20 ml is injected into the renal vein. 

The best method of performing renal phlebography is to inject contrast medium through 
a catheter into the renal vein with simultaneous blockage of the arterial back pressure. 
This can be secured by injecting into the renal artery a small dose of epinephrine or 
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angiotensin, thus decreasing the renal blood flow. During the period of reduced flow the 
contrast medium is injected through the catheter into the renal vein, giving a filling of the 
veins in retrograde direction as peripherally as the arcuate veins (OLIN and REUTER, 
1965). Another method is to block arterial flow through a balloon in the renal artery 
(JENSEN and OLIN, 1971). 

In animal experiments BRAEDEL and HERAVI (1972) have used a non-renotropic 
contrast medium, Biligrafin forte, for phlebography. As only about 10 % of this contrast 
medium is excreted by the kidney, an intra-arterial injection of the medium into the 
renal artery produced good demonstration of the veins. 

A special type of renal phle bogra phy with catheterization is that performed on patients in 
whom an anastomosis has been surgically established between the splenic and renal vein 
because of portal hypertension. In such cases we have been able to catheterize both the 
renal vein and the anastomosis and to pass the catheter into the stump of the splenic 
vein. 

A special form of phlebography with a filling of veins in the direction of flow., i. e. 
from the side of the kidney, has occasionally occurred accidentally in association with 
direct puncture of the kidney and injection of contrast medium directly into the renal 
parenchyma (Fig. 46). This has occurred in connection with splenoportography in which 
the needle has accidentally been inserted into the kidney instead of into the spleen. Ex
cellent renal phlebograms were obtained without any side effects of the puncture. Two 
such cases have been described by LEGER et al., 1957). We have also had two such cases in 
our department. 

Normal anatomy 

The inferior caval vein crosses the right part of the spine. It is fairly straight and has 
a caliber of 1.5-3 cm. It anastomoses richly with the spinal and other veins, which can be 
observed if the vein is compressed by a pathologic process or artificially. On performance 
of the Valsava maneuver, contrast medium injected will enter the renal vein in retrograde 
direction. 

On catheterization of the renal vein and injection of contrast medium directly into 
that vein, a considerable retrograde filling will be obtained of venous radicles as well as 
of the main trunks (see above). Filling of all renal veins will be possible through the use 
of the method of decreasing or blocking arterial flow. 

It is usually said in the anatomic literature that multiplicity of renal veins is a rare 
occurrence. Multiplicity is found fairly often at renal phlebography, however. 

D. Anomalies 

Those anomalies which are of greatest importance and most easily accessible to 
diagnostic roentgenology will here be dealt with first, in contrast to most descriptions of 
the anomalies. No attempt will be made here to include all anomalies which are due to 
embryologic disturbances. Some will be described in appropriate chapters, e. g. polycystic 
disease in association with renal cyst, stenosis of the pelviureteric junction in association 
with dilatation of the urinary pathways, etc. It must be pointed out that renal abnormali
ties are often found in combination with other developmental abberations. Thus, in 
multiple congenital anomalies, renal ectopia and other types of renal malformations are 
often present. The finding of renal ectopia, for example, is an indication for thorough in
vestigation of other abnormalities such as skeletal, cardiovascular and gastro-intestinal 
anomalies. When certain anomalies are recognized, it is imperative to investigate the 
possibility of renal ectopia (MALEK et al., 1971). 
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In a report on seven cases involving severe fetal urologic malformation with dilatation 
of the kidney pelvis and ureters, pulmonary hyperplasia was severe and in all the pa
tients pneumothorax and/or pneumomediastinum was present (RENERT et al., 1972). 
The authors recommend early urologic evaluation when unexplained respiratory problems 
are noted at birth. 

PARKER in 1895 described a malformation syndrome with absence of abdominal mus
cles in an infant with undescended testicles and anomaly of the urinary tract. ANDREN 
et al. (1964) and CREMIN (1971) have described this symptom in the radiologic literature. 
The triad of lesions usually noted in this syndrome, according to CREMIN, are: 

1. absence of abdominal muscles, the degree of involvement varying from severe to 
mild, but with low erecti usually involved, 

2. undescended testicles, 
3. anomalies of the urinary tract. These are: varying degree of dysplasia, dilatation 

of the kidney pelvis and ureters due to absence of muscle fibers, dilatation of the bladder, 
often with a urachal diverticulum, and dilatation of the posterior part of the urethra. 

I. Anomalies of the renal pelvis and 
associated anomalies of the ureter 

As mentioned in the description of the normal anatomy, the shape of the renal pelvis 
varies so widely that it is often difficult to decide whether ornot the organ should be regarded 
as normal. Not infrequently the kidney pelvis has a shape which makes it impossible to ex
clude a slight impression in it by a small expansive process in the kidney parenchyma. 
This makes it necessary to perform renal angiography in certain cases in order to exclude 
tumor. 

A small process from the confluence or upper or lower branch, for example, is des
cribed in connection with the anatomy. This probably represents a slight inhibitory mal
formation. A definite but rare congenital anomaly of the renal pelvis is illustrated in Fig. 47 
The most common of all anomalies is the double renal pelvis with forked ureter or complete 
double ureter. 

Fig. 47. Unusual anomalies of kidney pelvis with small extra branches from cranial part of confluence of kidney 
pelvis 



Double renal pelvis 87 

1. Double renal pelvis 

The embryonal renal pelvis has two parts separated by a sulcus, the so-called primary 
bifurcation angle (LOFGREN, 1949). If these two parts persist more or less independently 
in the confluence, the result will be the formation of a deeply cloven renal pelvis which is 
usually regarded as a normal anatomic variant. If they do not fuse at all, the result will 
be an anomaly, the so-called ureter fissus or forked ureter. Thekidney then has two separate 
pelves, each drained by its own ureter. The ureters unite, however, and from their point 
of union, which may occur at variable levels, there extends a common ureter to the 
bladder. Ureter fissus is regarded by many (cited NORDMARK, 1948) as being due to prema
ture division of the ureteric bud or coming from an originally double ureteric bud. If 
this double bud persists, it will result in a double ureter. If the buds fuse partially, they 
will result in the formation of a forked ureter. Other authors claim that a divided renal 

a b 

Fig. 48. Double kidney pelvis with small upper part. a) Caudal pelvis of ordinary anatomic form not modelled 
by cranial part of kidney, which is too small to influence large caudal part. Note pyelolymphatic backflowfrom 

uppermost calyx of caudal pelvis. b) Small pyelogenic cyst at edge of uppermost calyx of caudal pelvis 

pelvis, forked ureter, and double ureter are different grades of one and the same anomaly, 
i. e. the ureteric bud divides a varying distance from its attachment to the Wolffian duct. 

In double ureter the upper renal pelvis is usually the smaller (Fig. 48). As a rule, it 
consists of two small groups of calyces corresponding to the upper branch of the ordinary 
renal pelvis. It may also, however,be much smaller and have only one calyx which drains 
only a small amount of renal parenchyma. It then forms a transition to a blind ureter 
(see below). In bilateral double kidney the renal pelves on one side may be very different 
from those on the other. Thus, the upper renal pelvis on one side may have the common 
shape described above, while that on the other may have only one calyx. 

The lower part ofthe renal pelvis may resemble a small normal single pelvis. It may some
times be difficult particularly in children to distinguish the lower part of a double kidney 
from the renal pelvis in a normal kidney. This should be remembered in cases where no 
excretion of contrast urine occurs in the upper renal pelvis during urography. The dis-
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tance from the calyces to the cranial renal pole is then usually but not always longer. 
This should lead the examiner's thoughts to the possibility of a second renal pelvis. In 
addition, the distance from the uppermost calyx to the medial surface of the kidney is 
usually increased. Therefore, in the absence of demonstrable excretion in the upper renal 
pelvis, the presence of a tumor in the upper part may be suspected. The upper calyces of 
the lower renal pelvis often appear to be flattened. This anatomic shape of the upper 
calyces can be thought to be due to pressure by a tumor. Thorough knowledge ofthe shape 
of the lower renal pelvis, especially the topography of its upper calyces, is therefore im
perative if mistakes are to be avoided. The shape of the lower renal pelvis in a double 
kidney may vary considerably and sometimes represent the smaller part of the total vo
lume of the renal pelvis. The lower part of the kidney is then often small and the changes 
as a whole may be caused by atrophy due to pyelonephritis (see chapter on generalized 
diseases). 

In complete duplicate ureter one of the ureters may have an ectopic orifice. In males 
it is prone to empty into the prostatic part of the urethra and in females into the urethra, 
vagina or vulva. It is usually the ureter draining the upper renal pelvis that has the 
ectopic orifice. This is readily understood on an embryologic basis. In the course of em
bryologic development the orifice of the upper ureter is regularly situated farther down 
and closer to the middle of the bladder than the orifice of the lower ureter in complete 
duplication (Weigert-Meyers rule). Thus, since the ureter of the upper renal pelvis is 
located farther down, it will be closely related to the Wolffian duct and organs derived 
from it. 

The detection of an ectopic ureteric orifice may be difficult. It has been stressed by 
SEITZMAN and PATTON (1960), for example, that the finding of unexplained pyuria in the 
male as well as urinary incontinence associated with an otherwise normal voiding pattern 
in the female, warrants complete urologic investigation. 

Changes may also be observed in double kidney in the appearance of the actual renal 
parenchyma. Thus at plain roentgenography two hila or an unusually long hilum in the 
medial contour of the kidney will occasionally be seen. The medial contour is also strik
ingly straight, with the hilar lips turned only slightly inwards. A marked indentation is 
occasionally seen in the lateral outline between the two parts of the kidney (Fig. 49). 
The amount of parenchyma belonging to one pole or the other may vary widely. In the 
absence of lesions localized to either part of the kidney, the parenchyma of the upper 
half is usually the smaller. It corresponds to the pars cranialis of the normal kidney and, 
as a rule, comprises three pairs of pyramids, while the lower part corresponds to the pars 
intermedia and caudalis of the normal kidney and contains four pairs of pyramids (LOF
GREN, 1949). The line of demarcation between the regions of the parenchyma is not sharp. 
This may be demonstrated clearly by the nephrographic effect on urography in acute 
urinary stasis due to stone in one of the ureters (HELLMER, 1942). If one part of a double 
kidney harbors a lesion, e. g. pyelonephritis, it may shrink and the upper part may show 
hyperplasia with a marked difference between the two parts. 

The parts of the kidney on one side may also be entirely independent, with super
numerary kidneys as a result. 

Multiple arteries to kidneys with a double pelvis are often, but not regularly, found 
at renal angiography. 

NORD MARK (1948) studied the frequency of double renal pelvis. Of 4,744 urograms 
he found duplication of the renal pelvis in 201 (4.2 per cent) and duplication of the ureter 
in 138 (2.8 per cent). Bilateral double pelvis was seen in 1 per cent of the cases and double 
ureter in 0.4 per cent. Unilateral incomplete division ofthe ureter, forked ureter, was seen in 
60 cases, unilateral complete division of the ureter in 59 cases, bilateral complete division 
of the ureter in 11, bilateral incomplete division of the ureter in 5, and complete division 
of one side and incomplete division of the other in 3 cases. 
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As mentioned, supernumerary kidneys also occur. Thus ureters may not only be 
duplicated but also triplicated. In all cases of triplication of the ureter on record the 
anomaly was unilateral. The three ureters may empty separately into the bladder or to
gether, with a varying length of the different free ureteric segments. One or more of the ureters 
may be dilatatedandemptyectopically. Asa rule, they belong toacomposite kidney, which 
may be caudally ectopic (PERRIN, 1927). One ureter may belong to a free supernumerary 
kidney (LAU and HENLINE, 1931) or it may be a blind ureter (CHWALIA, 1935). A good 
survey of these rare anomalies has been given by GILL (1925), SPANGLER (1936). A case 
of sextuplicitas renum, six functioning kidneys and ureters, was described by BEGG (1953). 
The latter author gives a critical survey on prevailing theories offered to explain how 
such an anomaly can arise. 

To complete the list, mention should be made of ureter duplicatus caudalis, i. e. 
one renal pelvis but with branching of the ureter. This anomaly is difficult to understand. 

Fig. 49. Kidney with double renal pelvis with marked fat capsule laterally. At division of the two parts of the 
double kidney, a fat pad marks an indentation in the lateral contour of the kidney 

2. Blind ureter 

In double formation of the ureter, one of these may cease to continue the course of 
its development and never unite with the renal parenchyma. It persists as a blind ureter. 
It may be as short as 1-2 cm but it may also be even longer than a normal ureter 
(ENGEL, 1939). The long blind ureter is, in reality, the ureter to the upper part of a double 
kidney that fails to form and, as mentioned, this malformation approaches that of a double 
kidney with a very small upper part. The blind part may unite with the lower ureter 
to form a forked ureter. It may also be free, however, and can then empty ectopically. 
Though such a ureter does not drain any parenchyma and thus has no real function, 
contractions may occur in its wall. Such contractions may be so severe as to cause pain. 
Stagnation of urine in the blind ureter favors infection with fever, pain and stone formation, 
which can cause pyuria and haematuria. 
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A blind ureter is best detected by pyelography (Fig. 50). It can be diagnosed by 
urography, however, if it opens into the other ureter. It must not be confused with a 
ureteric diverticulum (Fig. 51), which is only a pouch which may be adjacent to a stricture 
in a ureter, for example. 

Fig. 50 Fig. 51 

Fig. 50. Blind ureter in ureter fissus 

Fig. 51. Small ureteric diverticulum 

3. Anomalies of the calyces 

An important group of anomalies which have received but scanty attention but 
which are of great importance are malformations of the calyces. These are important not 
only from a puraly diagnostic point of view, since they are likely to be mistaken for pa
thologic processes, but also because they may favor stone formation, for example. It 
is difficult to draw any definite line of distinction between normal variation and anomaly 
because, as mentioned, the range of normal variation is so wide and has not been the sub-
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ject of sufficient systematic investigation. Microcalyces (Fig. 52) may be regarded as ano
malous. They are very small. 5-10 mm long, calyx-shaped, tiny projections from the bor
der of a calyx or consist of thin branches of a renal pelvis like an ordinary calyx. In 
these microcalyces stones may sometimes be observed and they may dilate. They may 
simulate a well defined sinus reflux. 

Another anomaly consists of more or less distinct local evaginations from the border 
of the calyx (Fig. 53) usually from several calyces in the same kidney. Such small eva
ginations sometimes contain minute calculi (see Fig. 89). It is suggested that the term 
calyceal evaginations be reserved for this anomaly. Some of these changes represent border
line cases of a spongy kidney, for instance (see chapter on medullary sponge kidney). 

Fig. 52 Fig. 53 

Fig. 52. Dilated micro-calyx 

Fig. 53. Calyceal border evagination 

4. Anomalies in the border between calyces and renal parenchyma 

Anomalies are common along the border between the two components of the ureteric 
bud and of the metanephrogenic blastoma, thus the junction between the calyces and 
parenchyma. This region is also a common seat of pathologic changes. Diagnosis and 
differential diagnosis are therefore difficult in the presence of changes in this region. Tho 
most important form of anomaly is a cyst. A large number of bewildering names havo 
been given to these formations, such as cystes urinaires (RAYER, 1841), pyelogenic cyst 
(DAMM, 1932; LJUNGGREN, 1942), calyceal diverticulum, Kelchdivertikel (ITIKAWA and 
TANIO, 1939; PRATHER, 1941), cyst of the kidney due to hydrocalicosis (WATKINS, 1939), 
calectasia (ENGEL, 1947), solitary renal cyst with communication to the renal pelvis 
(NATVIG, 1941), Kelchzyste (ESCH and HALBEIS, 1953), diverticules kystique des calices 
(FEY et al., 1951), ectopic calyx (KENT, 1954), etc. This long list is by no means exhaustive. 
It is sufficient, however, to show that the nomenclature is confusing. These terms have 
undoubtedly been used to cover many different pathologic conditions. It is obvious that 
many authors have used the same name for different processes and that other authors 
have used different names for one and the same condition. This may be explained by the 
fact that some different pathologic conditions may simulate one another macroscopically, 
i.e. at roentgen examination and at operation and, secondly, that various names have 
apparently been suggested without due consideration. 

On roentgen examination the process appears as a cavity connected to a calyx. It 
is well outlined, more or less oval or round, of varying size from a few millimetres to a few 
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centimetres in diameter, situated at any height in the kidney and usually connected with 
the renal pelvis by a narrow or wide, short or long channel. It may communicate with 
the fornix of a more or less well preserved calyx or with the middle of a calyx, or it may 
originate between two calyces. 

The pathologic conditions capable of producing such a roentgen finding may be 
divided roughly into two groups: 1. changes in the renal parenchyma with formation of 
a cyst communicating with the renal pelvis and 2. changes in the renal pelvis, particularly 
a calyx which may intrude upon the renal parenchyma. 

Group 1. Various types of papillary ulceration such as renal tuberculosis, pyelone
phritis and papillary necrosis may lead to destruction of the papilla and a wide communi
cation or fistulation to a calyx. In long-standing or healed processes the remaining cavity 
may be smooth and well-defined. 

Fig. 54. Pyelogenic cyst in cranial kidney pole 

If it is situated near the renal pelvis, a so-called meta-nephrogenic renal cyst which 
is laid down in the usual way may rupture into the renal pelvis, with which it then communi
cates. In such cases cysts are usually multiple and dislocate the branches of the renal 
pelvis. Meta-nephrogenic cysts communicating with the renal pelvis have cubical epithel
ium. The so-called pyelogenic cyst (see Fig. 54) may be of similar appearance, but it is 
usually single and, unlike multi cystic changes, it does not deform the renal pelvis. The 
pyelogenic cyst is as a rule small, 1-2 cm in diameter, but may on occasion be much 
larger. It is round or oval and well defined. The cyst often contains calculi, sometimes 
numerous microliths. Such a case has been described by RUDSTROM (1941) with about 
2,000 microliths. The communication of a pyelogenic cyst with the renal pelvis may be 
very narrow. Not until after prolonged compression during urography can a filling be 
obtained, and sometimes the cyst is situated deep in the parenchyma without any demon
strable connection with the renal pelvis. This is because the duct is so thin that it cannot 
be seen. The collecting tubules empty into the wall of the cyst, and it is possible that a 
filling may be obtained from the parenchymal side, which explains why cysts of this type 
are sometimes not demonstrable by retrograde pyelography. As a rule, however, it must 
be supposed that even in urography the cysts are filled in retrograde direction by constrast 
medium which is first excreted into the renal pelvis. Only in one instance have I seen a 
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fairly large cyst communicating with the renal pelvis, which after prolonged compression 
became filled and then suddenly expanded and dislocated adjacent calyces. Microscopi
cally the pyelogenic cyst has transitional epithelium. Without shedding much light upon 
this anomaly, DALLA et al. (1958) ascribed it to " calico-pyramidal dysplasia". Roentgen
ologically the term pyelogenic cyst undoubtedly covers changes of different origins. 

Group 2. The actual border of the calyx is capable of wide variation and, as mentioned, 
can show bulges which will be referred to here as calyceal evaginations. Most of the changes 
in this group, however, consist of hydrocalyces. Papillary ulceration often involves both 
the renal parenchyma and the renal pelvis. This is the case in tuberculosis and pyelone
phritis. In these diseases edema occurs in the stem of a calyx which may be accompanied 
by shrinkage resulting in stasis in the calyx, with distention, flattening of the papilla and 
ulceration, if infection is present. A common cause of hydrocalicosis is stone lodged in 
the stem of the calyx. 

Fig. 55. Complete aplasia. Angiography: no renal arteries 

It has been claimed (WATKINS, 1939 and others) that hydrocalicosis may result from 
achalasia of the muscle in the calyceal wall. The idea is interesting but as yet no supportive 
evidence is available. 

The changes in juvenile hypertension described by ASK-UPMARK (1929) show anomalies 
of the calyx as well as of the corresponding part of the renal parenchyma. In these cases 
the calyx may be club-shaped and extend out to the periphery of the kidney. The appear
ance of the change simulates that of so-called local hypoplasia. A similar picture is seen 
in healed papillary necrosis. 

Many of the lesions referred to above are difficult to distinguish from one another 
and undoubtedly a change of a certain type may be the end result of many completely 
disparate lesions. 

II. Anomalies of the renal parenchyma 

1. Aplasia and agenesia 

Defective development of the kidney may vary from slight hypoplasia to severe 
aplasia and agenesia. (Fig. 55). Hypoplasia has been defined as a local or general maldevelop-
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ment of a kidney with apparently normal excretory capacity, as judged by urography (see 
below). The definition is arbitrary. Aplastic kidney is accordingly to be understood as a small 
malformed kidney showing only slight or no excretion during urography. Such a kidney 
is sometimes seen in plain roentgenography as a small formation resembling a kidney 
only in outline. Sometimes it does not show up in plain roentgenograms but can be demon
strated by the use of tomography or retroperitoneal pneumography. It may be demon
strable by renal angiography and will then be seen as a miniature of an ordinary kidney 
(Fig. 57). This type of defective formation of the kidney must be remembered in obscure 
cases of pyuria. 
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Fig. 56. Aplasia. Congenital unilateral multicystic kidney. Schematic drawing of some different types of this 
rare form of aplasia. (After STAEHLER) 

In the gravest form of aplasia, one or more irregular cyst-like formations, usually 
calcified and of different size, are seen in the area normally occupied by a kidney. This is 
the result of a malformed primordium of the kidney. Such aplasia, known as Knollenniere 
in the German literature and as congenital unilateral multicystic kidney in the English 
(SCHWARTZ, 1936; SPENCE, 1955), is very rare (Fig. 56). Only about 20 cases are represent
ed in the literature (BARTLEY et al., 1967). The entity differs from polycystic renal disease 
by its not being familiar and not being bilateral. On occasion such a kidney may have a 
normal ureter, but it is usually atretic, rudimentary, or missing. The vascularity is also 
rudimentary or missing. The deformed kidney may be ectopic; it may even show crossed 
ectopy (DEAR, 1956). One of the cases of calcified hydronephrosis published by LEWIS 
and Doss (1958) resembles such an anomaly. 
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Severe malformation in the urinary tract may cause complete absence ofrenalfunction 
at birth. 

It has been pointed out by ABRAMS and KAPLAN (1956), for example, that urography 
as a final procedure in connection with angiocardiography may help in detecting unsus
pected absence of a kidney, ureteropelvic obstruction with marked hydronephrosis, congen
ital bladder-neck obstruction, double kidneys, and other anomalies (see C III 2 h, Uro
graphy at health-check examinations). 

2. Hypoplasia 

The finding of a small kidney on one side and a normal-sized or compensatorily en
larged kidney on the other is not uncommon. The smallness of the kidney may be explained 
in different ways: it may originally be hypoplastic or it may have shrunk. Shrinkage may 
be due to different conditions such as tuberculous or non-tuberculous inflammation, stasis 
due to stone or to emboli, for example. The most common cause is pyelonephritis, some
times in combination with anomaly or urinary stasis. Occasionally neither roentgen exa
mination nor pathologic examination can explain the cause of the small kidney. On
ly if the shrinkage of a kidney has been followed roentgenographically is it possible to 
diagnose the small kidney as a shrunken kidney. Repeated roentgen examination will 
reveal the course of reduction of a normal-sized kidney and thereby yield definite evidence 
that the kidney is contracted. The more widely the value of roentgenologic follow-up 
during conservative treatment of a renal disease is realized, the more often it will be 
possible to ascertain, for instance, whether or not a small kidney is the end result of pye
lonephritis. 

Many pathologists have tried to find acceptable criteria regarding the origin of small 
kidneys, but those suggested are to a large extent contradictory. After a careful study of 
183 unilateral small kidneys, of which half were available for pathologic examination, 
EMMETT et al. (1952) conclude: "There is no doubt in our minds that the unilateral 'hypo
plastic' or 'atrophic' kidney represents several different and distinct pathological entities. 
We are sure that in some cases the lesion is congential while in others it is the result of 
acquired, or a combination of congenital and acquired conditions. One of the commonest 
acquired conditions is infection ('chronic atrophic pyelonephritis'). We feel that in some 
cases of apparent chronic atrophic pyelonephritis the kidney may have been congenitally 
small to start with, but we know of no way to decide this problem accurately. For this 
reason it would seem that it might be more sensible to forego any attempts at classification 
according to origin and clinical findings and instead to employ some common 'blanket' 
term, such as 'atrophic kidney' or 'renal atrophy', to describe the unilateral small kidney, 
the cause of which is not apparent." 

In a monograph on hypoplasia EKSTROM (1955) presented a material in which kidneys 
were said to be hypoplastic if one of the two kidneys was small (two thirds or less than that 
on the other side) with adequate excretion at urography. Kidneys of this type often show 
characteristic renal pelvic changes, which can also sometimes be found to a varying extent 
in somewhat small or normal-sized kidneys. Such cases were also included as local or 
partial hypoplasia. The material consisted of 156 cases of hypoplasia. Females were more 
common than males, namely 128 of the 156. In addition, in the females the condition 
was much more frequently seen on the right side. I feel that the sex distribution and the 
preponderance of the condition on the right side strongly suggest that the material was 
biased by non-congenital factors. 

It is obvious that neither the size of the kidney nor its capacity for excreting contrast 
urine is a reliable criterion in the diagnosis of renal hypoplasia. This term therefore simply 
means unilateral small kidney with good function. Some cases may be congential, while 
others are undoubtedly acquired. Changes seen in the so-called hypoplastic kidney are 
described with due reservation below. 
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EKSTROM (1955) distinguishes three grades of renal hypoplasia, namely general, 
partial, and local. Partial hypoplasia is to be understood as hypoplasia in one half of a 
kidney with a double renal pelvis. In the series of 156 cases of renal hypoplasia, the disease 
was general in 98, partial in 18, and local in 40. In 35 of the 40 cases of local hypoplasia, 
the entire contralateral kidney was hypoplastic; in 3 cases only part of the kidney was 
hypoplastic. 

In two thirds of the cases with local hypoplasia the condition was localized to the 
upper pole. 

Fig. 57 . .Marked hypoplasia. Right kidney very small; left kidney fairly large. Urography: no excretion on right 
side; normal function and morphology on left side. Aortic renal angiography: normal conditions on left side 
(note separate upper polar branch to dorsal pyramids). Extremely small but otherwise normal kidney on right 
side. In final stage of renal angiography contrast urine was excreted also from right kidney showing small but 

otherwise normal kidney pelvis 

a) General hypoplasia 

(Fig. 57) 

In the plain roentgenogram a small kidney is seen. It may be so small as to simulate 
agenesia. It may also occur as a small oblong formation, which closer examination by 
tomography or retroperitoneal pneumography, for example, will reveal to be a small 
kidney. As a rule, however, the kidney is somewhat larger, of ordinary shape and of smooth 
outline. 
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At urography and pyelography the renal pelvis will be found to be small for the size 
of the kidney. It may be of ordinary shape or it may be short, upright and with few caly
ces. These calyces are, on occasion, elongated and almost reach the surface of the kidney 
and they may be club-shaped, so-called dysplastic calyces. This implies that the corre
sponding papilla is missing. In fact, it is this form of calyx that is the most common characte
risticfeature of so-called hypoplasia. Sometimes the changes closely resemble the anomalies 
described by ASK-UPMARK in which the recesses of the renal pelvis extended towards 
an indentation in the outline of the kidney, where they terminated blindly. This last
mentioned change, however, is, said always to be located in the central portion of the 
kidney or in the lower pole. 

The contralateral kidney is usually hyperplastic. The kidney is then somewhat larger 
than usual and often rounded and plump, but otherwise of normal shape. 

In partial hypoplasia changes of the type described above are localized to one half 
of a double kidney. Then the upper part is as rule involved, and, on occasion, it is con
verted into a small or large hydronephrotic sac with extremely little parenchyma. Malfor
mations such as ectopic ureteric orifice arc sometimes seen in association with this con
dition. The disease may be localized to the lower part of the kidney however, with hyper
plasia of the upper part. 

b) Local hypoplasia 

Local hypoplasia involves only a part of a kidney. If the change is small, the kidney 
many be of ordinary size but usually its outline will show an indentation or a reduction 
in the size of the pole at the seat of the hypoplasia. The calyces in the region involved 
resemble those described above and thus differ from those in the rest of the kidney. The 
calyces are short and broad or long and clubbed. Local bulges can sometimes be seen 
along the border of a calyx resembling calyceal border evaginations or pyelogenic cysts. 

All types of hypoplasia can be bilateral with different distribution of the changes on 
the two sides. 

It must be noted that roentgendiagnostic features described as characteristic for so
called hypoplasia may be caused by pyelonephritis and represent end stages with shrink
age. 

Renal angiography. In the few cases in which at urography a small but normally 
functioning kidney was found, the appearance of the vasculature was a miniature of that 
of a normal kidney. Severe changes in the size, shape and outline of the kidney may also 
be seen, however. Experience is too limited to allow of a description of changes seen at 
renal angiography in cases of hypoplasia. 

III. Malrotation 

On their ascent up to their definitive position during embryonal life, the kidneys 
rotate on their longitudinal axis. This may be a true rotation, or only apparent and due to 
different regional growth of the renal parenchyma. From an originally ventral position 
the kidney pelvis then assumes a medial position. Sometimes this rotation is arrested at 
an intermediate stage, resulting in malposition of the kidney, which is termed malrotation 
in accordance with similar inhibitory malformations in the digestive tract. Arrested 
rotation may be a better term but the term malrotation is widely used. The confluence 
of the malrotated kidney faces more or less ventrally and, accordingly, one or more calyces 
are directed medially. 

The malformation may be more or less marked. In fact, some cases of so-called in
trarenaly positioned kidney pelvis diagnosed roentgenologically are in reality slightly 

7 Handbuch der med. Radiologie, Bd. XIIIll 
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Fig. 58 

Fig. 59 

Fig. 58 and Fig. 59. Malrotation. Urography: different types of unilateral malrotation 

malrotated kidneys in which the kidney pelvis has been projected completely within the 
contour of the kidney. The malrotation may be unilateral or bilateral (Figs. 58, 59, 60). 

Vascular anomalies are common in malrotatedkidneys. Most malrotatedkidneys have 
a short and straight supplementary artery running from a low abdominal segment to the 
posterior part of its lower pole. The course and straightness of this artery give the impres
sion that it has arrested further rotation of the kidney (BOIJSEN, 1959). 

Malrotation is often seen in association with other malformations, such as caudal 
ectopia and fusion. 
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Fig. 60. Slight malrotation. Urography: so-called intrarenal kidney pelvis. Calyces in lower pole directed 
medially. Urogram and diagramatic superimposition of arteriogram showing the relation between kidney 

pelvis and arteries 

7* 
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IV. Ectopia 
Ectopia means displacement or malposition. The term dystopia is sometimes used 

to designate the condition, but etymologically it implies a more serious condition, for which 
it should be reserved. It should not be used for the whole group. Renal ectopia means 
that one or both kidneys are malpositioned owing to defective development. The kidney 
may be displaced caudally, cranially or medially. Caudal and cranial ectopia are often 
referred to under the common name of axial or longitudinal ectopia. Caudal displacement 
of the kidney is the most common type (Figs. 61, 62). Various types may be recognized, 
such as the pelvic type, which means that the kidney is located in the true pelvis; the 
iliac type where the kidney is found in the iliac fossa or opposite the crest of the ileum; 

Fig. 61. Caudal ectopia. Pyelography. Malrotation, confluence of kidney pelvis situated anteriorly 

and the abdominal type, where the kidney is fixed below the level of the second or third 
lumbar vertebra and above the crest of the ileum (THOMPSON and PACE, 1937). An ab
dominal caudal ectopia may be difficult to distinguish from a caudal dislocation of a 
kidney in an originally normal position, so-called mobile or ptosed kidney. In principle, 
an ectopic kidney is understood as a kidney that has never occupied a normal position, 
while a dislocated kidney has attained but not maintained its normal position (HARRISON 
and BOTSFORD, 1946). Of 97 cases of caudal ectopia THOMPSON and PACE found pelvic 
ectopia in 61, iliac in 8, and abdominal in 28. Of these, 4 were bilateral and in 8 cases the 
ectopic kidney was the only one. The ectopic kidney may thus be a solitary kidney. A 
collection of 66 cases of single ectopic kidney from the literature has been published by 
BORELL and FERNSTROM (1954). Pelvic ectopia may be so severe that the renal pole may 
be situated in a scrotal hernia. Bilateral ectopias are uncommon. COPPRIDGE (1934) 
collected 21 cases of bilateral pelvic ectopia from the literature, to which he added one 
of his own. 

Accordingto THOMAS and BARTON (1936) and CAMPBELL (1954) renal ectopia has been 
found more frequently on roentgen examination (one out of 500 according to THOMAS 
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Fig. 62. Pelvic ectopia. a) Urography: good excretion 
of contrast urine from ectopic kidney to the left in 
pelvis. b) Schematic representation of similar case. 

(After STAEHLER) 
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Fig. 63. Iliac caudal ectopia with marked malrotation. Examination because of recurrent severe pains on right 
side. a) Urography: kidney pelvis occupies a ventral, latera'! position. Hilum of kidney points laterally. b) Aortic 
renal angiography: multiple arteries to right kidney, the most caudal artery taking its origin from the iliac 
artery. c) Nephrogram clearly demonstrates position of hilum. At operation, upper 1/3 of kidney found to be 
pressed between an anterior and a posterior a,rtery and vein, forming deep impressions in the parenchyma. 

Resection of this part of kidney. Patient completely free of pain 
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Fig. 64. Medial dystopia (crossed dystopia) and fusion. Both ureters open in bladder at normal site. Schematic 
representation of similar case. (After STAEHLER) 

a 

Fig. 65. Cranial dystopy. a) and b) chest examination: large expansive mass medially-posteriorly in left part of 
chest. c) Urography: expansivity represents the upper half of a cranially ectopic left kidney 
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Fig. 65b 

Fig. 650 

and BARTON, 1936) than in autopsy series (one out of 700-1,000). The frequency with 
which the condition is seen at autopsy will, of course, vary with the thoroughness of the 
examination, the criteria used and the composition of the material, i. e. whether it consists 
mainly of urologic cases. An over-representation may be assumed in urologic cases be
cause pathologic conditions such as stone and hydronephrosis are more common in renal 
ectopia. 

Caudal ectopia is often combined with malrotation (Fig. 63). 
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Pelvic ectopy is of obstetric importance because it may complicate delivery. As a 
rule, a pelvic ectopic kidney is pushed out of the pelvis during delivery, but if the existence 
of the anomaly is known, delivery by caesarean section may be considered (ANDERSON 
et al., 1951). 

Ectopia may also be cranial (SPILLANE and PRATHER, 1949). In this rare type of anomaly 
the kidney is localized more cranially than normally and may have reached the level of, 
or passed through, the diaphragm into the thorax and be discovered on roentgen examina
tion ofthe chest. Its passage through the diaphragm is due to migration through the foetal 
hiatus pleuroperitonealis, which does not close but persists as a diaphragmatic defect, the so
called foramen of Bochdalek. In fact, in recent years such cases of ectopia have been dis
covered in association with mass chest radiography, particularly when the examination 
included lateral views, in which the kidney is seen as a mass in the posterior part of one 
of the sinuses. Unless this possibility is borne in mind, cranial ectopia may be mistaken 
for diaphragmatic tumor (Fig. 65). Cranial ectopia occurs on occasion in association 
with eventration of the diaphragm (BULGRIN and HOLMES, 1955). 

Medial dystopia is usually called crossed dystopia. Both kidneys then lie on the same side 
(Fig. 64). The ureteric orifice is usually not ectopic, the ureter passing across the spine. 
The displaced kidney may be fused with or separated from the fellow kidney or the ectopic 
kidney may be the only kidney, the fellow kidney being hypo- or aplastic. The ectopic 
kidney, however, is often small and usually situated adjacent to the lower pole ofthe nor
mally situated kidney. In only 7% of the cases is it adjacent to the upper pole (DAVIDSON, 
1938). The kidney is also usually malrotated. According to 0DEGAARD (1946) it is more 
common in males than in females and the left kidney is more frequently ectopic than the 
right. 

True crossed dystopia, i. e. the right kidney on the left side and the left kidney on 
the right, has been described by HARRIS (1939) under the name of double crossed ureters. 
He also reported that one of the ureters of a dou ble kidney can cross the midline. The lower por
tion of a double kidney may thus be crossed. A kidney is then present also on the other side. 

In this connection it might also be mentioned that the kidney may be located in a 
true lumbar hernia. This is a very rare type of hernia, and such a hernia containing a 
kidney is, of course, a great rarity (KRETSCHMER, 1951). 

v. Fusion 

Fusion here means that both kidneys are united. The commonest type is the horse
shoe kidney, in which the two lower poles are united, while the upper poles are separate. 
On occasion, though rarely, the upper poles of the kidneys may be united and the lower 
poles separate. 

In plain roentgenograms of a horse-shoe kidney, kidneys with the caudal poles are 
seen to be directed towards the spine. 

The longitudinal axes of the kidneys run parallel to that of the body, or converge 
caudally. The kidneys are often situated lower than usual and always rotate with their 
medial parts anteriorly. One can often see the outline of one kidney merge with that of 
the other. In such cases the kidneys are united by a bridge of parenchyma. On occasion, 
however, one or both renal poles are well outlined on either side of the spine, while their 
position and shape is otherwise characteristic of horse-shoe kidney. In such cases it may 
be assumed that the two kidneys are united only by a band of connective tissue. The 
anatomy of the renal parenchyma of a horse-shoe kidney can be studied best in the 
renal nephrogram. If the kidneys are united by a parenchymal bridge, it will show up 
distinctly in the nephrogram, while if the kidneys are joined only by a connective tissue
bridge, they will appear as separate formations in the nephrogram. At urography 
calyces on either side will be found to be directed medially and the renal pelvis to bend 
towards the midline (Figs. 66, 67). The course of the ureters varies with the sever 
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Fig. 66. Fusion. Urography: horse-shoe kidneys of different types 
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Fig. 67. Fusion. Urography: complex horse-shoe kidney with three kidney pelves 

Fig. 68. Complete fusion of both kidneys to a conglomerate kidney with a common cranial pole. The conglo
merate kidney is situated in the lumbo sacral region 

ity of malrotation and deformation. The ureters extend from a lateral origin as a rule, 
and swing in a fairly sharp bend towards one another. 

The degree of anomaly of a horse-shoe kidney varies widely from case to case. It 
may be slight, when two kidneys of almost ordinary shape but malrotated may be seen; 
or it may be severe: one kidney may be small, for example, and the other may be situated 
on the contralateral side with the course of the ureter resembling that in crossed ectopia 
(PETROVCIC and MILIC, 1956). 

These last-mentioned, less charateristic types of horse-shoe kidney are transitional 
forms to severe types in which deformed kidneys are fused in various different ways. 
These types of malformations are referred to as lump kidney or cake kidney. Such fusion 
occurs in caudally ectopic kidneys particularly; therefore pelvic, fused kidneys are not 
very rare (Fig. 68). Such kidneys are markedly lobulated. It has been claimed (GLENN, 1958) 
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that the calyceal configuration is abnormal (which is pro bably to be understood as hypoplasia) 
and that histologic examinations will reveal immature glomeruli, inter alia. Taken together 
these anomalies are purported to show that the development of the kidney has been ar
rested at approximately the ten-millimeter stage of embryonic development. 

The pathologic conditions seen in horse-shoe kidney vary with the severity oftheanom
aly. Dilatation of the renal pelvis, often seen in horse-shoe kidneys, may thus vary 
widely from case to case. The obstructed drainage may result in stone formation and in
fection. Pelvic-fused, kidney, like pelvic-ectopic kidney, may be of obstetric importance. 
The reader is referred to a compilation of 94 cases of pregnant women with pelvic kidney 
by ANDERSON et al. (1951). 

According to BOATMAN et al. (1972) about 1/3 of patients with horseshoe kidney have 
associated congenital malformations, for example serious cardio-vascular and central 
nervous system anomalies. 

In identical twins marked anomalies of the kidneys are usually identical. However, 
the literature contains sporadic reports of discordant abnormalities. LEITER (1972) gives 
a survey of the literature with presentation of one case where in a pair of identical twins 
one had normally paired kidneys, the other a horseshoe kidney. 

VI. Vascular changes in renal anomalies 

As mentioned in the introduction, vascular anomalies are common and important 
in association with other anomalies of the urinary tract. The more widely renal angio
graphy is used, the greater will our knowledge become of associated vascular anomalies 
(OLLE OLSSON and WHOLEY, 1964), The frequency of vascular anomalies in connection 
with some of the severe anomalies described above is so high that they appear to be a 
regular accompaniment of all types of maldevelopment of the kidneys. Vascular anomalies 
appear to be the rule in malrotated kidneys. They usually consist of multiple renal arteries 
or of branches of a single renal artery with an anomalous course. The artery need not enter 
the kidney via the hilum; wide branches may instead pass directly into the renal parenchyma 
through the capsule from the side opposite the hilum. Both arterial and venous branches 
may embrace large or small parts of the kidney like tongs. 

The branches then run along the dorsal and ventral surface toward the hilum. They 
may enter the hilum or they may pierce the renal capsule and pass directly into the paren
chyma. The vessels may then lie so close to the renal parenchyma as to form ridges in it. 
We have seen a case in our department in which such a vascular tong pressed the kidney 
so as to cause stasis in the upper part of that organ, causing pain (OLLE OLSSON and 
JONSSON, 1962). 

Horse-shoe kidneys almost always have multiple arteries, often a large number of 
these arising from the aorta and/or iliac arteries. This may cause hydronephrosis. Ectopic 
kidneys often have anomalous arteries, usually branching from an abnormally low seg
ment. According to the anatomic literature, in cranial ectopia the artery extends from a 
high aortic segment. 

In less severe anomalies such as calcyceal anomalies and hypoplasia, vascular anomalies 
are less common. 

Multiple renal arteries 

Multiple renal arteries represent the most common vascular abnormality. The pat
tern of the renal vasculature in the kidney supplied by a single renal artery may vary 
widely, as mentioned above. The range of variation in the renal blood supply is widened 
still more by the numerous anomalies. In this respect multiple arteries are of significance. 

Vessels deviating from the natural number are referred to in the literature by ety
mologically different names such as aberrant, accessory, abnormal, or supernumerary. 
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The nomenclature is all the more bewildering because some authors use one and the same 
name for different anomalies, while others use different names for the same thing. The 
nomenclature is misleading also in that it suggests the existence of an extra arterial supply 
to the kidney. There is no such extra supply, however. Like other arteries, multiple arteries 
are end-arteries. They often supply a large portion of the renal parenchyma, as a rule be
tween 20 % and 50 % (McDoNALD and KENNELLY, 1959). The vessels should therefore be 
referred to preferably as multiple or supplementary vessels. 

Supernumerary renal arteries may have varying origins. In pelvic dystopy the renal 
artery may arise from the inferior mesenteric artery or the hypergastric artery or the 
middle sacral artery. Cases have been described in which a right accessory upper polar 
artery originated from the celiac artery and where supernumerary polar arteries to both 
kidneys had a common origin at the lower part of the lumbar aorta. The different types 
of unusual origin of renal arteries are reviewed with well motivated critical acumen by 
JEFFERY (1972). 

a) Anatomic investigations 

The frequency of multiple arteries is given as 20 %-25 % in the anatomic literature. 
In a series of 2,562 kidneys Hou-JENsEN (1930) found multiple arteries in 22.4%. As a 
rule supplementary arteries arise near the origin of the main renal artery but sometimes 
a fair distance from it, if it stems from the iliac artery, for example. HELLSTROM (1928) 
found the longest distance to be 70 mm, while SELDOWITSCH (1909) found a vessel to 
originate 105 mm distal to the other arteries. Multiple arteries may course separately or 
together with a main artery into the renal hilum or directly into the parenchyma, depend
ing on the distance of their origin from the renal artery (GRAVES, 1956). 

In the anatomic literature opinions differ widely on the regions supplied by multiple 
arteries. A thorough investigation by GRAVES (1954, 1956) showed that the vessels are 
normal segmental arteries but arise extrarenally instead ofintrarenally. He found multiple 
arteries coursing to the lower pole to be more common than others and related this to 
the fact that in 63 % of these cases the lower polar artery was given off as the first branch 
of the renal artery when the latter was single (see below). 

b) A ngiographic studies 

EDSMAN (1957) found multiple arteries in 21% of 1,240 kidneys. After exclusion 
of hydronephrotic kidneys the frequency was 20%. Our material (BOIJSEN, 1959) consisted 
of 638 kidneys, of which 152 (23.8%) had multiple arteries. After exclusion of hydrone
phrotic kidneys (64), multiple arteries were found in 20.6%. 

Multiple arteries are not seen quite so frequently in angiographic studies as in autopsy 
series. According to BOIJSEN this can be explained by the fact that fine arteries coursing 
to the two cranial pyramids and supplying at most one renculus do not always show up 
in the film because they are too thin. The possibility of the existence of fine vessels not 
demonstrable in the angiogram should be borne in mind in contemplated partial nephrec
tomy. 

Multiple arteries are of smaller caliber than the main renal artery as a rule, but not 
always (Fig. 69). 

c) Level of origin 

Of 101 kidneys in our material in which the level of origin of the supplementary arteries 
could be judged, 50 originated at a distance of up to 19 mm from the renal artery, of which 
7 arose cranially thereto. Nineteen arose 20-39 mm, ten 40 to 50 mm and four 60-70 mm 
from the renal artery. Thus the frequency of multiple arteries decreased with increasing 
distance from the main artery. After a distance of 80 mm, however, the frequency again 
began to increase and as many as 18 kidneys were in that group (BOIJSEN). 
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c d 

Fig. 69. Angiography in multiple renal arteries: three arteries to left kidney. a, b, and c. Each of the three 
arteries is catheterized selectively. d) Arteriographic phase: aortic injection demonstrating the three arteries to 

the kidney 
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The distribution of supplementary arteries in our material is: 
to the upper pole 14 %; 
to the middle ventral segment 5.5 %; 
to the middle dorsal segment 14 %; 
to the lower pole segment 72.5 %. 

It is clear from the figures that some kidneys were supplied by more than two renal 
arteries. Supplementary arteries coursing to the lower pole were most common. Of 134 
kidneys with only one supplementary artery, the latter supplied pyramids in the pars 
inferior in as many as 95 (71 %). 

GRAVES, as mentioned, ascribed the high frequency of supplementary arteries to the 
lower pole to the fact that in 63% of his cases it was the first artery to leave the renal 
artery when the latter was single. This assumption could not be confirmed in our material. 
The reason for the high frequency of arteries to the lower pole may be instead, that all 
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Fig. 70. Variations in distance between origin of supplementary artery to caudal pole and main artery in well 
rotated and malrotated kidneys with multiple arteries. L. O. Level of origin of the main artery. + and -
denote origin of the supplementary artery cranially and caudally respectively to the main artery. (After BOIJSEN) 

supplementary arteries near the main artery represent persisting mesonephric arteries. 
These vessels degenerate in craniocaudal direction so that the vessels situated most 
caudally are obliterated last and are therefore most likely to persist in adults (BOIJSEN, 

1959). 
At selective angiography special attention must be given to the possibility of multiple 

renal arteries. This can always be checked by examination ofthe pattern ofthe vessels in the 
arteriogram and by examination of the nephrogram for any defects. This is achieved best 
by examination of the kidney in more than one projection. Should multiple arteries be 
demonstrated or suspected, aortic renal angiography should be performed (see, for ex
ample, Fig. 60). The distance between the origin of a supplementary artery and the main 
renal artery can vary to a great extent. This may be important in the role of such an 
artery as the cause of hydronephrosis. The variations have been studied by BOIJSEN 

(1959) (see Fig. 70). 
If the catheter for selective angiography is passed into a small supplementary artery 

and the entire dose of contrast medium deposited there, it will result in high concentration 
of the medium in a small portion of the kidney (LJUNGGREN and EDSMAN, 1955) with a 
pathologic nephrogram as a consequence. 
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If the tip of the catheter lies in the main renal artery but a supplementary artery is 
present, branches to a portion of the kidney will be missing in the arteriogram. The ab
sence of such a filling is more obvious in the nephrogram, however. The region supplied 
by the supplementary artery not filled with contrast medium will then appear as a defect 
in the nephogram and will be diffusely outlined against the remainder of the renal paren
chyma. Unless the possibility of a supplementary artery is borne in mind, this may result 
in an erroneous diagnosis. If the artery is very narrow, the region it supplies may be so 
small as not to show up in the nephrogram. Such fine supplementary arteries occasionally 
course to the upper pole and escape detection in the arteriogram and nephrogram, as 
previously mentioned. The clinical importance of supplementary arteries is discussed in 
Chapter K., 1. 3. 

VII. Renal angiography in anomalies 

Renal angiography is often helpful in the investigation of renal and urinary tract 
anomalies. Fusion, double kidneys and malrotations of different types may occasionally 
offer differential diagnostic difficulties and in plain roentgenography, urography or pyelo
graphy may be suspected of representing tumor, for example. Renal angiography helps 
to solve the differential diagnostic problem. In hypoplasia, particularly if local, as well as 
in other types of parenchymal malformations, renal angiography may be useful in deter
mining more exactly the amount of functioning renal parenchyma and its distribution. 
Angiography may be valuable for differentiation between aplasia and ectopia. 

In cases of contemplated operation for malformation, knowledge of the frequently 
bizarre vasculature is important. As already pointed out, multiple arteries arising at 
different levels from the aorta and/or iliac arteries are common in renal malformations and 
increase in frequency with the complexity of the malformation. Horse-shoe kidney may 
consist of two separate kidneys united only by a narrow neck of connective tissue or 
may be a true conglomerate kidney. Any doubt in this respect can be cleared up by renal 
angiography, particularly the nephrogram, and at the same time the amount of renal paren
chyma in different parts of a conglomerate kidney can be demonstrated. This is important 
in cases of contemplated operation for stone or hydronephrosis in part of such a kidney. 

A case with an aberrant branch from the left renal artery supplying part of the 
right kidney in a patient with no connecting parenchyma between the two kidneys is 
described by LIBSHILTZ et al. (1972). 

As mentioned in the chapter on vascular anomalies, malformations are sometimes 
dominated by the bizarre appearance of vessels, which makes angiography a rational 
method in the investigation of many anomalies. Clinically important changes, often com
bined with multiple vessels, as in hydronephrosis, require angiography. 

To summarize, it may be concluded that anomalies are common in the calyces, renal 
pelvis, and ureter, and that grave anomalies such as ectopia, fusion, malrotation, hypo
plasia are not uncommon. These anomalies are due to disturbances in embryo-dynamics 
and therefore often appear in combination. The earlier such disturbances occur in foetal 
life the more complex the anomalies will be. Anomalies of this type are often closely 
connected to the development of the vasculature. Renal angiography is therefore an 
important method in the investigation of anomalies. 

It cannot be stressed enough that anomalies of the urinary tract are often multiple. 
It has even been questioned by FELToN (1959) whether it might not be wise to consider 
urography indicated in all cases of such readily demonstrable anomalies as cryptorchism 
and hypospadia. Of 61 patients with undescended testes urography showed unsuspected 
significant anomalies of the upper urinary tract in 13.5%, and in 9% of 45 patients with 
hypospadia. 

It may finally be stressed that grave anomalies of the urinary tract are often seen in 
association with anomalies in other parts of the organism. 
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VIII. Ureteric anomalies 

Ureteric anomalies have been described under the heading of blind ureter, and a 
deviating course of the ureter in association with renal anomalies has also been described 
in connection with fusion, ectopia and malrotation of the kidneys. 

1. Retro-caval ureter 

Another unusual but often characteristic and important deviation from the ordinary 
course is that shown by the ante-ureteric inferior caval vein, usually known as retro-caval, 
post-caval or circum-caval ureter. As indicated by the name, the right ureter passes behind 
or round the inferior caval vein from a position lateral and ventral to the vein to a point 
medial to it. Several variants of the course of the ureter in relation to anomalous veins 
can be seen. It should be observed that this abnormal course of the ureter is secondary 
to a venous anomaly, which is indicated by the correct name given above. Left-sided 
retrocaval ureter has been seen in connection with situs inversus (BROOKS, 1962). 

On occasion the distal portion of the right ureter contacts the inferior caval vein but 
is not displaced by it. In the anomaly under discussion the ureter is situated roughly at 
the level between its upper and middle third behind the vein, and is compressed between 
the latter and the posterior abdominal wall and aorta, respectively. In such cases the 
ureter will be bent medially and displaced backwards and its cranial segment and the 
renal pelvis will be dilated. The impression caused by the vein may be considerable. The 
medially bent portion of the ureter may cross the midline and the distal two-thirds may 
run relatively close to the midline. 

The embryonic development of the caval vein is briefly as follows: The vein 
arises from a venous system originally consisting of three different venous trunks on 
either side of the midline and anastomosing richly with one another. Their arrangement 
in medio-Iateral and dorso-ventral direction and their transverse anastomoses give them 
the shape of a tunnel through which the kidney passes during its ascent. The post
cardinal vein runs anteriorly and laterally to the ureter. During embryonic life that seg
ment of the vein caudal to the kidney atrophies and the inferior caval vein develops 
from the right and left supra-cardinal veins. The ureter thus lies lateral to the vein. How
ever, in some cases the caval vein is formed from the post-cardinal vein instead, in which 
case the ureter lies behind the caval vein and it will follow medially the anterior aspect 
of the vein. Thus the anomalous course of the ureter is caused by a persisting post-cardinal 
vein forming the inferior caval vein. The anomaly can vary widely with double caval 
vein in which, for example, the post-cardinal and supra-cardinal veins both persist and 
each forms its own caval vein. In one case retro-caval position of the ureter has been 
found to be bilateral in association with grave renal malformation. All cases on record are 
otherwise right-sided. A detailed description has been given by SESBOUE (1952). One 
case of retro-caval ureter and solitary kidney has been described by LAUGHLIN (1954). It 
is pointed out by ARNE NILSSON (1960) that the changes in the size and shape ofthe kidney 
pelvis and ureter caused by this anomaly can be uncharacteristic. Cavography is a rational 
diagnostic method. 

Other common anomalies may cause changes of the same type as retrocaval ureter 
(DREYFUSS, 1959). 

The ovarian vein, if dilated, may cause indentation in one or both ureters (MELNICK 
and BRAMWIT, 1971). Occasionally the indentation, displacement and dilatation of the 
right ureter may resemble changes caused by the retro-caval ureter. 

MEHL (1969) reports a case of a young girl with multiple congenital anomalies includ
ing a ureteral stenosis secondary to iliac artery-iliac vein compression. 
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Fig. 71. a and b Schematic drawings of development of retrocaval ureter in two stages demonstrating venous 
segments partaking in formation of inferior caval vein anteriorly to ureter. 1. from posterior cardinal veins; 
2. from sub cardinal veins (after SESBOUE). c) Retrocaval ureter. Simultaneous pyelography and cavography: 
kidney pelvis and proximal part of ureter markedly dilated; ureter (catheter) swings behind inferior caval vein 

8 Handbuch der med. Radiologie, l3d. XIII/l 
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2. Ureters with ectopic orifice 

An uncommon but important anomaly which frequently offers diagnostic difficulties 
is a ureter with an ectopic orifice, i. e. where the ureter empties extravesically. The possi
bility of the existence of this anomaly must be considered, particularly in the investiga
tion of incontinence and in obscure pyuria. (In male patients incontinence is rare because 
the orifice of the ectopic ureter is located proximally to the external sphincter. The domi
nating symptom in male patients is urinary infection). Such an ectopic orifice may 
belong to the only ureter on one side, or, in cases of double ureter on one side, to one of 
the two or to both ureters. It is most commonly one of the ureters from a double kidney, 
the ureter draining the upper renal pelvis, that empties ectopically (see section on double 
kidney pelvis, above). In males the ectopic orifice is situated in the urethra or genital 
organs, in females in the vagina, urethra or vulva. Since the orifice is narrow, the flow of urine 
from the kidney or that part of the kidney drained by the ureter with an ectopic orifice 
often is impaired. Dilatation and functional disturbances may occur (see Chapter K). 
The corresponding kidney or part of the kidney is often more or less hypoplastic. 

Ureters with an ectopic orifice can be readily diagnosed by retrograde pyelography if 
the orifice can be observed. The ureter is then usually dilated and the corresponding 
renal pelvis is seen as a small sac. The distal part of the ureter may be severely distended 
and resemble a dilated blind ureter. At urography delayed excretion will occasionally 
be found, with poor concentration in the affected part of the renal pelvis. In double kidney, 
excretion can be seen from that half that is drained by an ordinary ureter, in which case 
existence of a second dilated renal pelvis can be concluded or suspected. (A source of error 
in the diagnosis of suspected ectopic orifice of a ureter by urography is the so-called ureter 
jet. The stream of contrast medium from the jet should not be mistaken for an extension 
of a ureter). In male patients the ectopic ureter may have its orifice in the seminal vesicle, 
in which case it is possible through vesiculography to fill the ureter. (GOLDSTEIN and 
HELLER, 1956, for example). When the ectopic ureter has its orifice in the urethra, a 
filling can be obtained at urethrocystography. The parenchyma can be studied more 
closely by renal angiography (see Chapter K). A retrograde filling can be obtained via the 
ductus deferens and possibly via the seminal vesicles by catheterization of the orifice 
of a ductus ejaculatorius in colliculus seminalis in association with urethroscopy and 
contrast injection (ENGEL, 1948). A corresponding filling can be obtained by vesiculography 
(MEISEL, 1952). HAMILTON and PEYTON (1950) and PASQUIER and WOMAOK (1953) described 
a case in which a cystic formation protruding into the urinary bladder was punctured 
in association with cystoscopy and in which contrast medium was injected. The cystic 
formation proved to consist of a dilated ureter and likewise dilated seminal vesicles, 
into which the ureter emptied. 

The occurrence of an ectopic ureteric orifice can casily be explained from an embryo
logic point of view on the basis ofthe close relationship between the Wolffian duct and the 
urogenital sinus. The ureter arises as a bud from the W olffian duct, from which the poste
rior urethra, seminal vesicles, ejaculatory ducts and vas deferens develop in males. In 
females Gartner's duct, when present, is a rudiment of the Wolffian duct, which also gives 
rise to the urethra and vestibulum vaginae. The Wolffian duct is intimately related with 
the urogenital sinus from which the major part of the proximal urethra is formed in males, 
and the vestibulum vaginae in females. More difficult to explain are those rare cases in 
which an ectopic ureteric orifice is seen within the uterus and in the rectum. 

An ectopic ureteric orifice is sometimes seen in association with complex malfor
mations. 

3. Ureteric valve 

A few cases of valve in the ureter have been described. The valve may have the form 
of an iris, with a central opening, and be unilateral or bilateral (WALL and W AOHTER, 
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1952). It can be situated at any level of the ureter, also at the ureterovesical junction 
(FOROGHI and TURNER, 1959). 

E. Nephro- and Ureterolithiasis 

Stone in the upper urinary tract is a common disease. Often, however, it is not a 
disease sui generis but, rather, a sign of some other disease or a result of some other patho
logic process. It can be not only an independent clinical entity but also a complication 
in other diseases. The occurrence of urinary calculi in association with infection, malfor
mations, long bed rest, metabolic disorders, certain genetic characteristics, etc., makes 
the diagnosis of nephro- and ureterolithiasis richly faceted. Acute attacks of renal colic 
add to the diagnosis a dramatic touch; they spotlight fundamental aspects of the patho
physiology of the urinary tract and, in addition, present important differential-diagnostic 
problems. 

Lithiasis is of great practical importance from a urologic point of view as it is a com
mon cause of renal damage. This is clearly stressed by the fact that about one third of 
all nephrectomies are necessary because of stone (DODSON, 1956). The importance of a 
refined method of roentgen examination including evaluation of renal function is obvious 
if the disease is to be diagnosed with reliable detailed information on various relevant 
aspects in order to permit timely institution of adequate conservative therapy and avoid 
nephrectomy. 

I. Chemical composition of stones 

Demonstration of stones in the upper urinary tract in plain radiography depends on 
their chemical composition, i. e. on their content of radiopaque material. Most stones 
contain calcium and can therefore be demonstrated in plain roentgenograms. 

Table 3. Components identified in urinary calculi by x-ray diffraction and their frequency of occurrence. (After 
LAGERGREN) 

Percentage frequency of occurrence 
Chemical name Chemical formula Mineralogical Kidneyureter Bladder Total 

name (460 cases) (140 cases) (600 cases) 

1. Calcium oxalate mo-
nohydrate CaC20 4 . H 2O Whewellite 52.4 26.4 46.3 

2. Calcium oxalate di-
hydrate CaC20 4 . 2 H 2O Weddellite 52.0 24.3 45.5 

3. Calcium hydrogen 
phosphate dihydrate 
(CHPD) CaHP04 ·2 H 2O Brushite 2.6 6.4 3.5 

4. Tricalcium phosphate 
(TCP) Ca3(PO')2 Whitlockite 1.3 1.5 1.3 

5. Basic calcium phos-
phate, "apatite" Ca10(PO 4)6(OH)2 Hydroxyapatite 75.8 68.0 74.0 

6. Magnesium ammo-
nium phosphate hexa-
hydrate (MAPH), 
"triple phosphate" MgNH4PO •. 6 H 2O Struvite 30.2 45.0 33.7 

7. Calcium sulfate di-
hydrate CaSO.· 2 H 2O Gypsum 0.7 0.2 

8. Uric acid C5H 4N.03 3.9 24.3 8.7 
9. Ammonium hydrogen 

urate NH4C5H3N403 0.2 10.0 2 ' .0 

10. Sodium hydrogen urate 
monohydrate NaC 5H 3N 40 3 . H 2O 0.7 0.2 

11. Cystine [SCH2CH(NH2) -COOHJ2 l.l 1.4 1.2 

S* 
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The composition of the stones has been described by many authors. Most data avail
able are based on chemical examination, however. Since practically all urinary calculi 
are crystalline, they should preferably be analysed by means of physical methods used 
in the study of minerals, particularly X-ray diffraction. TOVBORG JENSEN & THYGESEN 
(1938) used this method in their analysis of stones from III patients. The largest material 
studied by the method is that described by PRIEN & FRONDEL (1947). Their series consisted 
of 1,000 cases, afterwards increased to 6,000. In a report by PRIEN in 1963 the material 
is 25,000. The crystalline components of urinary calculi are: calcium oxalate monohydrate, 
calcium oxalate dihydrate, magnesium ammonium phosphate hexahydrate, carbonate
apatite and hydroxyl-apatite, calcium hydrogen phosphate dihydrate, uric acid, cystine 
and sodium acid urate. 

Pure calcium oxalate calculi represented 36.1 per cent of the total; mixed calcium 
oxalate-apatite calculi comprised 31.0 per cent; together they composed 67.1 per cent of 
the total. These calculi usually occurred in acid, sterile urine. 

Pure magnesium ammonium phosphate hexahydrate, pure apatite and mixed magne
sium ammonium phosphate hexahydrate-apatite calculi represented 19.5 per cent of 
the total. These calculi usually occurred in alcaline, infected urine. 

Calcium hydrogen phosphate dihydrate occurred in 1.6 per cent of calculi. Uric acid 
and cystine existed more frequently in pure than mixed form and occurred in 6.1 per cent 
and 3.8 per cent of the series, respectively. 

Sodium acid urate occurred but once in the series and then only in microscopic 
amount. It was the only urate found. 

PRIEN (1955) summarized: There are apparently only three important crystalline 
substances in calcium-containing calculi. They are calcium oxalate monohydrate, calcium 
phosphate (or apatite as it has been called) and magnesium ammonium phosphate. In 
addition, uric acid and cystine are of clinical importance. 

LAGERGREN (1956) published 600 cases examined by x-ray crystallography, micro
radiography and x-ray micro-diffraction. His figures agree well with those given above 
(see Table 3). The survey shows the existence of 11 distinct crystalline substances occurring 
either in pure or in mixed form. It is clear from the table that 460 of the stones were renal 
or ureteric calculi and 140 were calculi of the urinary bladder. The percentage distribution 
of the components present in calculi of the kidney and ureter differed significantly from 
that of the calculi recovered from the urinary bladder. Uric acid stones, for example, were 
much more common in the urinary bladder than in the kidney or ureter. 

The most common component of the calculi was apatite, but only 3.9% of the samples 
were made of pure apatite. In all cases but one, multiple concrements from the same 
individual were of identical compositition. 

In order to obtain accurate information on stone composition in a short time and by 
use of a simple method, GIAN-CRINSEI (1961) has used infrared spectroscopy for analysis. 
He considers this to be the ideal method for studying the composition, which is funda
mental to an understanding of the etiology of stone formation and essential to the treat
ment and prevention of stone. Stones usually contain the same components in the nucleus 
and outer layers, but occasionally the components vary. BOYCE et al. (1958) in a micro
radiographic comparison of crystalline structure by microscopic and histo-chemical stu
dies, found that the organic matrix is a prerequisite to concrement formation and that 
crystal deposition is a secondary phenomenon. Size, shape, lamination, and radial stria
tions are determined primarily by the mucoprotein matrix. 

Analysis of urinary calculi may be of importance from a therapeutic point of view. 
It may give information as to specific causes of formation of certain types of stone and 
be a guide in preventing further formation (WINER, 1959). When the etiology of stone is 
unknown, "the chemical composition indicates the type of isohydruria which permits 
each particular crystalloid to be precipitated with its associated matrix. Isohydruria may 
be changed by proper utilization of drug and dietary means". 
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II. Age, sex, and side involved 

On perusal of the records at our department, renal and ureteric calculi were found to 
be twice as common in males as in females. In males the disease was found to be most 
common between the ages of 40 and 50, in females between the ages of 20 and 30. 
However, the disease was roughly equally prevalent in all age groups except in the 0-10 
year group, in which it had by far the lowest occurrence. Stone in the upper urinary tract 
is fairly uncommon in childhood, except in association with bed rest because of fracture. 
However, the possibility of calculi should always be considered in children with diffuse 
abdominal pain. 

The frequencies given for urinary calculi in children are usually high but vary widely. 
The explanation may be that bladder stones are extremely common in tropical regions, 
particularly in boys. 

Of 900 patients in our material, approximately 800 had stone on one side only and 
100 on both. The unilateral cases occurred equally often on either side. The concrements 
were much more frequently situated in the caudal calyces and the confluence of the 
renal pelvis than in the middle and cranial calyces. The combination of stone in the kidney 
pelvis and stone in the ureter should always be kept in mind. 

III. Size and shape of stones 

Calculi vary widely in both size and shape; they range from minute stones hardly 
possible to detect, to large stones with branches filling the entire renal pelvis and additional 
cavities caused by parenchymal destruction in communication with the renal pelvis. 

a b 

Fig. 72. Staghorn calculus with multiple fragments. In b) one fragment has changed position and plugs pelviure
teric junction. (Patient examined because of pain) 

Solitary stones are about 3 times as common as multiple stones. It is, however, some
times difficult to decide whether a stone is solitary or not. Determination of the number of 
stones or their shape, requires films taken in different projections. 

The kidneys may contain very small calculi in a papilla or one stone moulded 
to a calyx or a calyx with its stem. The cast may fill the entire renal pelvis or one 
of its branches. In such cases the shape of the stones will usually show that the calyces 
are more or less severely dilated. These calyx-shaped stones occasionally have amorphous 
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calcareous extensions reaching the surface of the kidney and thereby demonstrating severe 
dilatation of calyces or primary tissue destruction with calcareous deposits. These milk 
of calcium renal stones consist of an amorphous mass of calcareous sand and are usually 
situated in a hydro calyx or a pyelogenic cyst. The shape of the deposit usually changes 
with the posture of the patient. The phenomenon is analogous to limy bile in the gall
bladder. Small calculi may be seen lateral to a large stone, which calculi shift position 

:Fig. 73 :Fig. 74 

:Fig. 73. Staghorn calculus, Shape of stone shows that calyces are dilated, whereas branches and confluence 
are narrow 

:Fig. 74. Multiple stones in pyonephrosis with peripheral stones in dilated calyces 

within the kidney upon change of posture of the patient. Such stones are situated in a 
hydro calyx or in some other space formed upon the obstruction of drainage by the jack
stone. One or more stones, often fragmented stag-horn stones, are sometimes seen to shift 
within a dilated renal pelvis. 

Concrement often completely fills the confluence and assumes the original anatomic 
shape ofthe latter (Figs. 72-74). Occasionally a well defined break can be seen in the middle 
of a stag-horn calculus or the shape of the stone is modelled not only to the basic anatomy 
of the kidney pelvis but can also be influenced by arterial branches, for example. Stag
horn stones vary widely in shape and site of formation and extent, and any dilatation of 
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the pelvis and calyces. That part of the concrement corresponding to the confluence is 
often slender, while the peripheral parts formed in the dilated calyces and in regions of 
parenchymal destruction are plump. The slender part is a cast of the contracted con
fluence and corresponds to what is said below about the shape of the confluence when it 
harbors a calculus. 

In renal anomalies the site and shape of calculi may indicate the type of anomaly, 
e. g. double kidney (Figs. 75-78), horse-shoe kidney, malrotation. In papillary necrosis, 
shed tissue gathers calcium to form concrements. These stones are often of a characte
ristic papillary shape and thereby betray the nature of the fundamental disease. 

Fig. 75 Fig. 76 

Fig. 75. Staghorn calculus filling caudal kidney pelvis in double kidney 

Fig. 76. Stone in caudal kidney pelvis of double kidney. Stone in caudal calyx widened towards surface of 
caudal pole 

Ooncrements vary in density, but owing to their calcium content they are often slightly 
opaque. The calculi are usually homogeneous, but not always. Occasionally they are irre
gularly vacuolized or they may contain radiating structures. Distinctly laminated calculi 
(Fig. 79) occur not only in the urinary bladder but also in the renal pelvis. In hydro
nephrosis they may even be very large (SAUPE, 1931; KJELLBERG, 1935). 

A group of calculi of waxlike consistency and with a low calcium content should 
also be mentioned here. These concrements are made up of organic material which has 
begun to gather calcium deposits. The organic material may consist of a clot or a detached 
renal papilla. It is occasionally difficult to decide whether or not such formation should be 
classified as calculi (MEADS, 1939). 
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a 

b 

OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

Fig. 77. Caudally fused kidney, so-called horseshoe kidney, with stones. 
(a) Plain roentgenography, b) urography 
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Calculi are capable of changing in size and usually become larger (Figs. 80, 81). The 
increase in size is slow, as a rule, but occasionally a small stone may develop into a large 
stag-horn stone within a month or two. After surgical removal of a large stone, any small 
stones or fragments remaining may sometimes be seen to grow rapidly. 

Stones occasionally decrease in size, however, because small parts separate and pass 
with the urine. Stones may also diminish in size in association with antibiotic therapy for 
infection or because of the use of urinary calculi solvents, for example Renacidin, a com
pound of multivalent organic acids (MULVANI, 1959; WEIS and MALLAMENT, 1962). 

Stones also change in density, which usually increases. This may occur very rapidly 
by the deposition of calcium on organic substance, e. g. a coagulum or a shed papilla. 

Fig. 78. Malrotated kidney. Shape of stone indicates the anomaly 

The concrements may decrease in opacity in association with therapy, particularly anti
biotic therapy. This, too , may occur rapidly. 

Any change in the size, shape or opacity of a concrement may be only apparent and 
due to rotation or shifting of the stone. Rotation of a stone, particularly if it is elongated 
or fiat, can give an erroneous impression of all types of such changes. A supplementary 
film taken at a different angle will reveal if any such change is true or only apparent. 

Ureteric calculi are, as a rule, renal calculi that have been passed down into the 
ureter . They are usually small or relatively small. Roentgenograms taken with the beam 
parallel to the longitudinal axis of the small pelvis and with relatively soft roentgen rays 
will often demonstrate even very small stones in the distal part of the ureter. Bladder 
stones are often faceted or spiculated. It should be observed, however, that stones that 
appear to be spiculated may be smooth; the core may be spiculated but embedded in a 
less opaque, smooth-surfaced mass. Stones more than a few millimeters in diameter 
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b c 

Fig. 79. a) Large laminated stone, b) (another patient) plain roentgenography: five laminated stones in left 
kidney, c) urography: stones are localized in caudal branch and calyces 
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occasionally are less dense centrally, indicating the presence of a lumen or groove per
mitting the passage of urine. At the distal part of the ureter phleboliths are often seen in 
thrombi in pelvic veins. Variations in size and number are great, as are differences between 
the two sides. Phleboliths are usually denser than ureteric stones and they often exhibit 
a characteristic layer formation in their structure. It is occasionally impossible to deter-

a b c 

Fig. 80. Development of stone: from a) to b), seven years; from b) to c), one· half year 

a b c 

Fig. 81. Development of stone in girl patient 5 years of age, confined to bed because of chronic rheumatoid 
disease: from a) to b), two months; from b) to c) seven months 

mine if a calcification is a stone or a phlebolith, or if among many calcifications one may 
be a stone. Urography (or pyelography) can solve this problem (Fig. 82). 

Small stones lodged in the ureter often move freely up and down if the ureter is 
dilated. They may also rotate. This point should be recollected when judging the size of 
a ureteric stone. Oblong stones usually lie longitudinally in the ureter, which is sometimes 
obvious in the lower part of the ureter, which bends medially, sometimes cranially. 

Large stones may be seen to pass into the ureter. As a rule they are lodged high up 
in the ureter, but occasionally may pass fairly low. Ureteric stones are sometimes very 
long and can fracture (BURKLAND, 1953). 
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Stones sometimes form in the ureter, e. g. in a diverticulum or more commonly 
in or above a ureterocele. Such stones may be solitary or multiple. The shape and position 
of the calculi in plain roentgenograms are often sufficient to show that they are situated 
in a ureterocele (Figs. 83, 84). 

a b 

Fig. 82. Stones in distal part of ureter. a) Plain roentgenogram, b) urography 

a b 

Fig. 83. Stone in ureterocele. a) Plain roentgenogram, b) urography 

The roentgenologic appearance of urinary calculi has undoubtedly not received 
the attention it deserves. It is true that the density of a calculus, its shape and sometimes 
its size will permit certain conclusions regarding its chemistry. Thus cystine stones and 
urate stones can often be recognized as such because of their low opacity and smooth 
surface. Opaque, spiculated calculi are often oxalate stones. Large stag-horn calculi 
usually consist of phosphate or carbonate (WILDBOLZ, 1959). However, a more careful 
chemical analysis of the type of stone is probably often possible if clinically necessary. 
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Mention must be made here of stones with a density too low for detection at roentgen 
examination. Usually "non-opacity" of stones is due to incorrect technique at examina
tion, regarding both the preparation of the patient and the performance of the actual 
examination. Occasionally, however, the calcium content of a stone makes it insufficiently 
absorptive of radiation, which makes demonstration impossible. Examination using 
contrast medium is then necessary. 

Fig. 84. Innumerable small stones in dilated cranial pelvis of double kidney and in distal part of dilated ureter. 
Dilatation due to large ureterocele protruding into bladder and demonstrable as filling defect (arrows) in contrast 

urine in bladder 

Occasionally short-swing tomographic cuts can reveal small renal calcifications which 
it is not possible to detect in ordinary plain films (MADSEN, 1972). 

A ureteric stone may have a density corresponding to that of the skeleton. If a stone 
is lodged in that part of the ureter where it passes over the pelvis, it may then not be de
monstrable. Even here contrast examination is useful for diagnosis or for the exclusion 
of stone as the cause of blockage of flow in the ureter. 
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A ureter stone may be very small and flat and thus escape detection because of ro
tation, unless suitable projections are used. 

All of these factors must be kept in mind continuously in diagnosis and in checking 
stones in the kidney and the ureter. 

IV. Stone in association with certain diseases 

Renal calculi are common accompaniments of certain diseases. In some countries the 
most important background for stone formation is pyelonephritis with papillary necrosis. 
Stones of this type often have a very characteristic shape and at urography and angio
graphy changes in the papillae and the rest of the renal parenchyma may be seen. Stones 
in association with papillary necrosis have a marked tendency to increase in size and 
density and to recur after removal. 

A well known cause of stone formation is parathyroid adenoma with ostitis fibrosa 
cystica generalisata, in which bilateral renal calculi are common. Intrarenal calcifications 
and calculi are often seen in patients with sarcoidosis. The serum calcium level is elevated 
in many cases in this disease. The coexistence of peptic ulcer and urinary calculi has been 
discussed (HELLSTROM, 1935). The metabolism of oxalic acid is liable to disturbance in 
gastrointestinal diseases. In reference to the combination of peptic ulcer and urinary 
calculus, mention can here be made of experimental investigations performed for other 
purposes but which showed that oxalate is absorbed in large amounts in the small intestine 
in very acid environments. 

Urinary calculi are common in association with decalcifying tumors such as mye
loma and skeletal carcinomatosis and in chronic osteomyelitis. It should be noted that in 
the destruction of one gram of bone tissue, 100 milligrams of calcium are set free and must 
be excreted through the kidneys (PIERSON, et al., 1954). Urinary calculi are also fairly 
common in renal osteodystrophy. This disease is difficult to distinguish roentgenologically 
from hyperparathyroidism. Hypercalciuria is common in Cushing'S syndrome and 13 % 
of patients with this syndrome have kidney stone (HERKS et al., 1959). 

Vitamin A-deficiency regularly produces renal stones in experimental animals and 
it has been shown that patients with urinary stone may also have latent vitamin A-defi
ciency (EZICKSON and FELDMAN, 1937). The relationship, if any, between vitamin-A
deficiency and concrement formation is still obscure, however. 

In the metabolic disorder known as oxalosis or oxalaemia, occurring mainly in children, 
calcium oxalate is deposited in the renal tubulus, and large concrements sometimes form 
in the renal pelvis. Oxalate can also be deposited in the bones and in the intestinal wall 
(OSTRY, 1951; ZOLLINGER and ROSENMUND, 1952; DUNN, 1955). In this disease the 
oxalate normally excreted in the urine is precipitated and forms calculi. In animal ex
periments chronic oxalic acid-poisoning has been shown to result in a filling of the 
tubules with calcium oxalate crystals (EBSTEIN and NICOLAIER, 1897). As mentioned, 
certain metabolic disorders are sometimes seen in association with cystine and uric acid 
concrements. 

Uric acid calculi, although rare, are produced continually because of the metabolic 
disorder responsible for their formation. In urine of average pH (6 or higher) uric acid is 
present largely as the soluble sodium and potassium urates, whereas in highly acid urine 
the relatively insoluble free acid may predominate and may precipitate from solution. 
ALLYN (1957) described a patient who had passed 2,000 renal calculi, as many as 15 a 
month, for about 25 years. As a rule, calculi of this type cannot be seen in plain roentgeno
grams even of good quality. In leukemia and osteomyelosclerosis such stones are formed 
by rapid destruction of protein-rich tissue. Excretion of uric acid in the urine is increased 
in leukemia and in treatment of the disease with nitrogene mustard-like components, 
the increase in uric acid excretion is marked (MAOCREE, 1955). 
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In cystinuria, a familial intermediary metabolic disorder due to inborn faulty meta· 
bolism, which appears to be more common in males than in females, cystine stones are 
prone to form in the urinary tract. When a cystine stone is found, there is every reason to 
examine close relatives of the patient, because of the familial occurrence of cystine calculi. 
Such stones are capable of growing rapidly but also of responding promptly to adequate 
therapy. If the urinary tract is infected, they may become encrusted with calcium. 

In tuberculosis, sand or seed-like concrements form in the renal pelvis. Such micro
liths may also form in the presence of a tumor, e. g. papilloma, in the renal pelvis. 

In medullary sponge kidney calculi are common and they are often of characteristic 
appearance and location. The more one is familiar with the appearance of concrements in 
papillary necrosis and medullary sponge kidney, for example, the more often these diseases 
can be diagnosed on the basis of the appearance of the calculi. 

Long bed rest is known to favor stone formation, as is apparent from the term 
"recumbency stones". In patients lying on their backs, stones will more often form in the 
cranial calyces, but in patients not confined to bed, stones are more common in the caudal 
calyces. Of 100 patients with fractures of the lumbar spine without neurologic symptoms, 
urinary calculi formed in 10 (CONWELL). Among 800 patients who had been invalids for 
a long time KIMBROUGH and DENSLOW (1949) found 15 with urinary calculi that had 
formed within 74 to 1.200 days and among 1507 patients with injury to the spinal cord, 
COMMAR et al. (1962) found renal stones in 124 (8.2%). On examinations of 1,104 paraplegic 
patients, COMARR (1955) found renal calculosis to be more frequent in patients with lower 
motor neuron lesions and that the incidence of renal calculosis was higher among patients 
with complete neurologic lesions than with incomplete lesions. Urinary calculi are common 
in patients with orthopedic diseases. Of some 300 patients with different types of spon
dylitis, about 3% were found to have lithiasis. The incidence of stones in spondylitis is 
higher in patients with an active inflammatory process such as an abscess, and the inci
dence of stone formation can be reduced in such patients by regular postural changes 
(STAHL, 1942). Finally, mention should be made of stone formation in generalized mal
formations such as Klinefelter's syndrome. 

v. Stones induced by side-effects of therapy 
Vitamin D intoxication can cause nephrolithiasis in childhood because this vitamin 

facilitates absorption of calcium from the intestine. Formation of calculi in association 
with treatment of infections with sulphonamides has been seen as deposits of sand in 
the mucosa of the renal pelvis demonstrable in the roentgenograms as a faint calcification. 
This type of calculi was common when only less soluble sulphonamides were available. 
Now that readily soluble preparations are obtainable, such concrements are only of histo
rical interest. 

Acetasolamide (Diamox) has been used in ophthalmiatrics, because it reduces the 
secretion of the aqueous humor in the eye. It also, however, produces diuresis by a complex 
process, inhibiting the enzyme carbonic anhydrase in the kidney tubuli. The treatment 
of glaucoma with this substance is sometimes accompanied by attacks of renal colic due 
to concrements of low opacity. It is believed that the formation of these concrements is 
due to a decrease in urinary excretion of citrate, which substance aids in maintaining 
calcium in the urine in a soluble complex (PERSKY et al., 1956; MACKENZIE, 1960). 

According to HAMMARSTEN (1958), concrements induced by therapy are seen also in 
conditions with increased precipitation of calcium in the urine, not only vitamin-D 
intoxication, in patients receiving large doses of parathormone or AT 10, and formation 
of uric acid ammonium urate stones can be seen on medication with substances producing 
a strongly acid urine. Mandelic acid is likely to give rise to calcium oxalate concrements 
by being split to glycolic acid, which can be oxidized to oxalic acid. Finally, antacids 
containing silicates can cause silicate calculi (HAMMARSTEN, 1953; HESSEN, 1963). 
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Renal insufficiency together with hypercalcaemia causes the milk-alkali syndrome 
due to excessive ingestion of milk and absorbable alkali usually taken as treatment for 
peptic ulcer (BURNETT et al., 1949, KEATING jr., 1958). 

VI. Formation of stones from a roentgenologic point of view 

Calcifications in the renal pelvis or lower urinary tract are usually called concrements 
to distinguish them from the many varying types of parenchymal calcifications. In the 
discussion of the etiology of calculi, however, calcifications in the renal parenchyma 
lining the renal pelvis are important. In 1937 RANDALL suggested that the source of renal 
calculi should be sought in the fornix calyces or in the papillae. In a careful study of autopsy 
specimens he sometimes observed calcium deposits on the tips of the renal papillae under 
the epithelium and in one case he found such a calcium deposit to have become detached 
and forming a concrement. On examination under a magnifying glass of small stones that had 
been passed by patients with concrements, he found them to have a grooved surface 
corresponding to the attachment to a papilla. ROSENOW (1940) and VERMOOTEN (1941) 
confirmed RANDALL'S findings. 

a b c 

Fig. 85. Stone in papillary necrosis: a) multiple papilla-shaped stones; development of stones from a) to b), 
six months; from b) to c) 11 months 

CARR (1954) made a further contribution to the theory of the formation of renal 
calculi. He claims his observations argue for the assumption that renal calculi form at the 
edge of the calyx when the lymphatic drainage mechanism breaks down because of 
overloading of the mechanism by an excessive number of microliths, such as occurs in 
hyperparathyreoidism and other disorders of calcium excretion, and, possibly absence or 
deficiency of protective colloids etc., and because of impairment of the mechanism of 
lymphatic drainage due to previous inflammatory changes with subsequent fibrosis. 
Small calcifications collected outside the fornix calyces have been identified by x-ray 
diffraction as ordinary types of concrements. CARR'S theory includes some of RANDALL'S 
observations. 

Roentgen examination provides some support for these views by the demonstration 
of very small, often multiple papillary incrustations. Occasionally such incrustations are 
seen by themselves but they can also be seen in association with concrements moving 
freely in the renal pelvis. In this connection, the entity medullary sponge kidney should 
be borne in mind, as well as any type of tubular ectasias and tubular acidosis. 
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a 

b 

Fig. 86. Calcified shed papillae in both kidneys in papillary necrosis. One calcified papilla is stuck in the right 
ureteric orifice (b) 

9 Handbuch der med. Radiologie, Ed. XIIl/l 
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Kidney stones can contain three similar types of nephrocalcinosis: intratubular 
calcified conglomerates of cell debris, structured micro calculi, and interstitial calcifications 
(RANDALL'S plaque). These calcifications represent nuclei on which ions of urine may 
crystallize if urine is supersaturated or otherwise in a state where crystallization is 
possible. Such crystallization is rare in normal humans, however (DRACH and BOYCE, 
1972). 

HAGGITT and PITCOCK (1971) found in an electron microscopic study bodies dense 
with electrons occupying the basement membranes of collecting ducts and the interstitium 

a 

b 

Fig. 87. Formation of stone according to Randall· Carr theory: small stone in fornical angle of calyx 

in every patient. The authors believe that this high frequency of calcifications can help 
explain the formation of stone in persons with morphologically normal urinary tract. 

Since urinary calculi are usually unilateral, stone formation can scarcely be simply 
a matter of general metabolism and the urinary crystalloid-colloid balance (TWINEM, 
1940). Importance must therefore be attached to localizing factors. Such factors have long 
been known, but those which can be demonstrated explain only a small percentage of the 
stones. The anatomy of the calyx is one of these localizing factors. Small calyces with 
small stems may contain stones (Fig. 88), small diverticula-like bulges in the edge of 
the calyx, so-called calyx border evaginations, and pyelogenic cysts (Figs. 89-93) may 
also contain small stones, single or multiple. Such bulges can occur in many calyces, of 
which only a few harbor calculi. In addition, it is known that gross anomalies such as 
horse-shoe kidney, predispose to the formation of calculi, as do urinary obstruction and 
infections. 
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Fig. 88. Stone in narrow-stemmed microcalyx 

Fig 89. Stone in calyceal border evagination 

a b c 

Fig. 90. Stone in pyelogenic cyst. Communication with kidney pelvis not seen. a) Plain roentgenography, 
b) urography, c) following cranial polar nephrectomy 

g* 
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Against the background of the above remarks, renal stones may be classified as 
primary or secondary, the primary being due to some factor outside the urinary tract, 
the secondary to a localizing factor in the urinary tract. 

Recurrence of stone after passage or removal is common. It is favored by the fact 
that the localizing factor or the original disorder may be unknown or inaccessible to 
treatment, or that it has not been observed. 

VII. Plain roentgenography 

As mentioned, most calculi contain radiopaque material and are therefore demon
strable in plain roentgenograms. 

Opinions differ, however, on the possibility of demonstrating cystine stones in this 
way. It is widely believed that calculi are not opaque enough to be demonstrated in plain 
roentgenograms. RENANDER'S investigation (1941) of 15 cases, however, shows that 
these stones can always be seen in good-quality plain films. Photometric examination of 
urinary calculi showed the following roentgen densities in air: for cystine 3.8, uric acid 1.1, 
calcium oxalate 4.9, ammonium magnesium phosphate 5.1, calcium diphosphate 7.6, all 
in relation to water. Without going into the accuracy of the measuring technique, these 
figures show the relative density of these substances. The value in water, i. e. the value 
corresponding to roentgen examination in practice, was 2.7 or 30% lower than for cystine 
in air. For ammonium magnesium phosphate it was 3.2 and for calcium diphosphate 5.7. 

The possibility of demonstrating calculi depends not only on their chemical composition 
but also on their size. It is obviously more difficult to demonstrate a small stone than a 
large one. But with an effective technique often even small calculi will be demonstrated. 
However, if the patient is obese and stocky, some small stones, and even large ones of 
certain chemical composition, are sometimes not demonstrable by the very best technique 
because of low primary absorption and high secondary radiation. In some of these cases 
roentgen examination of the surgically exposed kidney at operation may be important. 

Whether a stone will be demonstrable or not naturally depends on the examination 
technique and preparation of the patient for the examination. As far as the examination 
technique is concerned, it should be observed that the calculus may be projected onto 
bone, e. g. if a ureteric stone is situated in that part of the ureter passing over the pelvis 
(see Fig. 116). If the floor of the pelvis is low, as it often is in multiparae, a stone in the 
lower section of the ureter may be projected onto the the anterior portion of the pelvic 
bone. The different parts of the pelvic ureter can, however, be projected free by changing 
the angulation of the beam. 

Non-opaque stones sometimes rapidly become encrusted with such a thick layer of 
calcium as to be demonstrable in plain roentgenograms. I have seen radiolucent stones 
demonstrated by pyelography become so opaque within 3 weeks as to be readily demons
trable in plain roentgenograms. 

Several authors have assessed the percentage of radiolucent stones. BOEMINGHAUS and 
ZEISS (1935) thus gave 2-5% of so-called roentgen negative calculi, while KNEISE and 
SCHOBER (1941), gave 5-10% as more probable, and WILDBOLZ (1959) 10 %. It is obvious 
that anything like an accurate evaluation is difficult because of differences in the techni
que used by different authors and particularly because it is hardly possible to check the 
reliability of figures given. Suffice it here to say that a certain percentage of stones cannot 
be demonstrated in plain films but that this percentage can be markedly reduced by the 
use of first-class technique. 

1. Differential diagnosis of stone by plain roentgenography 

In view of the wide variety of types of calcification in the renal pelvis, and renal 
parenchyma in the neighbourhood ofthe kidney, and in regions which may be projected 
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a b 

Fig. 91. a) Plain roentgenography: stone in distal part of left ureter; b) urography: pyelogenic cyst in cranial 
part ofleft kidney with size and width of neck corresponding to size and shape of ureteric stone 

a b 

Fig. 92. a) Plain roentgenography; b) urography: large irregular stones in large cyst communicating with kidney 
pelvis 
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onto the kidney, much space could be allotted to the differential diagnosis of stones in 
plain roentgenograms. All of these different factors can be reduced, however, to prime 
factors by a simple examination scheme. On detection of a calcification that is projected 
onto the kidney, the first step is to decide whether the calcification is situated in the kidney 
or outside it. This can be done by taking films at different angles, usually one frontal view 
and one or more oblique views. It is not wise, however, to use two projections at right 
angles to one another, e. g., a frontal and a lateral view as recommended by SGALITZER 
(1936). In lateral views the kidneys are not only superimposed on one another but also 
projected onto the spine. In addition, the patient receives an unnecessarily large radiation 
dose. 

It is, above all, not only unnecessary but also indefensible to use complicated methods 
instead of the very simple and reliable procedure, i. e. oblique views, to solve the problem. 
A handbook of urology of 1959 gives illustrations and description of a case in which in 
addition to plain radiography, pyelography, stereoroentgenography, pyelography with 
gas, and urography were performed to show that some calcifications were situated outside 
the kidney. The question could have been answered properly, easily, cheaply and safely 
by simply extending plain radiography to include an oblique film. 

If the calcification is found to be within the kidney, the next step is to decide whether 
it is situated in the renal parenchyma and thus represents a parenchymal calcification 
or whether it is situated in the renal pelvis and thus represents a stone. This can often be 
decided by the appearance and shape of the calcification. If not, the decision can be made 
by the use of contrast media. Calcifications in the renal parenchyma can then be projected 
outside the contrast-filled renal pelvis. Difficulties are offered only by the above mentioned 
small calcifications situated at the border between the renal parenchyma and the renal 
pelvis. 

Calcifications close to the ureter and resembling ureteric calculi in shape and size 
may be difficult to distinguish from concrements in the ureter. This applies in particular 
to the distal parts of the ureters where the differential diagnosis may be made difficult 
by phleboliths. However, as a rule differentiation offers no difficulties. The phleboliths 
are often of characteristic appearance. They are round, laminated, dense, multiple and 
bilateral. Their size, form, density and number can vary, however, Occasionally their 
position is such as to exclude their being located in the ureter. The ureteric stones are 
oval as a rule and homogeneous, less dense, singular and unilateral. They are oriented in 
the direction of the ureter. If the phleboliths are not numerous, a differential diagnosis is 
easy in most cases. But if they are numerous, the diagnosis of a possible ureteric stone 
among innumerable phleboliths may be difficult and require further investigation with 
contrast medium or insertion of a contrast catheter. The decision then depends on the 
possibility of showing whether or not one of the calcifications is situated within the ureter. 
This can be done by taking films of the contrast filled ureter in different planes. In uro
graphy the urinary stasis may be of diagnostic importance. Calcifications outside the uri
nary pathways may be situated immediately adjacent to the ureter so that considerable 
changes in the angles of projection are necessary to demonstrate with certainty that the 
calcification is situated outside the ureter. 

2. Disappearance of renal and ureteric stones 

Renal and ureteric stones are often passed spontaneously, frequently while the patient 
is under observation including roentgenographic follow-up. If the nurse and/or the patient 
are observant, the passage of the stone is often noticed and the stone can be compared 
with the roentgen findings. In very many cases the stone passes unnoticed or is not pre
sented for examination. When a stone has been demonstrated but is no longer detectable 
on check examination, it does not necessarily mean, however, that the stone has passed. 
Several factors may explain why the stone is not demonstrable in the film: 
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l. The stone may have shifted. A renal calculus may have been passed into the ureter 
or the bladder. On check radiography for renal stone it is, of course, not sufficient to ex
amine the kidneys only, if the stone is no longer demonstrable. Examination must include 
the entire urinary tract. A ureteric concrement may also pass into the bladder or urethra. 
The possibility of the stone having passed into the urethra should be considered, since in 
males the urethra is usually not included in plain roentgenograms of the urinary tract. 

A ureteric stone, on the other hand, may occasionally migrate up the ureter. If the 
ureter is dilated above a concrement, the stone may be dislodged and the stone may be 
displaced up into the renal pelvis, particularly if the patient is confined to bed or if the 
ureter has been catheterized. 

2. A calculus may have shifted and may be projected onto bone, e. g. a ureteric concre
ment lodged in that part of the ureter passing over the pelvic bones. Oareful study of these 
cases will often reveal the concrement, however. Special projections should preferably 
be used to project this part of the ureter free. This is possible by turning the patient 
slightly on the side and using views more or less strongly angulated, craniocaudally and 
caudocranially. 

3. A small calculus may be flat and rotation of the otherwise easily observable calculus 
may make it less observable. 

4. The calculus may have become less opaque. Just as the calcium content of a stone 
may increase rapidly, so may it rapidly diminish during treatment of a urinary tract 
infection, for example. 

5. The calculus may disappear upon suitable medical treatment. This holds for urate 
concrements particularly (SMITH et al., 1959). 

6. The examination technique may be less satisfactory for some reason, or intestinal 
contents may be abundant. 

3. Perforation 

Occasionally a stone may cause decubital lesions in the wall of the renal pelvis, with 
perforation as a result (RENANDER, 1940). A stone in an occluded calyx may also perforate 
the renal parenchyma (OOUNOILL and OOUNOILL, 1950). In such cases stones may be seen 
in uncommon positions or give rise to extravasation of contrast medium at urography or 
pyelography. Such perforations may also lead to perinephritis (see Ohapter L). Perforations 
to the digestive tract or to the skin surface are less common. A broncholithiasis is reported 
by GORDANSON and SARGENT (1970) where a renal stone had passed over into the lung 
through a nephro-bronchial fistula. 

VIII. Roentgen examination in association with operation 

The importance of roentgen examination immediately before, during, and after 
operation is obvious from what has been said above about the size, density, passage, and 
recurrence of stones. It is known that calculi are likely to migrate in the urinary tract. 
Therefore, as a precaution, we always take films of the urinary tract immediately before 
operation. Such films often reveal that the stones which are to be removed have shifted 
within the kidney. We have also observed that a concrement in the ureter previously 
demonstrated on various occasions has found its way up into the renal pelvis or that a 
stone regularly seen high up in the ureter on previous examinations has been passed down 
to the distal part of the ureter, or even into the urinary bladder. Such check radiography 
immediately before operation has often facilitated a better planning of the operation or 
even made operation unnecessary. Occasionally it could be shown that the stone had 
passed unnoticed. 

Roentgen examination during the actual operation is occasionally necessary in order 
to locate stones, to find stones of low density, and to check the result of extraction (see 
Ohapter 0 II, 3 regarding technique). 



136 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

IX. Urography and pyelography 

The purpose of urography and pyelography is first to decide whether calcifications 
demonstrated within the kidney in plain roentgenograms are situated in the renal paren
chyma or in the renal pelvis. If at examination the calcifications are shown to be concre-

a b 

Fig. 93. Staghorn calculus in left kidney pelvis and enlarged, partly collapsed communicating cyst in cranial 
part of kidney. a) Plain roentgenography, b) urography 

Fig. 94. Non-opaque stones. Urography: on left side only thin layer of contrast urine around stone; pelviure
teric junction narrow (phenomenon often seen in presence of large stones in confluence) 
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ments, the next step in the examination is to study the shape of the renal pelvis, the func
tioning capacity of the kidney, the position of the stone in the renal pelvis, and any in
fluence of the stone on the drainage of a single calyx or of the entire renal pelvis. Attention 
must be focused on details, inter alia the anatomy of the calyces. Reflux phenomena 
must be kept in mind (see Chapter I). Pyelonephritis may complicate the stone disease 
and be responsible for marked concomitant impairment of functional capacity and 
changes in the morphology of the kidney and kidney pelvis (see chapter on Pyelonephritis). 
All types of anomalies or renal diseases should be looked for (see discussion above in con
nection with pathogenesis of stone). 

Fig. 95. Urography: double kidney, large non-opaque stone in caudal kidney pelvis distending 
confluence 

To detect concrements appearing as filling defects in the contrast medium, the 
concentration of the medium in the renal pelvis must be suitable. In pyelography this 
can be secured by choosing a suitable concentration and amount of contrast medium to 
be injected. In urography it can be secured by exposing the films at an optimal moment 
in relation to excretion or to release of ureteric compression and by using a suitable kilo
voltage. 

It is often difficult, nevertheless, to detect stones in the contrast-filled renal pelvis, 
even when they have been seen clearly in plain roentgenograms. This stresses the necessity 
of taking plain roentgenograms before starting contrast radiography. It cannot be stressed 
often enough that plain roentgenograms produced and studied on the basis of general 
principles and the specific problems of the patient under examination, are a necessary part 
of the urographic examination. It must also again be stressed that urography should not 
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be performed according to standardized rules but with a technique tailor-made for the 
actual problem confronting the patient and the roentgenologist. 

In the differential diagnosis, thin stones (Figs. 94, 95) must be distinguished from poly
poid tumors of the renal pelvis, gas in the renal pelvis after instrumental intervention 
or due to fistulation between the digestive tract and the urinary pathways, and gas 

a b 

Fig. 96. Excretion of contrast urine. a) Plain radiography, b) urography: slight excretion 

a b 

Fig. 97. Excretion of contrast urine. a) Plain radiography, b) Urography: only thin rim of contrast urine oflow 
concentration around stone 

formation due to fermentation in the renal pelvis. Such stones must occasionally also be 
distinguished from polyp-like parts of a renal carcinoma bulging into the renal pelvis. 

The possibility of filling defects in the urinary pathways, renal pelvis, ureter or blad
der in patients with haematuria which may be due to blood clots must always be borne 
in mind. Check examination will generally indicate if any such filling defect was due to 
stone or to a clot. 
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A gas bubble in the digestive tract can be projected onto the renal pelvis and simulate 
a filling defect caused by a stone. The examiner must make sure of the localization, of 
course, by using proper projections, and must check whether or not any filling defect is 
caused by an actual pathologic process in the renal pelvis. 

a b 

Fig. 98. Excretion of contrast urine. a) Plain radiography, b) urography: fairly good excretion in dilated calyces 

a b 

Fig. 99. Excretion of contrast urine a) Plain radiography, b) Urography: good excretion and no dilatation 
despite large stones 

Even if the renal pelvis is full of large stones, contrast medium may nevertheless be 
excreted during urography. The excretion is usually delayed and of low concentration 
and often discernable only as a brim around the stone or part of its circumference (Figs. 
96-98). Large stones do not necessarily always produce stasis, however (Fig. 99). With 
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optimal filling, irregular indentations and contraction will occasionally be seen in the con
fluence of the renal pelvis, caused by mucosal lesions and shrinkage (Fig. 100-102). The 
possibility of cancer formation in the renal pelvis which may be a complication of stone 
should be borne in mind (see Chapter 0). 

Fig. 100. Stone in confluence and in deformed calyces in caudal pole. Urography: marked narrowing of confluence 
around stone; dilatation of branches and calyces with papillary necroses 

Fig. 101. Stone in confluence. Narrowing around stone and slight peripheral dilatation 

The mucosa of the renal pelvis may be coarse when the pelvis houses stones. Occasion
ally the mucosa has a granulated appearance, so-called pyelitis granularis (Fig. 103). 
These mucosal changes may, at angiography, appear as a marked local hypervascularity 
(Fig. 107). 
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When stones are present in the confluence, the latter may be decreased in volume 
because of contraction and shrinkage. It is a striking fact that the confluence is often nar
row and the calyces wide. This is particularly conspicuous in those cases in which the 
shape of the renal pelvis was known before the formation of stone (Fig. 104). The ureter is 

a b c 

Fig. 102. Stone in confluence with narrowing of latter around stone. a) Plain radiography; b) urography at early 
stage: contrast urine in cranial (lowermost) calyces; c) ureteric compression: stone masked by contrast urine. 

Note coarse mucosa in confluence and cranial part of ureter 

a b c 

Fig. 103. Irregular surface of stone in a) corresponds to granular pyelitis seen in c) after release of ureteric COlll· 

pression 

usually dilated distally to the renal pelvis thus altered, although no obstruction can be 
seen in the ureter. 

Concrements are capable of obstructing the drainage of a single calyx, a major 
portion of the renal pelvis, or of the entire renal pelvis with the formation of a hydro
calyx or hydronephrosis as a consequence (Figs. 105-108). The delay of excretion of 
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a 

Fig. 104. Stone in confluence causes marked narrowing. Urography: a) before and b) after formation of stone 

Fig. 105. Stone in caudal bmnch causing hydrocalicosis 

a b c 
Fig. 106. Stones in caudal branch causing dilatation of caudal half of kidney pelvis. In c) during ureteric com

pression, stones are masked by contrast urine 
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a b 

Fig. 107. a) Plain roentgenography: large stone in confluence; b) angiography, arterial phase: marked hyper
vascularity in region of confluence with hypertrophy and tortuosity of kidney pelvic arteries 

a b c 

Fig. 108. Stone in upper branch causing dilatation of cranial calyces b) and finally complete block. (Two-year 
interval between b) and c). Note displacement of filled cranial calyx by dilated, unfilled part of kidney pelvis 

in c) 
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contrast medium in such blocked parts of a kidney may be temporary or permanent. 
Oddly enough, as mentioned above, even large stones do not always interfere with drainage. 

The kidney is usually changed in size and shape in stone pyonephrosis and there is 
no excretion of contrast medium due to stasis and parenchymal destruction (Fig. 109). 

Ureteric stones may be situated anywhere between the pelviureteric junction down 
to the ureteric orifice in the bladder. Small concrements are usually situated in the distal 
part. Larger concrements are often impacted high up. Large concrements may, however, 
sometimes pass down to the lower third of the ureter. 

a b 

Fig. 109. Stone pyonephrosis. a) Plain roentgenography: multiple stones. Shape of cranial stones indicates pa
pillary necrosis. Remaining cavities are filled with parts of the stone moulded to cranial calyces. b) Pyelography: 

papillary necrosis; detritus in kidney pelvis partly calcified 

The column of contrast urine in the ureter is seen to cease at the level blocked by stone, 
but usually the contrast medium flows more or less easily past the stone. The ureter is 
then often dilated to a varying degree above the stone, while it is of ordinary width 
below. Contrast medium is sometimes seen to flow around even fairly large stones or 
through a groove in the concrement. Therefore, if it is not certain that a calcification really 
is a stone, ureteric compression may sometimes be applied for a time to secure an accumu
lation of contrast urine, which owing to its volume causes a slight stasis above a stone 
on release of compression. If a stone is found in the lower-most part of a ureter, full atten
tion should be given to the possibility of a ureterocele which may be very small and the 
demonstration of which may be haphazard. 

The distal part of the ureter may be widened by the stone itself or by swelling of 
the ureteric wall caused by a stone (which can have passed recently). This causes a broad
ening of the interureteric ridge at the orifice of the ureter (EDLING, 1941). 
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b c 
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Fig. no. Hydronephrosis with laminated stones. a) Urography: no excretion; b) renal angiography, arterial 
phase: arteries thin and stretched; capsular branches stretched along dilated kidney pelvis; c) nephrographic 

phase: atrophy of almost entire kidney parenchyma; d) operation specimen 

10 Handbuch der med. Radiologic, Ed. XIII/l 
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X. Nephrectomy, partial nephrectomy and ureterolithotomy 

Partial or polar nephrectomy is a common operation for renal stone (Fig. llI). As 
mentioned above, calculi are often situated in the caudal pole of the kidney. Concre
ments are also often seen in malformed calyces, in calyceal border evaginations, pyelogenic 

a b c 

a b c 

Fig. Ill. Partial nephrectomy for stone (two patients). a) Plain radiography: Stone in confluence and caudal 
calyces. b) Urography. c) Urography after partial nephrectomy 

cysts, hydrocalicosis, etc. The wide use of partial nephrectomy has increased the importance 
of detecting such localizing factors roentgenologically. 

Angiography is useful for pre-operative investigation of the vasculature, particularly 
in the poles ofthe kidney. It may also be of importance for demonstrating impaired supply 
to the region in which the stone is lodged and for demonstrating, in the nephrogram, 
parenchymal atrophy around the stone due to stasis and/or infection. 
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a b 

Fig. 112. Urography: a) stone on right side at pelviureteric junction, marked dilatation ofright kidney pelvis; 
b) after operative removal of stone, only slight indentation at site of pyelotomy 

a b 

Fig. 113. Ureteric stricture after ureterolithotomy and ureteritis. a) Plain film: large ureteric stone; b) post
operative antegrade pyelography four months after operation: marked strictures and angulation due to 

adhesion 

10' 
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At post-operative check radiography following partial nephrectomy, a diminished but 
well defined kidney will usually be seen. The resected region is usually plump, and the 
kidney is often somewhat rotated, with the long axis in a straight craniocaudal direc
tion. Its outline is sometimes blurred by post-operative fibrosis of the fatty capsule. At 
urography, ordinary excretion of contrast medium can be seen and the amputated region 
of the renal pelvis can be demonstrated, varying in size according to the extent of the 
operation. 

In the event of fistulization, perirenal edema may be seen and the excreted contrast 
medium will fill the fistula or impaired excretion will be seen. 

After ureterolithotomy, the ureter usually rapidly resumes its normal shape and 
width. Occasionally irregularities and slight luminar changes may be seen. Recovery is, 

Fig. 114. Urography: irregularities in upper part of both ureters after bilateral pyelostomy 

as a rule, so complete that after one month no change is demonstrable at the site of the 
operation. Occasionally, however, a marked stricture is seen at the site of intervention 
(Figs. 112-115). Proximal to such a stricture the ureter is dilated. In the event of complica
tions such as large decubitus ulceration in the ureteric wall or infection, large or small 
fistulae may develop. At pyelography or urography, contrast medium may then be seen 
to escape into the periureteric tissue. If the fistula is large, it may break into the intes
tine or out through the skin. In the latter case, fistulography may be performed to de
monstrate the anatomy of the fistula. 

Stones may have been left or new stones may have formed and maintain an infection 
of the ureteric stump after nephrectomy for stone. It is sometimes possible to obtain a 
filling of such a stump by catheterization or by reflux from the urinary bladder. 
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Fig. 115. Urography: adhesion of upper part ofleft ureter to kidney after pyelotomy 

XI. Roentgen examination during renal colic 

Acute renal colic is a dramatic experience for the patient and often gives rise to 
important differential diagnostic problems. The patho-physiology of the attack in its 
different phases can be well demonstrated urographically. 

In acute renal colic, urography is therefore of great diagnostic and differential diag
nostic value, particularly because of the reliability of the results of the examination during 
the acute attack. 

For reasons given below, the examination should be carried out as soon as possible. 
The patient is taken, so to say, straight from the street to the examination table. There 
is no time and generally no need for an enema or purgatives. In addition, diseases of 
differential diagnostic importance such as appendicitis prohibit enema. 

1. Plain radiography 

In such emergency cases the large intestine often contains fecal material and 
meteorism may exist, which is sometimes considerable. If the attack is severe, it will often 
be accompanied by lumbar scoliosis with the concavity facing the side of the attack, and 
the contracted musculature in the flank will be seen to bulge onto the extraperitoneal fat. 

The kidney on the side involved is usually somewhat large and plump due to renal 
stasis. (It has been claimed by FELTER, 1953 that the dilated renal pelvis is capable of 
compressing the veins in the sinus and that the increase in size ofthe kidney is therefore 
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due in part to venous stasis). Because of meteorism it is often not possible to outline the 
kidneys and occasionally a slight perirenal edema adds to these difficulties. 

The stone responsible for the attack is usually demonstrable. It may be situated at 
the pelviureteric junction but is most commonly in the ureter, most frequently in the 
distal part. Occasionally no concrement can be observed because it is too small and/or 
not opaque enough to be demonstrated, or it may be masked by intestinal contents. It 
may also be due to projection of the stone onto bone, if it happens to be situated in that 
part of the ureter crossing the pelvis (Fig. 116). It should also be borne in mind that in 
multiparae the floor of the pelvis is often low. Low ureteric stones may therefore be pro
jected low down and be masked by the anterior portion of the pelvic bone. The stone may 

a b 

Fig. 116. Stone projected onto bone. Plain radiography in two different projections. In b) tube is tilted cranially 
and stone is projected free (arrow) 

also have been passed, but pain persists. Finally, the absence of any demonstrable concre
ments may be due, for example, to the fact that the attack is not caused by a stone but 
by a clot (see below). 

During the examination, a stone may occasionally be seen to shift (see Fig. 118), 
e. g. a. concrement lodged at the pelviureteric junction may be displaced up into the renal 
pelvis and the attack may then cease, or a high stone may be seen to pass on distally, 
or a distal stone to pass into the urinary bladder. 

Severe retroperitoneal edema is occasionally demonstrated, which may blur the entire 
outline of the kidney, or part of it. This is due to urinary reflux with retroperitoneal 
uroplania (see Chapter I). 

2. Urography 

After the plain films have been examined, contrast medium is injected for urography. 
The first film should be taken soon, 1-3 minutes after the injection, other films some 
minutes later. With these films as a guide, the examination may be continued. Ureteric 
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compression is not applied, of course. The main reason for this is that compression influ
ences the examination findings. Compression causes stasis and should therefore not be 
used in the investigation of supposed urinary stasis. Another reason is that the examination 
is often performed in order to decide whether the attack is due to stone or to appendi
citis, for example. Application of compression to the abdomen of a patient with acute 
appendicits is, of course, indefensible. Thus application of ureteric compression in the exa
mination of a patient under attack is a grave fault. 

a 

Fig. us. Right-sided renal colic; stone in distal part of ureter. a) Plain roentgenography. Urography: excretion 
of contrast medium delayed; filling of dilated kidney pelvis and ureter down to stone, which has moved distally 

2 em. b) Four days after contrast injection 

Examination of the first urogram during the actual attack is usually sufficient to 
make a differential diagnosis. Absence of excretion on the affected side, with ordinary 
excretion on the other side, indicates stasis and it may be concluded that the pain is due 
to renal colic. If excretion starts at the same time on both sides in a patient complaining 
of pain, the cause of the attack is not located in the urinary pathways but elsewhere. 
In other words, the attack in this case is not renal colic. 

On examination during an attack of renal colic, urinary stasis will be demonstrated 
by delayed excretion of contrast medium (Figs. 117, llS). This delay may be several hours 
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Fig. 119 a 

Fig. 119 b Fig. 120 

Fig. 119. Examination during acute pain on right side. Urography during slight pain without preparation of 
patient. Plain roentgenogram: right kidney plump; small stone in cranial part of ureter. a) Urography six minu
tes after contrast injection: slightly dilated calyces filled (analgetics given); b) frontal, oblique view 20 minutes 
later: slightly dilated calyces filled; cranial part of ureter also slightly dilated down to concrement; contrast 

urine flows past stone in ureter of ordinary width 

Fig. 120. Renal colic. Pain subsided during examination. Slight stasis with continuous filling of ureter down 
to very small stone at ureteric orifice (arrow) 
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or, exceptionally, a day or more. In these cases the renal parenchyma will usually show 
increased density. The increase may occasionally be considerable. The contrast medium is 
accumulated in the lumina of the nephrons. This is due to the increased pressure, but may 
be accentuated by a fall in blood pressure. In the enlarged kidney with increased density, 
the renal sinus will appear as a distinct, irregular filling defect in the renal parenchyma 
(HELLMER, 1942). 

The accumulation of contrast medium in the renal parenchyma may persist for a 
short while or for one or several days if the stasis persists. The density ofthe kidney will gra
dually decrease with re-absorption of the contrast medium. More often, however, the 
density decreases rapidly. As soon as the attack subsides and the excretion of contrast 
medium into the renal pelvis starts, the contrast medium in the kidney empties into the 
urinary pathways. 

As a rule, even in severe stasis, small amounts of contrast medium will gradually 
flow into the renal pelvis in which contrast medium of very low concentration can be 

Fig. 121. Left-sided renal colic. Examination after pain had subsided. Slight stasis with filling of entire ureter. 
Contrast urine passes stone in extravesical part of distal end of ureter 

demonstrated. First some of the dorsal and cranial calyces are filled because the heavy 
contrast medium collects most readily in these calyces when the patient is supine. The 
calyces are usually markedly dilated but occasionally the dilatation is surprisingly small. 

As soon as the diagnosis is established, which, as mentioned, is usually possible after 
examination of the first urograms, and it has been shown that the attack is due to urinary 
tract disease, the patient may be given an analgetic and the examination continued at 
leisure. The analgetic should be given as soon as possible after it has been clearly demon
strated that stasis is present and it is thus decided that the pain is induced by renal colic. 
It is just as wrong to postpone giving the patient an analgetic to relieve severe pain at 
this stage as it is to give analgetic before the differential-diagnostic problem is solved. 

It is believed (HERZAN and O'BRIEN, 1952) that a glass of ice water will produce 
immediate relief and induce the excretion of contrast medium. We have tried this and found 
that it is occasionally effective, although only occasionally. 

As soon as the pain has ceased, contrast medium will be excreted. The last step of 
the examination is to demonstrate the stone (Figs. 119-121). It may be useful to follow 
the excretion until it is well under way and the contrast urine has filled the ureter down 
to the site of the stone. The interval between the exposures is dictated to some extent 
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by the findings but mainly by rule of thumb. The patient should preferably walk about 
to promote the flow of the heavy contrast urine down into the ureter towards the obstruct
ing calculus. If the concrement is close to the bladder, the contrast urine in the bladder 
covers the region (Fig. 122). Then the patient should urinate in order to permit a completely 
free projection of the lower ureter and the concrement. If several calcifications are demon
strable and a differential diagnosis is to be made between concrements and phleboliths, 
oblique films must decide which calcification is the concrement. 

During or immediately after a less severe attack, the excretion of contrast medium 
may be only moderately or very slightly delayed. In addition, the renal pelvis is usually 
slightly dilated and the ureter is filled down to the level of a stone, if any, and the emptying 
of the renal pelvis and the ureter is delayed. 

When signs of stasis are present at urography in connection with acute renal colic, 
a contrast filling of the gall bladder is often seen. This occurs more often with the contrast 

Fig. 122. Stone in distal part of right ureter. Urography: continuous filling of ureter down to stone. Distal end 
of ureter shown better after voiding of contrast urine from bladder 

medium sodium metrizoate than with the diatrizoate media (OLLE OLSSON, 1971). We have 
encountered several cases in which during urography in connection with an attack of pain, 
marked or only slight stasis was present on one side and at the same time filling of 
the gall bladder was observable during the actual examination. When this happens, it 
may be used as an extra sign of diagnostic importance when the acute examination is 
performed for the purpose of clinical differential diagnosis between an attack of choleli
thiasis and urolithiasis and if signs of stasis at urography are slight or absent when the 
examination is performed after cessation of pain. Filling of the gall bladder during the 
actual examination can be slight but may occasionally be marked. If minimal, increase 
in concentration will usually occur during the following hours and good filling may persist 
and be seen on the following day. 

Symptoms of obstructed drainage in renal colic are the same on obstruction of one half 
of a double kidney. Thus, in the presence of obstruction of one part of a forked ureter or 
in one of the ureters in the presence of double ureter, stasis is limited to that part of the 
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kidney drained by the ureter in question (Fig. 123). In severe stasis markedaccumulation 
of contrast medium may be seen in the corresponding part of the kidney (HELLMER, 

1942). The possibility of a double kidney, which is not an uncommon anomaly, must 
therefore always be borne in mind on examination of a patient during an acute attack. 

It cannot be stressed enough that in the performance of urography for such a d~fferential 
diagnosis e. g. renal colic-appendicitis, ureteric compression should never beapplied. 

a b c 

Fig. 123. Renal colic, left side. Stasis in upper part of double kidney. Urography during attack: low stone in 
left ureter; three minutes after contrast injection: normal excretion, right side, caudal pole left side. a) 11/4 hours 
later, nephrography of kidney parenchyma belonging to cranial part. Note irregular border to caudal part. 
b) 21/4 hours later: excretion into dilated cranial pelvis and corresponding ureter. c) Urography after pain had 

subsided: ordinary excretion 

3. Discussion of signs of stasis 

The signs of stasis as described by HELLMER (1935) and by WULFF (1936) are as fol
lows: increase in size of the kidney, delay or absence of contrast excretion, increase in 
density of renal parenchyma, dilatation of renal pelvis and ureter, delay in emptying of 
renal pelvis and ureter. The frequency of positive roentgen findings decreases with in
creasing length of time after the attack. If the patient is examined during the attack, 
stasis will be demonstrable in almost all cases. Signs of stasis will be detectable in only 
88% of cases if the examination is performed within three hours after the cessation of 
the attack, in 80% after six to twelve hours, and in only 50% after 24-48 hours. Since 
the examination yields most information if it is performed during the attack, it should 
when possible be started while the attack is still in progress. Since the roentgen examina
tion under such circumstances gives clear-cut information, the diagnosis can be made in 
a very early stage of the examination. The first or second urogram is usually sufficient to 
decide whether or not stasis is present, and thus whether or not the pain is due to renal 
colic. Therefore, if stasis is seen in the first urogram, it may be concluded that the attack 
is due to urinary tract obstruction and that the differential diagnostic problem is solved. 
These remarks apply in particular to the differential-diagnostic problem caused by 
appendicitis. 
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It has been claimed (ARNESEN, 1939) that in acute appendicitis changes will be seen 
at urography that may be confused with the signs of urinary stasis seen during renal 
colic. ARNESEN'S opinion cannot be accepted: no signs of stasis of any type have ever 
been observed in the many hundreds of cases of appendicitis examined in our department. 
In appendical abscess, in which the ureter may be involved, the flow in the ureter may, 
of course, be impaired, but never in acute appendicitis. 

The signs referred to above represent different degrees of stasis, the markedly delayed 
excretion of contrast medium, and the accumulation of contrast medium in the renal 
parenchyma representing signs of severe stasis. At repeated urography during one and the 
same attack, an increase in the severity of stasis is said never to be seen (ARNESEN, 1939). 

An exception to this rule, however, are cases in which during examination in slight 
or no pain, a severe attack of pain starts, in connection with which reflux can be seen 
(OLLE OLSSON, 1971). 

The longer the interval after the onset of attack, the more the appearance of the roent
genogram will be dominated by signs of mild stasis, such as slight dilatation of the ureter 
and a continuous filling of the ureter with contrast medium down to a small stone near 
the ureteric orifice. 

HOLMLUND (1968) in model and experimental studies in rabbits in comparison with 
clinical findings has observed the mechanism of the passage and arrest of ureteral stones. 
He found that in the ureters of rabbits a bar was present when a concrement had been 
lodged in the same place for more than 24 hours. In human ureters a bar was verified in 
patients with a large stone lodged in the upper or middle part of the ureter for a substan
tiallength of time. 'lVhen a stone was lodged in the most declivous part of the obstructed 
ureter, small particles with high specific gravity could occasionally be packed just abov 
the stone, hindering the urinary flow. The bar and these small particles could be seena 
filling defects above the stone during urography (ARNALDSSON and HOLMLUND, 1971). 

Urography performed during an attack of renal colic will not always make demonstration 
of a concrement possible. This may be due to the stone's being situated at a site where 
it is capable of remaining concealed, e.g. it may be projected onto bone. The stone may also 
be too small to be detected, or it may not be opaque enough, or it may have passed. Thus 
occasionally the stone may have passed despite persistent stasis, such stasis being of 
functional origin or due to edema of the ureteric orifice. 

Another possibility which must always be borne in mind is that the absence of a 
demonstrable concrement may be explained by the fact that the renal colic may be caused 
by a clot, for example, and not by a stone. It should be emphasized that signs of stasis 
are signs of renal colic and not of urinary stone. The colic is most often caused by stone, 
but this does not mean that this is always the case. A diagnosis of urinary calculus can be 
made only if the concrement has been demonstrated on the roentgenogram (or if it has 
been passed). In the presence of stasis without a demonstrable concrement, the examina
tion must be repeated after a few days, when the patient is free of pain and can be pre
pared for the examination. This re-examination has to be performed as a morphologic 
examination with ureteric compression. The reason for this is that certain diseases can cause 
renal colic without stone. This may occur, for example, in renal tuberculosis and in renal 
tumor. ROSENDAL (1948), on examination of a series of renal tuberculosis, found that as 
many as seven out of 59 cases had colic-like attacks in their history. A renal tumor may 
bleed and consequent clot formation may cause colic-like pain. Urinary stasis in such a 
case is demonstrable on examination during an acute attack, but since meteorism is often 
present and ureteric compression cannot be applied, the morphology of the renal pelvis 
cannot be properly investigated. Therefore, in such cases examination of the anatomy 
of the kidney pelvis must be postponed until repeat urography after the pain has ceased 
(OLLE OLSSON 1949). 

Occasionally a combination of stone and blood-clot may be seen (Fig. 130). 
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4. Backflow in acute renal colic (see Chapter P) 

5. Reflex anuria 

Reflex anuria is to be understood as reflex cessation of urinary excretion on the side 
involved. More commonly, however, it is used to designate the non-excretion of urine on 
the contralateral side. As pointed out previously, the pathophysiology of the excretion of 
contrast medium during renal colic has been clarified experimentally and clinically. 
It is in general due mainly to the secretory pressure in the kidney, on the one hand, and to 
the intrapelvic pressure, on the other. Thus, no reflex cramps in hypothetic sphincters or 
elsewhere need be supposed to explain this condition. 

a 

Fig. 124. Renal colic, left side. a) Plain roentgenography: large stone in ureter distally; b) acute urography: 
conglomerate kidney with crossed ectopy; contrast excretion only in caudal kidney pelvis corresponding to 
dystopic right kidney; c) after pain had subsided, excretion in left kidney also, with dilatation of kidney pelvis 

and ureter 

Much has been written about this reflex cessation of the excretion on the contralateral 
side. The many thousands of cases of urographic examination during renal colic in our 
department alone is sufficient evidence to dismiss the term "reflex stone anuria" from the 
medical dictionary. We have in our department never seen any absence of secretion on the 
contralateral side in cases with unilateral stone. In stasis - also in cases of severe degree 
in one part of a double kidney or in one part of a fused kidney (Figs. 123, 124) - we have 
never seen reflex cessation of the contrast excretion, even in the half of the kidney the 
ureter of which had not been obstructed. 
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b c 

Fig. 124 

WULFF (1941) has shown also III animal experiments that the possibility of reflex 
stone anuria may be ignored. 

6. Cessation of pain 

Cessation of pain usually indicates that passage is restored, which in turn can be due 
to passage of the stone. Nevertheless, stasis may persist. It is believed that lingering stasis 
is due to spastic contraction of the distal part of the ureter. 

Here too it is not necessary to assume more or less hypothetical sphincter activity. 
The narrowing is due, as a rule, simply to edema of the mucosa at the site of the stone. 
As to the distal part of the ureter, the contrast filling is occasionally seen to terminate 
somewhat short of the concrement. This is often ascribed to spasm around the calculus, 
but is due instead to edema of the mucosa around the stone. 

Detrusor spasm on the same side of the urinary bladder as the concrement has also 
been described in low concrements and is manifested by asymmetry of the bladder, which 
is better filled on the opposite side (ENDFEDJIEFF, 1958). The phenomenon corresponds to 
the so-called Constantinescus symptom, which is ascribed to reduced supply of urine from 
a kidney with impaired excretory capacity. 
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7. Passage of stone 

Stones are often passed during or soon after renal colic. They occasionally remain 
impacted, however. The question then unsought presents itself: Is there any reasonable 
chance of the stone being passed spontaneously, or is surgical intervention necessary? 
In a material of 541 cases of ureteric stone in our department, SANDEGARD (1956) made 
the following observations: In the absence of indications for active intervention for reasons 
other than size, shape, or localization of the stone, the actual situation is influenced by 
the following facts: 

a) Small stones (roentgenographic width < 4 mm) in the lower half of the ureter 
will usually (in 93 % of cases) be passed spontaneously. 

b) Small stones in the upper half of the ureter will usually (81 %) be passed without 
serious complications. Occasionally (19 %) these stones persist in the upper half and can 
produce considerable obstruction. 

a 

Fig. 125. Urography in connection with left-sided renal colic: a) plain roentgenography: stone in middle of left 
ureter; stone also in caudal pole of right kidney. b) Acute urography: delayed excretion of contrast medium; 
filling of dilated kidney pelvis and cranial part of ureter to stone. c) Pain subsided and stone passed a few days 
later. Check examination, plain roentgenography: stone which passed without pain was right-sided renal stone! 
d) Left-sided ureteric stone is localized in distal part of ureter. e) Very marked stasis despite cessation of pain 



Fig. 125 b Fig. 125 c 

Fig. 125 d 

11 Handbuch der med. Radiologie, Bd. XIII!l 



162 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

Fig. 125 e 

c) Medium-sized stones (roentgenographic width 4-6 mm) in the lower half of the 
ureter will often (53 %) be passed spontaneously. 

d) Medium-sized stones in the upper half of the ureter often (52 %) migrate down to 
the lower half within a few months. As long as the stone is in the upper half, it involves 
a definite risk of serious complications. 

e) Large stones (roentgenographic width ~ 6 mm) in the lower half of the ureter may 
(22 %) pass spontaneously. 
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a 

b 

Fig. 126. a) Left-sided renal colic. Acute urography: stone in uppermost part of left ureter; marked stasis. 
b) Check examination four weeks later (pain subsided soon after previous urography): changed position of stone; 

stasis much more marked than at original examination 

11' 
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f) Large stones in the upper half ofthe ureter seldom (4%) migrate down to the lower 
half. As long as the stone is in the upper half, it involves a considerable risk of serious 
complications. 

8. Stasis in relation to pain 

It cannot be stressed often enough that in ureteric stone the disappearance of pain 
does not necessarily mean the restoration of ureteric passage, even less the passage of the 
stone. Disappearance of pain usually means normalized conditions for passage of urine 

a b 

Fig. 127. Roentgen examination because of hematuria. a) Plain roentgenography: stone in cranial part of right 
ureter; b) urography: slight stasis down to stone; no pain at any time 

through the ureter. Marked stasis is still present in many cases, however, after pain sub
sides. Every patient who, at acute examination, has been found to have stasis must there
fore undergo a new examination after a few days in order to check the state of stasis or, as 
mentioned above, if stasis has disappeared, to check the morphology of the renal pelvis. 
Stasis is in many cases still present at such a check examination and in some cases the signs 
of stasis have increased, making intervention necessary. If in such cases no check examina
tion is performed and the pathologic condition is thus not detected, irreversible damage to 
the kidney will rapidly develop. In order to spotlight the necessity of close individual 
checking of the conditions described above, I will relate a case history I saw recently: 

Female, 58 years of age (Fig. 125). Left-sided renal colic. Fairly large stone in upper 
part ofleft ureter, stone also in lower part of right kidney pelvis. Pain disappears. A stone 
passes, which the patient presents. At check examination with urography, the stasis in 
the left kidneys has markedly increased and the stone is still in the ureter. The stone which 
passed was from the right kidney pelvis and had passed without pain. 
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b 

Fig. 128. Plain roentgenography: large stone in distal part of right ureter; no pain. b) Urography: marked 
stasis with dilatation of ureter down to stone; changes in right kidney of type pyelonephritis 

It is not only in the post-pain period of renal colic that stasis can persist without 
pain. Hematuria was the indication for roentgen examination of a colleague 40 years 
of age. The patient and the referring nephrologist coupled the hematuria to a suspected 
glomerulonephritis. At plain roentgenography a fairly large stone was found in theupperpart 
of the right ureter, causing moderate stasis (Fig. 127). This was the cause of the hematuria. 
The patient had at no time had pain. 

In another patient examined because of prostatic hyperplasia, alargeureteric stone was 
found in the distal of part the left ureter, with marked stasis and dilatation ofthe left kidney 
pelvis and the ureter. Marked swelling of the ureteric orifice was also seen. The patient 
had had no attacks of pain whatsoever. 
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9. Master rules in acute renal colic 

1. The patient is in pain. Roentgen examination: signs of stasis. Renal colic. Anal
getics given as soon as possible to relieve pain. 

2. Patient in pain. Roentgen examination: no signs of stasis. Pain not caused by renal 
colic but by other pathologic process, appendicitis, for example, or torquated ovarial cyst, 
etc. 

3. Patient not in pain after colic. Roentgen examination: no signs of stasis. No 
definite conclusion possible as to localization of colic in the urinary tract or outside it. 

4. Disappearance of pain in renal colic, with or without stone: Check stasis after 
a few days. Stasis can persist in spite of disappearance of pain and ifnot detected can cause 
irreversible kidney damage. 

5. Disappearance of ureteric stone seen at previous examination. Stone may have 
passed or stone may be localized in part of ureter passing skeletal parts, for example pelvic 
bone, or it may have been dislodged back into the kidney pelvis. Therefore check exa
mination of stone in distal part of the ureter when stone is not seen should always include 
the kidney and the entire ureter. 

6. Renal colic caused not necessarily by stone, except if stone is demonstrated or 
presented. Instead: a coagulum from a tumor, for example, or a vascular malformation. 
Therefore, when stone not found at roentgen examination or seen after passage, always 
check urography with morphologic study of the kidney pelvis. 

10. Backflow in connection with stone (see Chapter P) 

XII. Renal angiography 

The finding of a concrement in the ureter permits no direct conclusions concerning 
the duration of the obstruction. Obstruction may be partial or intermittent and, as 
mentioned above, even fairly large stones may be grooved or channeled and permit the 
passage of urine. In such cases urography should be performed at regular intervals during 
expectancy, in order to check renal function. As a rule the excretion of urine will appear 
normal and the urinary pathways will be slightly dilated at most, even if the concrement 
is fairly large. In some cases, however, signs of stasis appear, occasionally of severe stasis, 
and intervention is indicated. If renal function is markedly impaired or absent, the question 
is to decide whether the impairment is permanent or temporary. This question is important, 
particularly in cases in which the onset is not acute and in which it is therefore not possible 
to estimate how long a period flow may have been obstructed. 

The recovery of a kidney after ureteral obstruction has been the matter of much 
discussion in the literature. PAPAIOANNOU and BRUNSCHWIG (1965) report a case of return 
of function after F/2 years of complete blockage. This blockage, however, was verified 
only by urography, with fairly short examination times. GRAHAM reports recovery of 
"useful renal function" after 46 days of obstruction. In a study from 1964 BRUNSCHWIG 
et al. stress the difficulty, in several cases of occlusion, of stating definitely the average 
occlusion time. Of 11 patients in whom it was possible to fix rather accurately the dates of 
complete renal occlusion, there was return of function in seven patients, with periods of 
occlusion varying from two to four weeks and in one patient 31 / 2 months. In two patients 
with occlusion lasting 165 days, impaired function returned. In one patient with 100 days 
of occlusion, function returned slowly and remained impaired. 

From these and many other reports it is evident that urography is nota reliable method 
of studying capacity for recovery after ureteral obstruction. Renal angiography can help 
to decide on this point. 



Renal angiography 167 

Renal angiography is of less value in the diagnosis of stone, but it may be very valu
able in the evaluation of the condition of the renal parenchyma in stone with complicating 
infection, and in urinary stasis due to stone. In urinary stasis and in infection the entire 
parenchyma or only part of it may be affected. Thus in contemplated partial nephrectomy 
because of stone, renal angiography may be useful for judging the state of vascularization 
of the kidney, the extent of involvement of the parenchyma, and for planning of the ope
ration. The method is of still greater value, however, in the estimation of the time drainage 
has been obstructed and of secondary impairment of kidney function. 

a b 

Fig. 129. a) Acute urography: stone in middle of left ureter (arrow); marked stasis. Cessation of pain. b) Check 
examination some days later: stone has disappeared from ureter and is found in caudal pole of left kidney 

It is well known that prolonged urinary stasis is accompanied by atrophy of the renal 
parenchyma with gradual loss of renal function. Even if stasis is relieved in such cases, 
renal function may be definitely impaired. In experiments on rabbits IDBOHRN (1956) at 
our department showed that in complete unilateral ureteric stasis, pathologic-anatomic 
changes occurred with destruction of parenchyma proceeding parallel to the length of 
the stasis during the first 11-12 weeks. After this period of stasis the interstitial tissue 
had undergone fibrosis-hyalinosis and the tubules were markedly atrophied. After a period 
of stasis of more than 11-12 weeks the changes progressed only slightly. In further ex
periments in the same research program (WIDEN, 1958) on dogs in which urinary stasis 
had been induced for periods of seven to 79 days and afterwards released, examination three 
to seven months after release showed that the kidneys were atrophic, the degree of atrophy 
varying with the period the ureter had been ligated. As a rule the tubules were more atro-
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phic than the glomeruli. Atrophy of the parenchyma was accompanied by a narrowing 
of the renal artery and changes in the parenchyma as judged by urography (Fig. 131). 

Examination of the renal blood flow by physiologic methods (IDBoHRN and MUREN, 
1956) showed flow of blood through the kidney to be reduced. 

If a ureteric concrement completely obstructs the ureter, and it is not known how 
long it has done so, absence of excretion in urography may depend either on such long
standing obstruction that the kidney is no longer able to function'because of atrophy of 
functional elements, or on the pressure in the renal pelvis being-so high as to prevent 
excretion. In the former case, removal of the obstruction will not be followed by return 

Fig. 130. Right-sided renal colic. Stone in distal part of right ureter. Stasis with filling of ureter down to stone. 
Coagulum 3 em long immediately cranial to stone 

of function, but in the latter, removal will give the kidney the possibility of recovering. 
In the former case at renal angiography decrease in the width of the renal artery, 
together with reduction of the capillary bed of the kidney, may be seen as a sign of atrophy. 
In the latter case, the renal artery will be of normal or nearly normal width and thereby 
indicate good potential renal function. 

Many authors claim that there is a parallel between the degree of atrophy of a kidney 
and the decrease in the width of the renal artery. This conception is not correct, however. 
To clarify the question, as mentioned above, IDBOHRN studied the angiographic changes 
in animals at varying intervals after complete unilateral ureteric obstruction and WIDEN 
studied the same question a considerable time after stasis had been relieved (Fig. 131). 
Both investigators showed that patho-anatomic changes with atrophy of the renal paren
chyma increased rapidly; the caliber of the artery, however, decreased only slowly. 
When the caliber of the renal artery had diminished by 50 % all renal function had perma-
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Fig.13I. a) Caliber of renal artery in rabbits after ligation of corresponding ureter. Fairly even decrease in caliber 
of artery until the 11-12th week, when the caliber is about 50% of original width. (After IDBOHRN); b) Com
parison between caliber of renal artery (a), intrarenal arteries (b), nephrographic effect (c), function after ure
terostomy (e) and histologic changes (d). (After IDBOHRN). c) Renal angiography in dogs after varying length 
of time after ligation of corresponding ureter and 3-7 months after release of ureteric occlusion and re-establish
ment of passage in ureter. The caliber of the renal artery on the ureter-ligated side recovered its original value 
when the ureter had been completely blocked less than 10 days. Angiographic, functional and morphologic 
changes in relation to duration of stasis. a Caliber of renal artery on ligated side during ligation period_ b Caliber 
of renal artery on ligated side during post-release period. c Caliber of renal artery on contralateral side during 
ligation period and post-release period. d Size of kidney on ligated side during post-release period. e Size of 
kidney on contralateral side during ligation period and during post-release period after ligation of less than 
30 days duration. f Size of kidney on the contralateral side during post-release period after ligation period of 
more than 30 days. g Inulin and P AH clearance on ligated side during post-release period, in per cent of half 
the total preoperative value. h Inulin clearance on contralateral side during post-release period, in per cent of 
half the total preoperative value. i P AH clearance on contralateral side during post-release period, in per cent of 
half the total preoperative value. j Weight of kidney (g/kg body-weight) on ligated side. k Weight of kidney 

(g/kg body-weight) on contralateral side. (After WIDEN) 
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a 

b 

c 

Fig. 132. Kidney atrophy due to ureteric obstruction. Gynaecologic operation some ye'1rs previously. Afterwards 
"silent kidney". a) Urography: No excretion from small right kidney. b) and c) Angiography: Marked atrophy 
of arteries to right kidney, which is small, of irregular outline and has no parenchyma left. Nephrectomy 
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a 

b 

c 

Fig. 133. Ureteric obstruction due to stone. Repeated attacks of pain for months. a) Urography: Ordinary 
excretion left side. No excretion right side. b) Renal angiography: Renal arteries have ordinary caliber. Nephro
graphic phase shows normal conditions. Potential kidney function good. Removal of ureteric stone. c) Uro-

graphy: Normal conditions 
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nently ceased. Only after complete ureteric occlusion of less than 30 days duration was any 
recovery of renal function noted. After 30 days of complete occlusion the artery showed 
no tendency to recover. The investigations showed that renal angiography, with deter
mination of the width of the renal artery and its branches and evaluation of the renal 
parenchyma by the nephrogram, provides a reliable method for judging potential renal 
function. If the caliber of the renal artery has diminished to half its normal width, in prac
tice to half the width of the contralateral renal artery, removal of the obstruction will 
not result in recovery of renal function (Fig. 132). It is not only the width of the main 
branch of the renal artery that should be considered, but also the appearance of intrarenal 
branches and, as mentioned, of the nephrogram. 

The reactive changes around a stone in the kidney pelvis may occasionally be suffi
ciently marked as to cause angiographically demonstrable changes. Thus a marked hyper
vascularity may be seen in the wall of the kidney pelvis and the ureter, with widened 
tortuous vessels (Fig. 107). 

XIII. Nephrocalcinosis 

In the discussion of renal stone it has been pointed out that certain diseases predis
pose to stone formation and in addition are often associated with calcific a tions in the paren
chyma. In parenchymal calcifications smaller calcifications may become detached and 
appear as concrements. 

Nephrocalcinosis is not a clear-cut clinical entity. It is used in the literature to desig
nate calcifications in the kidneys as seen at autopsy or at roentgen examination. Here we 
are concerned only with the roentgenographic appearance. Since it appears so often in the 
literature it will be dwelt on here, but reference is made to the different diseases associated 
with concrement formation and parenchymal calcifications and described elsewhere. In 

Fig. 134. Nephrocalcinosis in sarcoidosis 
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addition, it is stressed that nephrocalcinosis is not a disease sui generis and that every 
single case should be examined and evaluated individually in the light of the fundamental 
disease. 

Renal calcifications are generally classified as metastatic calcifications when they are 
due to hypercalcemia in otherwise normal kidneys, and as nonmetastatic or dystrophic 
calcifications, when a primary renal lesion is present. The division may be useful for purposes 
of classification, but it is not always possible to make a distinction in a given case, because 
the renal parenchyma is often damaged, even in cases classified as metastatic. 

Nephrocalcinosis is, generally speaking, a roentgen diagnosis. Diagnosis of the con
dition depends according to MORTENSEN et al. (1953) upon the following roentgenographic 
characteristics: 1. location of deposits of calcium in the renal parenchyma and 2. the diffuse 
distribution of such deposits. Obviously the description is diffuse and is worded so as to 
cover many widely different conditions. 

Parenchymal calcifications occurring in association with renal tuberculosis and renal 
tumor, for example, are usually not included under the name of nephrocalcinosis. This 
term instead embraces such renal changes as those seen in osteitis fibrosa generalisata. 
This condition was the first in which the term nephrocalcinosis was used by ALBRIGHT 
et al. (1934). It also includes parenchymal changes in sarcoidosis and in some generalized 
diseases of the renal parenchyma, but only if the disease produces renal calcifications. 
The term also embraces certain conditions associated with changes in the blood chemistry, 
particularly hypercalcemia. Some cases described in the literature under the heading 
of nephrocalcinosis should have been assigned to other groups such as medullary sponge 
kidney. 

1. Hyperparathyroidism 

Hyperparathyroidism, usually due to adenoma of a parathyroid gland, is often accom
panied by nephrocalcinosis and renal concrements. The renal changes are the most serious 
organic complication in this disease. Therefore, in all cases of hyperparathyroidism the 
kidneys must be examined, just as the possibility of hyperparathyroidism should always 
be considered in all cases of urinary calculi and nephrocalcinosis. HELLSTROM (1955) 
stated that in 56 of his 70 cases of hyperparathyroidism, renal concrements were found 
roentgenologically: in one third of the cases, stones only; in one third, parenchymal calci
fications only; and in one third both in combination. According to ALBRIGHT and REIFEN
STEIN (1958), on the other hand, hyperparathyroidism is the cause in 5 % of all cases of 
urinai'y stone. The concrements and calcifications vary widely from case to case and from 
side to side. One or both kidneys are often reduced in size. 

Renal lesions can occur without bone lesions, the former being an index of the severity 
of the disease and the latter, an index of its duration (ALBRIGHT et al., 1934). 

It is assumed that the roentgen pathology of the bone lesions characteristic of hyper
parathyroidism and the method for diagnosing parathyroid adenoma are known; they 
are therefore not described here. 

2. Sarcoidosis 

The term sarcoidosis is to be understood here as the obscure disease, also known as 
Besnier's, Boeck's, or Schaumann's disease, or lymphogranuloma benignum if the changes 
are localized to the glands, or ostitis multiplex cystica Jiingling when the lesions are seen 
in the bones. 

It is common knowledge that autopsy has revealed calculi and parenchymal calci
fications in a high percentage of patients with sarcoidosis. The calcareous formations may 
involve only a small part of the kidney or renal pelvis or the major part of the kidney. A 
few descriptions of the roentgen anatomy in this disease are on record. DAVIDSON et al., 
(1954) described the largest series (7 cases) illustrating bilateral nephrocalcinosis; the 
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lesions were irregular and they varied in extent from case to case and from side to side in 
one and the same patient. The kidneys are also sometimes reduced in size (SCHUPBACH 
and WERNLY, 1943). Calcium deposits in the soft tissue resembling the changes seen in 
peritendinitis calcarea may also occur. 

In a survey of 306 patients with sarcoidosis MURPHY and SHIRMER (1961) found, how
ever, that the frequency of urolithiasis in sarcoidosis was no greater than that in the 
general population. 

It is presumed that the reader is familiar with the changes of roentgendiagnostic 
importance in sarcoidosis outside the urinary tract. 

3. Hypercalcemia 

The findings described above in nephrocalcinosis resemble those in other conditions of 
hypercalcemia such as bone-destroying tumors. 

The largest series of these conditions consists of 91 cases (MORTENSEN and EMMETT, 
1954: 48 from the literature and 43 personal cases), of which almost half had hyperpara
thyroidism. Two thirds of the remaining cases consisted of hyperchloric acidosis and 
chronic pyelonephritis in equal proportions. The group hyperchloric acidosis included cases 
of the type described by BUTLER et al. (1936) and by ALBRIGHT et al. (1940), who called 
the disease nephrocalcinosis with rickets and dwarfism. 

Nephrosclerosis occurring in association with sulphonamide therapy has been described 
by many authors (GREENSPAN, 1949; ENGEL, 1951). 

4. Glomerulonephritis, pyelonephritis, and tubular nephritis 

Glomerulonephritis, pyelonephritis, and tubular nephritis are sometimes associated 
with nephrocalcinosis. Widespread calcifications have been observed on occasion in 
chronic glomerulonephritis (ROSENBAUM et al., 1951). In pyelonephritis calcifications may 
be seen in the pyramids (ALBRIGHT et al., 1938) (papillary necrosis must here be kept in 
mind.). In tubular nephritis cortical calcifications have been observed by MOELL in some 
of our cases. In this conjunction cortical calcifications in gross renal cortical necrosis should 
be remembered. In fact, nephrocalcinosis will prove to be fairly common in generalized dis
eases of the renal parenchyma if the examination aims at demonstrating diffusely spread, 
fairly thin calcifications. 

The group of diseases under discussion is sometimes associated with bone lesions of 
somewhat varying type, so-called renal osteodystrophy, osteonephropathy etc. The 
fundamental diseases are of two different types. A smaller group consists of rare cases 
with selective tubular disturbances, and a second, larger group, of cases with chronic 
renal insufficiency due to glomerulonephritis, pyelonephritis or malformations of the kid
neys and urinary tract. The roentgendiagnostic findings consist partly of skeletal changes, 
partly of changes of the type mestastatic calcifications and arterial calcifications. The 
type and severity of roentgenologic osseous changes vary with the patient's age and sever
ity of renal insufficiency and the duration of such insufficiency. Bone lesions are partly 
changes of the type seen in rickets and partly changes resembling those occurring in osteitis 
fibrosa cystica. The former type is seen before the closure of the epiphyseal lines, the latter 
in adult age. 

Renal rickets is caused by incomplete reabsorption of excreted calcium in the kidneys. 
The rachitic process is most marked in those joints which at the time are in the state of 
greatest development. 

In some cases osteosclerosis is predominant and involves the major part of the skele
ton, although it is occasionally limited to the spine, particularly the lumbar portion. These 
last-mentioned changes can often be detected at plain roentgenography of the urinary 



Glomerulonephritis, pyelonephritis, and tubular nephritis 175 

tract and indicate roentgen examination of the entire skeleton or places of predilection 
(Fig. 135) (CRONQVIST, 1961). 

Young patients show changes, which in localization and type resemble those seen in 
rachitis. In adults the most characteristic changes are seen in the phalanges, in the medial 
part of the proximal third of tibia, in the corresponding part of the humerus and in the 

a 

b 

Fig. 135. Renal osteodystrophy. Characteristic type and localization of bony lesions. a) Cortical erosions in 
phalanges, especially middle phalanx and b) in proximal end of tibia medially (between arrows). c) Irregular 

sclerosis of vertebral bodies 

clavicle, the acromion, and the ulna. In these bones diffusely outlined zones of cortical 
rarefaction are seen in the cortex. 

In advanced cases the skeletal changes are the same as in hyperparathyroidism and 
can be differentiated from this disease only by blood studies. I doubt whether a differential 
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diagnosis is always possible since hyperparathyroidism is often complicated by renal 
insufficiency. 

It must be mentioned that renal osteodystrophy of different kinds is very common 
in connection with prolonged dialysis, the incidence increasing with increasing length of 
period of dialysis (COHEN et al., 1970). 

F. Renal~ pelvic and ureteric tumors 

I. Renal tumors 

Renal tumors offer many important diagnostic problems. The clinically raised sus
picion of tumor is a challenge to the roentgenologist who must demonstrate unequivocally 
the presence of a tumor or, likewise unequivocally the absence of tumor. The main methods 
used to meet this challenge are urography (or pyelography), including plain roentgeno
graphy, and angiography. The basic difference between these two methods is that uro
graphy aims mainly at, and is suitable for, demonstration of the kidney pelvis, and not 
of the kidney parenchyma itself in which the tumor is localized. Angiography, on the other 
hand, helps demonstrate the renal parenchyma, including the tumor, the vasculature of 
which can also be studied. In principle, in tumor diagnosis urography-pyelography offers 
indirect diagnostic symptoms, whereas angiography offers direct diagnostic symptoms. 
Roentgen diagnosis at its best relies always on direct symptoms. Pathognomonic symptoms 
are practically always direct symptoms. Thus the roentgenologic diagnosis of renal tumor 
represents a fundamental principle in diagnostic radiology. 

The most important type of renal tumor in adults is renal carcinoma, formerly 
called hypernephroma because of a belief that it had its origin in intrarenal ectopic adrenal 
remnants in the renal cortex. Grawitz advocated this view, hence the term "Grawitz tumor" . 
Many other theories have been presented; therefore for a time the tumor was given the 
"neutral" name nephroma (JOHNSON, 1946). The most common name today is renal carci
noma. The general opinion now is that renal carcinoma has its origin in cells in the renal 
tubules or in adenomas. This theory was originally proposed by STUEROK (1908). 

To produce tumors experimentally, dimethylnitrose amine can be used. We use this 
preparation for special angiographic studies in animal experiments (Ekelund and Jonsson, 
1971 ). 

Renal carcinoma in the pre-invasive stage is encapsulated in connective tissue. 
Upon growing, it breaks through the capsule and invades the kidney and the surrounding 
area. It metastasizes via the renal vein and paravertebral venous plexuses in 43-75 % 
of cases (SOHMIEDT, 1968), to the liver in 30-35 %, to the chest in approximately 50 %, 
to the skeletal system in 33-40 %, and more seldom to the brain. 

The predominant type of malignant renal tumors in adults is different from that in 
children. The most common type of tumor in children is the embryoma or nephroblastoma, 
also known as WILMS' tumor. It represents 8 % of the cases in the series referred to above. 

Renal tumors can be diagnosed by different roentgen-diagnostic methods, parti
cularly plain roentgenography, urography or pyelography. The value of renal angiography, 
however, is becoming more and more obvious. The main purpose of roentgen exami
nation is to demonstrate the presence of a tumor and, if a space-occupying lesion can be 
shown, to contribute: to the differential diagnosis. Further, if plain roentgenograms and 
pyelograms show no signs of a pathologic condition in a patient in whom tumor is 
nevertheless suspected, roentgen examination can demonstrate or exclude the possibility 
of such a growth by other roentgen-diagnostic methods. 
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1. Renal carcinoma 

The tumor can vary considerably in size and may be well defined or show signs of 
invasion. Occasionally it can infiltrate the entire kidney, including the renal pelvis and 
often encroaches upon neighboring tissues. Haemorrhage in a tumor is common, with 
different sized necrotic foci, and with cystic formations as a consequence. In some cases 
only small parts of the tumor show such cysts, while in others, although seldom, the entire 
tumor may be converted into a cyst or cysts with specific tumor tissue occurring only 
in the form of a protrusion in the wall of the cystic formation. 

All roentgen-diagnostic methods must be thoroughly considered in the diagnosis 
and differential-diagnosis of renal carcinoma. 

a) Plain roentgenography 
A small tumor situated deep in the renal parenchyma need not cause any change in 

the size or shape of the kidney. If it is situated near the surface of the kidney, it may 
cause a small bulge in its outline, often seen only in tangential projections. Such a bulge 
may resemble a persistent fetal lobation, for example. A tumor situated in a hilar lip 
may make the latter appear somewhat thicker than usual, a change which cannot always 
be classified as clearly pathologic owing to the wide normal variation in the anatomy of 
the kidney, particularly of the lower hilar lip. Adaption of the kidney to adjacent organs, 
for example to the spleen, sometimes may give the kidney a shape which makes it impos
sible to exclude expansivity. 

A relatively large tumor will produce a distinct local enlargement of one of the poles 
of the kidney, for example. The tumor may be round, oval, or lobulated but nevertheless 
well defined, or it may be well outlined in one part and diffuse in another. Large tumors 
occasionally infiltrate the entire kidney, when the kidney is seen as a nodose mass which 
may be very large. 

A renal tumor may also cause a generalized increase in the volume of the kidney. 
The kidney becomes plump and large, but is of otherwise normal shape and well defined. 
The tumor may assume considerable proportions and compress adjacent organs. The liver, 
for example, may appear as a cap over the tumor and the diaphragm may be displaced 
upwardly and its mobility may be reduced. 

In a material of 164 cases of renal carcinoma from our department (FOLIN, 1961) 
the kidney with tumor was well outlined in 150 cases, had normal size in 10 patients, was 
generally enlarged in 21, and was irregular in 119. 

The kidney may be displaced in cranio-caudal and medio-Iateral direction by the tu
mor, or rotated around different axes. A large tumor in the upper pole of the kidney will 
often tilt the kidney. A tumor situated dorso-medially to the kidney will rotate the latter 
in such a way that the hilum will face anteriorly. 

Renal carcinoma, regardless of its size, occasionally contains calcifications (Fig. 136). 
These may vary widely in number, appearance and size, from punctate calcifications to 
calcium skeletons in the entire tumor. They may also be shell-like and localized in the 
periphery of a more or less spheric tumor. Calcifications in the entire circumference of the 
tumor or in small parts of it are more often seen in large tumors, but also, in exceptional 
cases, in very small ones. The calcifications have a certain relation to the age of the 
tumor (as has the size of the tumor). The frequency of calcifications is higher in older material 
of renal carcinomas than in recent material because formerly patients came for examination 
at a later stage of the disease. Thus in renal carcinomas seen in our department during the 
years 1933-1945 calcifications were demonstrable in more than 25 % of the cases, whereas 
in a corresponding material from 1951-1960 they were found in only 5 %, since the 
diagnosis of renal carcinoma was made at an earlier stage. 

In 50 out of 67 cases of renal mass lesion seen in roentgenograms of varying quality 
ETTINGER and ELKIN (1954) recognized the mass in 48 cases because of the changed 

12 Handbuch der med. Radiologie, Ed. XIII/l 
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b 

Fig. 136. a) and b) and c): Different types of combined peripheral and central calcifications indicative of solid 
tumors, practically pathognomonic of renal carcinoma. d) Calcification in tumor periphery not indicative of 

solid tumor. Calcifications ofthis type are also seen in simple cysts. 
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outline of the kidney, and in two because of calcifications. The calcifications in the renal 
tumor are sometimes characteristic but they may also be non -characteristic and not 
distinguishable from other calcifications in the renal parenchyma and the renal pelvis. 

The finding of a renal mass is often accidental in association with other examinations, 
such as of the gallbladder, particularly if the examiner has made it a rule to pay attention 
to the appearance of the right kidney, which is included in survey films of the gallbladder. 

If the kidney outline is difficult to demonstrate, tomography or zonography may 
sometimes be useful. Retroperitoneal pneumography has been used (COCCHI, 1957) but in 
my experience this method is unnecessary in this situation. 

The changes seen already in plain roentgenograms are sometimes sufficient to permit 
a diagnosis of renal carcinoma, particularly if the tumor is large and irregular and/or if it 
contains characteristic calcifications. 

Fig. 137. Renal carcinoma, definite diagnosis possible at urography. Right kidney pelvis irregularly enlarged, 
contrast excretion diminished, kidney pelvis wall infiltrated 

On occasion a large renal carcinoma may encroach directly upon and destroy parts of 
the skeleton. One or more metastatic foci are not infrequently seen in skeletal parts 
included in plain roentgenograms of the urinary tract. Such changes in combination with 
the finding of a space-occupying growth in the kidney permit a diagnosis of tumor. If a 
space-occupying lesion has been demonstrated in a kidney it may be useful to examine 
the chest because the demonstration of metastases in the lungs will make the diagnosis 
of tumor a firm one. 

Large tumors can encroach upon the diaphragm and give rise to metastases in 
the pleura, demonstrable by the presence of fluid in the corresponding pleural cavity. 

It is a well-known fact that on occasion lung changes of the type multiple metastases 
disappear entirely after nephrectomy. Such cases have been described by BUMPUS (1928), 
BEER (1937), MANN (1948), ArcoMANo et al. (1958), KESSEL (1959). The metastases had 
not been verified pathoanatomically. In this connection it may be convenient to call 
attention to a case published by ANDRESEN (1936): Roentgen examination of the chest 
of a male aged 43 years revealed changes suggestive of metastases. On examination of the 
kidneys a space-occupying, well defined lesion was found in one kidney. Renal carci-

12* 
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noma with lung metastases was assumed. The lung changes, however, diminished and op
eration on the kidney mass was decided upon. It disclosed a benign cyst! 

A case has been described by LJUNGGREN et al. (1959) in which histologically verified, 
widespread bilateral pulmonary metastases disappeared completely before nephrectomy, 
which was performed later and disclosed a renal carcinoma. ADOLFSSON (1967), on the other 
hand, reports a patient with pulmonary metastases from a renal carcinoma in which the 
primary tumor underwent complete regression. 

b ) Urography I pyelography 

Of the patients in our material of renal carcinoma 50 % had at urography ordinary 
excretion conditions, permitting detailed study of the morphology of the renal pelvis after 
ureteric compression. In 18 out of 157 cases no excretion of contrast medium could be 
seen, and in 60 patients the excretion and its density were reduced in varying degrees. 
There was a certain relationship between the amount of destruction of the renal paren
chyma through tumor and the density of the excreted contrast urine. Thus the kidneys 
without excretion were markedly destroyed by tumor. In exceptional cases, however, 
a small tumor may cause cessation of excretion because it blocks the flow in the kidney 
pelvis or in the ureter. Such blockage of passage may also cause dilatation of the kidney 
pelvis; otherwise such dilatation may be present for other reasons. A dilatation may 
counteract impression by a tumor in the kidney pelvis and thus cause non-detection of an 
expansivity (OLLE OLSSON, 1962). 

Parts of the renal parenchyma not involved by the tumor will often show a somewhat 
increased nephrographic density at ordinary urography, while those parts harboring a 
tumor will retain their original density. This difference in density between normal and 
pathologic parts of the kidney can be enhanced by the modification of the method with 
a much larger dose of contrast medium (nephro-urography see chapter: Examination 
Methods.) 

Both at pyelography and morphologic urography deformation of the renal pelvis by 
a space-occupying growth will be shown (see Figs. 137, 138). 

If the tumor is small and near the surface of the kidney, the deformation may be 
only slight and consist of a flattening or dislocation of a single calyx. In central tumors 
the change may consist essentially of a separation of the stems of the calyces, while if 
the tumor is larger, the calyces may be markedly compressed. If the tumor is very large 
the renal pelvis may assume a grotesque shape with extension or shortening by con
siderable compression of its branches. A single expanding process is capable of producing 
all types of deformations in different combinations, depending on the direction of the 
pressure the expanding growth exerts in relation to the direction of the branches. The 
tumor may shorten a calyx stem and cause a flattening of the calyx itself if the tumor 
exerts its pressure in the longitudinal direction of the calyx. A calyx in the immediate 
neighborhood which is perpendicular to the direction of pressure of the same tumor may 
be elongated and compressed, for example. Rotation of the kidney also produces typical 
changes in the shape of the renal pelvis. A tumor situated in the lower pole of the kidney, 
particularly in its medial part, will press against the ureter and displace it. Such compres
sion of the ureter may cause a dilatation of the renal pelvis. 

The deformation of the renal pelvis as seen in the pyelogram is due in part to the 
fixation of the kidney, which permits only a limited amount of movement. An expanding 
process in or beneath the kidney is likely to cause deformation of the kidney and the 
renal pelvis in an early stage because the kidney can only give way to a certain extent. 
In addition the intrapelvic pressure is ordinarily low and is easily overcome by a growth 
pressing upon the pelvis. This is conspicuous on comparison between clinical pyelograms 
and pyelograms of autopsy specimens, the deformation due to rotation and stretching being 
much less in the latter. 
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a 

b 

Fig. 13S. Renal carcinoma infiltrating kidney pelvis. a) Pyelography, b) Operative specimen 

Encroachment of the lesion onto the wall or into the lumen of the renal pelvis is 
seen in our material in approximately 35 % of the cases. In the former situation, single 
calyces or large parts of the renal pelvis may be irregularly narrow and their wall rigid 
as a sign of invasion by a malignant tumor (Fig. 138). In the latter situation a more or 
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less irregular filling defect is seen in the renal pelvis (Fig. 139). This defect resembles 
those produced by papilloma of the renal pelvis or by radiolucent stones. Such a defect 
in a patient with a space-occupying lesion therefore does not necessarily mean that the 
lesion is a tumor encroaching upon the renal pelvis. Stones, for example, may be co
existent with any type of space-occupying parenchymal lesion. The filling defect may also 
be due to a blood clot. 

Occasionally, although rarely, both at pyelography and urography, reflux will be seen 
of contrast medium in pathologic vessels belonging to a tumor or in the outer layer of a 
tumor, owing to distention of a calyx into the tumor capsule (OLLE OLSSON, 1948). 

Incidence of renal pelvic deformity: Most tumors produce a more or less characteristic 
deformity of the renal pelvis. The deformity is occasionally very slight. Demonstration 
of the changes in the renal pelvis depends to a certain extent on the original shape of the 
renal pelvis. If it has well formed branches, even a slight deformation will be more conspi-

a .................. _ ......... __ ..... b 

Fig. 139. a) Small renal carcinoma infiltrating and with a large protuberance projecting into the kidney pelvis. 
b) Operative specimen 

cuous than in cases where the renal pelvis has a large confluence and short calyces. 
Sometimes deformity of the renal pelvis may not be demonstrable despite the fact 

that changes in the outline of the kidney are seen m the plain roentgenogram (see 
Fig. 159). 

Cases have also been described in the literature as "hypernephroma too early to 
diagnose". Accompanying illustrations, however, show that the examinations were not 
properly performed and were therefore inconclusive. It is obvious that the demonstration 
of changes in the shape of the renal pelvis depends largely on the examination technique. 
If the technique is slipshod, or standardized without necessary variation, at urography 
and pyelography many changes will be missed. Only an adaptable technique with suitable 
projections will demonstrate the deformation to its full extent. 

Cases are on record, however, in which no signs of tumor were found at careful and com
plete examination and check examination with plain roentgenograms or urography or 
pyelography, but in which further examination by renal angiography (see below) gave 
the diagnosis (LOFGREN, OLHAGEN, 1954) (Fig. 152, 161). Cases of this type are demon
strated more often with the increasing use of renal angiography. 

c) Renal angiography 
The crucial points on the importance of angiography in the diagnosis of renal tumors 

are: 
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Fig. 140. Urography. Displacement and deformity of kidney pclvis indicative of space-occupying lesion. 
Impossible to decide if the latter was a cyst or a carcinoma. a) and b) Renal angiography, arteriographic 
tend nephrographic phases: well defined tumor with much pathologic vasculature - renal carcinoma. :c) 

Operative specimen ." 

1. urography/pyelography gives negative results 
2. urography/pyelography is indecisive as to the existence of a pathologic process 
3. urography/pyelography is indecisive as to the nature of an existing pathologic 

process. 
The problem can be solved by the use of angiography. 
The renal artery to the kidney harboring a tumor is usually somewhat wider than its 

fellow artery. Highly significant statistical evidence is reported by FOLIN (1967) in a large 
material of renal carcinoma where the diameter of the renal artery on the tumor side was 
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7.6 ± 0.4 mm and on the other side 6.2 ± 0.5 mm. In 53 cases in which the two 
arteries could be directly compared, 37 had a wider artery on the affected side, in 14 the 
arteries were equally wide and in two the artery was narrower on the tumor side because 
the kidney harboring a small tumor was destroyed by pyelonephritis. The main artery 
and its branches are likely to be displaced in various ways by the expanding process. If 
the tumor is very large, the lumbar aorta may be displaced. 

The region occupied by the tumor shows a pathologic pattern of the vessels, 
which run an irregular course and vary abruptly in width. (See, for example, Figs. 
140-145, 151-153). Numerous fine or markedly irregular tortuous vessels with 

a b 

Fig. 141. a) Selective angiography: tumor vessels corresponding to medial part of large tumor seen at plain 
roentgenography. b) Lumbar aortography: tumor is fed by several other arteries. When latter are filled, all 

pathologic vasculature in the tumor can be demonstrated 

aneurysm-like dilatations or irregularly outlined accumulations of contrast medium (so
called pooling or laking) are common findings. The contrast medium frequently passes 
rapidly into the veins via arteriovenous fistulae within the tumor. Such fistulae, which 
were known long before angiography, are capable of producing the same clinical symptoms 
as large arteriovenous aneurysms. The polycythaemia frequently seen in renal carcinoma 
has been ascribed to this direct shunting from the artery to the vein. It may also be caused 
by other factors, however. 

Large tumors are often fed not only by the main renal artery but by other arteries as 
well, such as lumbar arteries, the phrenic artery, the intercostal arteries, the suprarenal 
artery, etc. (Fig. 141). In such cases only part of the tumor is demonstrated at selective 
angiography, whereas at aortic injection with filling of all pararenal arteries, all tumor 
vascularity will be demonstrated. 

A tumor may be localized within the nutritional area of one of multiple renal arteries. 
(See below). As pointed out in the chapter Examination Methods, it is necessary to be 
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a b 

Fig. 142. Angiography: a) late capillary phase: large renal carcinoma with extension medially-cranially, 
corresponding to renal vein - tumor thrombus in renal vein. b) Venous phase: non-filling of renal vein, filling of 

many collateral veins around the kidney 

a b 

Fig. 143. a) Well defined renal carcinoma in middle of right kidney. Extension of tumor tissue medially, corre
sponding to renal vein. b) Cavography: large tumor thrombus from renal vein extending to inferior caval vein 
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a b 

Fig. 144. Angiography, left kidney: a) Renal carcinoma 2 cm in diameter. b) After angiotensin the pathologic 
vasculature in the tumor is better demonstrated 

a b 

Fig. 145. a) Large expansivity with very few pathologic vessels in right kidney. b) After angiotensin the 
pathologic vasculature is much better demonstrated 
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familiar with the vascular anatomy of the kidney in its roentgenologic aspects to under
stand the picture fully. On the other hand, a non -filling of an area of the renal parenchyma 
fed by a small supernumerary artery must not be mistaken for a pathologic process. 

The larger the tumor, usually the more marked are the pathologic vasculature changes. 
Even small tumors may have marked changes. Large tumors, on the other hand, may 
necrotize to a great extent and the pathologic vasculature diminishes correspondingly. 

Renal carcinoma has a tendency to become necrotic partly because of arterial throm
bosis. This has been studied from a patho-anatomic point of view by BARTLEY and HULT
QUIST (1950), who found fibrosis and other regressive changes. Vessels are never seen 
within the necrotic parts. This implies that some carcinomas are very poor in vessels or 
have no pathologic vessels whatsoever. In autopsy material LASSER and STAUBITZ 
(1957) found arterial thrombosis to be capable of preventing the passage of contrast 
medium to a tumor (Figs. 146, 147). 

There is occasionally a scarcity of pathologic vasculature in both small and large tu
mors. In order to demonstrate the vasculature in such cases the technical performance 
of the examination in all its many details must be as expert as possible. 

WOODRUFF et al. (1956) claim that less than one third of all renal tumors will show 
no pathologic vessels and LORR et al. (1968) found in one third of the tumors examined 
either that there were no pathologic vessels or that such vessels could be observed only 
with difficulty. EDSMAN (1957) found pathologic vessels in 75 out of 80 cases of malignant 
renal tumors. Of the five without pathologic vessels, in nephrograms it could be demon
strated that in three cases the growth was a solid tumor of irregular outline against the 
renal parenchyma and that in one case there were no pathologic vessels and no accumu
lation of contrast medium. The latter case was therefore diagnosed as cyst. The fifth 
case was a very small tumor described as being of the size of a coffee bean, situated corti
cally and found accidentally at operation on the kidney. 

In our material presented by FOLIN (1967), in 135 patients of whom 58 were examined 
with aortic injection and 92 with selective technique, a moderate or large number of tu
mor vessels were found in 81 % at aortic and in 93 % at selective examination. In five 
patients no tumor vessels were seen at aortic injection. Two of these cases were also exa· 
mined with selective technique, whereby tumor vessels were demonstrable. 

Occasionally in addition to a selective angiography of a kidney with tumor, it may be 
advisable also to perform aortic angiography in the same session, in order to fill all arteries 
contributing to the feeding of the tumor, thus giving complete information concerning 
the size and spread of the tumor. 

Pharmaco-angiography: In connection with angiography, enhancement of findings 
of pathologic vasculature may be achieved and subliminal symptomatology may be tran
scribed into well detectable signs by use of certain drugs (as described previously). 

BILLING and LINDGREN (1944) described the appearance of the arteriogram on the 
basis of post mortem angiography and patho-anatomic examination of 14 kidneys with 
renal carcinoma. The appearance of the arteries differed markedly from the normal pat
tern, and the branches anastomosed richly. Otherwise normal branches of the renal artery 
terminated in aneurysm-like dilatations giving off several pathologic twigs. The widest 
pathologic vessels were barely 4 mm in diameter. The irregular caliber and course of the 
vessels is due to the fact that pathologic vessels have no elastic lamellae, which are always 
present in dislocated but otherwise normal vessels. 

In the nephrographic phase the tumor may be well outlined against non-affected 
renal parenchyma, especially if the tumor is small and encapsulated. The border towards 
normal parenchyma is more often irregular, however. The renal parenchyma is occasion
ally totally replaced by tumor tissue. Only four out of 125 tumors reported by Folin 
were well outlined against the renal parenchyma in the nephrographic phase. 

A filling of the renal vein is obtained in the venous phase of angiography. The renal 
vein may fill earlier than normally in the presence of much pathologic vasculature and a 
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Fig. 146. a) Large renal carcinoma with very low vascularity. Only a few pathologic vessels in cranial part of 
tumor. b) Nephrographic phase: tumor is irregularly outlined against normal renal parenchyma 

Fig. 147. Large renal carcinoma with low vascularity. Tumor is poorly outlined against renal parenchyma as 
compared with a cyst. a) Arterial phase. b) Nephrographic phase 

b 
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b 

Fig. 148. Richly vascularized metastases. Cerebral metastases from renal carcinoma diagnosed by angio
graphy: a) Carotid angiography: one tumor in frontal lobe. b) Vertebral angiography: one tumor in occipital 

lobe 

correspondingly great number of arteriovenous fistulae. Full filling of the vein excludes 
tumor thrombus, whereas non-filling may be due to thrombus or to insufficient amount 
of contrast medium injected. A thrombus may be seen directly as a filling defect in the 
vein. It may also be diagnosed indirectly as non-filling of the vein but filling of collateral 
veins (Figs. 142-143). Since nonfilling of the vein may be due to an insufficient amount of 
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contrast medium, injection of a large amount of contrast medium (for example 25 cc) into 
the renal artery as the final part of the angiographic procedure is made in patients in 
whom a firm diagnosis of renal carcinoma is established during angiography. If the vein 
is patent, it fills well and can be studied in detail. 

Other types of malignant tumors show essentially the same characteristics as renal 
carcinoma (see Fig. 158). 

Avascular tumors can offer differential diagnostic difficulties because the most char
acteristic feature, i. e. pathologic vessels, is missing (ABOULKER, 1955; OLLE OLSSON, 
1956; MAC QUET et al., 1957 (Figs. 144-147). LINDBLOM and SELDINGER (1955) described 
huge avascular malignant renal tumors in three of 16 cases. Some authors claim that 
renal angiography is a less reliable method for demonstrating renal tumor because of 
the frequently poor vascularization of such tumors. This view is incompatible with our 
experience. We have found that pathologic vessels are common, that even in the presence 
of massive necrosis part of the tumor shows pathologic vessels, and that even a poorly 
vascularized tumor will not produce angiographic changes of the type that is most cha
racteristic of cyst (see below). Small tumors of clinical significance have pathologic vessels 
and in these cases renal angiography is sometimes the only diagnostic method capable 
of yielding information (see Fig. 161). There is statistical significance in the relation between 
vascularity of renal carcinoma and the degree of malignancy. Highly vascularized tumors 
usually have a low degree of differentiation, whereas tumors with poor vascularity are 
highly differentiated (ALMGARD et al., 1972). 

The angiographic findings will, of course, vary largely with the technique used. EDS
MAN points out that, as a rule, pathologic vessels are observed only in the arterial and in 
the early nephrographic phase and this phase thus must be well represented in the angio
graphic series. In addition, the dose of contrast medium used must be of suitable size and 
concentration to secure a good filling of the arteries and suitable density of the nephro
gram. Most important, however, is the use of a selective angiographic technique avoiding 
superimposition of irrelevant vessels. A good technique, i. e. good selectivity and timing, is 
necessary for full utilization of the possibilities of angiography to diagnose malignant renal 
tumors. 

Perusal of the literature and the descriptions of accompanying illustrations will show 
that the technique employed often leaves much to be desired. One might even go so far 
as to say that many of the examinations referred to in the literature are not worthy of the 
name renal angiography. Often they do not represent a roentgen examination but simply a 
roentgenogram and often a very inconclusive one. In my opinion, this is the most impor
tant reason why many authors underestimate the value of renal angiography in the diagno
sis of tumors. It should therefore be stressed once more that the value of renal angiography 
depends on the technique employed. In other words, full utilization of the possibilities of 
angiography requires that the examiner be thoroughly familiar with all types of angio
graphy. 

It must be pointed out on the other hand that in a small number of cases it is impossible 
at renal angiography to demonstrate pathologic vasculature. In some cases, also, the tumor 
in the nephrographic phase is very well outlined and has an even contour. In such cases 
the differential diagnosis between tumor and cyst is angiographically impossible. Puncture 
of the expansivity in such cases must be performed (see below discussion on differential 
diagnosis between tumor and cyst). 

In order to try to find means of increasing diagnostic stringency in renal tumors we 
have started angiographic experiments in animals with tumors induced by dimethylnitros
amine (EKELUND and JONSSON, 1971). This will make possible closer studies of pathologic 
vasculature and influences on this vasculature. The drug-induced tumors represent diffe
rent histo-pathologic types from well differentiated tumors to anaplastic tumors. In this 
respect they resemble tumors encountered at clinical angiography. 
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d) Phlebography 

Renal carcinoma has a tendency to invade the renal vein. Occasionally tumor growth 
and thrombosis are so massive as to cause stasis in the region drained by the inferior 
caval vein. This may occasionally dominate the clinical picture to such an extent as to be 
the indication for roentgen examination with the discovery of the renal tumor as a conse
quence. 

In complete obstruction of the inferior caval vein at phlebography the normal filling 
of the vein is missing and a filling is obtained of the usually numerous collateral veins in
stead. If obstruction by thrombosis is not complete, the vein may be dilated distally, 
but it may also be distended by the tumor masses. These appear as massive, well 
circumscribed filling defects which may assume considerable dimensions. The tumor may 
have grown along one of the walls of the vein and obstructed a fair length of the lumen. 
Small changes will produce well defined filling defects caused by protuberances encroach
ing upon the lumen of the renal vein or from the renal vein into the caval vein (Fig. 143). 

The actual tumor or metastases to the lymph nodes may displace or compress the renal 
veins and/or the caval vein. 

e) N ephrotomography 

EVANS et al. (1954) have described the following technique "providing precise de
lineation of functioning renal parenchyma": 

"1. The patient is positioned supine on a roentgenographic table equipped for tOlllO
grams. 

2. Preliminary plain films and tomograms are obtained, to be used as control films 
and to check the roentgenographic technique. 

3. A 12-gauge Robb-Steinberg angiocardiographic needle is inserted into an ante
cubital vein. 

4. Arm-to-tongue decholin circulation time is determined by employing the same 
injection technique as for the contrast substance. 

5. Prior to the injection of the urokon, it is advisable to rehearse the injection with 
the patient and warn of the sensations to be expected, so that there will be no movement 
or breathing during the exposures. We feel that sensitivity testing is of little value. This 
opinion is based on a very extensive angiocardiographic experience in our department 
and the survey on angio-cardiographic mortality conducted by DOTTER and JACKSON. 

6. With the roentgen tube in mid-position, 50 cc of urokon sodium 70% is rapidly 
injected (in 1.5 to 2 seconds) into the abducted arm. A film is then exposed at the pre
determined circulation time. The first roentgenogram will demonstrate the renal arteries. 
This is followed as rapidly as possible by a second filII!- which secures the nephrogram. 
Immediately after the second exposure a tomogram is obtained. The elapsed time between 
the first exposure and the completion of the tomogram should not exceed 25 seconds. 

7. After inspection of the films, a second injection may be considered necessary. 
A repeat circulation time is advisable before the second injection because we have 
found that the circulation time is delayed after the first injection, presumably due to an 
increase in the peripheral resistance. If this is not done, opacification of the abdominal 
aorta and renal vessels will not be secured." 

The method is called nephrotomography. The same authors in 1955 published the 
results of 100 examinations with this method. The material included 32 solitary cysts 
of the kidneys, of which 30 were proven surgically, and 11 renal carcinomas, all but one 
confirmed. The surprisingly great number of operated cysts can be explained by a slight 
unreliability of the method expressed in the summary: "Cysts can be diagnosed with 
relative certainty .... ". Further results with nephrotomography are discussed in the 
section on roentgendiagnostic differential diagnosis in expansive lesion. 
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Fig. 149. Local recurrence of operated renal carcinoma. Tumor tissue richly vascularized, like original tumor 

a b c 

Fig. 150. Renal carcinoma with implantation metastases in ureter. a) Urography: Besides deformation of 
kidney pel vis with flattening (seen better in other proj ection) there are two sessile papilloma-like tumors in upper 
part of ureter. b) Pyelogram of specimen. c) Specimen: Tumor in parenchyma. Implantation metastases in 

ureter. Histology: Papillary metastases of renal carcinoma 
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f) The growth of renal carcinoma 

The growth of a renal tumor is demonstrable in cases that have for some reason or 
other not been operated upon. The growth process varies widely from case to case. JOHNS
SON (1946) described four cases examined during expectancy. In one case the tumor grew 
only 3 cm in diameter in the course of five years but retained its round shape and was well 
defined. After an additional five years the patient was examined again but not operated 
upon. The tumor had now broken through the capsule, invaded contiguous tissue and 
metastasized to the lungs. In another case where examination was repeated after an 
interval of one year, an increase in diameter of only 0.5 cm was demonstrable and the 
tumor was well defined. Two other patients were re-examined after eight and five months, 
respectively, but no further roentgenologic changes could be demonstrated. Many cases 
show rapid progress, however, We have seen a case from another hospital where a renal 
carcinoma had been examined repeatedly without its nature having been detected. At the 
first examination the tumor was small and contrast excretion was adequate. Two months 
later the growth had increased in size and the excretion of contrast medium was delayed. 
Another six months later the patient came to our hospital. At that point the tumor was 
very large and the kidney no longer functioning. These cases stress the fact that expectancy 
is not justified in the differential diagnosis between malignant renal tumors and benign 
lesions. A renal tumor may show only very slow progression and be encapsulated for a 
long time. However, when the tumor breaks through the capsule and appears in the 
roentgenogram as a definite tumor, an invasion has started. The change that makes the 
differential diagnosis possible by expectancy thus means a worse situation for the 
patient. 

Although regressive changes are common in tumors, I have observed in only one single 
instance a renal carcinoma decrease in size. 

g) M~(ltiple tumors 

(Figs. 151-153) 

Renal carcinoma is occasionally bilateral. BAILEY and YOUNGBLOOD (1950) described 
such a case and referred to 11 others from the literature. They stated that it is not possible 
to decide whether each tumor is primary or whether one tumor is a solitary secondary 
growth. 

Multiple dissimilar tumors occasionally occur in one and the same kidney. Most of 
the cases on record, however, were probably not dissimilar but represented different 
patho-anatomic evaluation of different parts of one and the same tumor arising from the 
same mesenchymal tissue but differentiated to a varying extent in different parts of the 
tumor. Co-existence of malignant and benign tumors and of tumors of the renal parenchyma 
in association with tumor of the renal pelvis has also been described. A survey of cases 
of this type has been given by PENNISI et al. (1957). 

Co-existence of tumor and cyst is not uncommon (Fig. 152). 

Multiple expansivities, unilateral or bilateral, are found occasionally at roentgen ex
amination. This is characteristic of polycystic disease bilaterally and of multicystic disease 
unilaterally. It is well known that embryo blastoma may be bilateral. 

We have also encountered other types of multiplicity: simple, single cyst may be 
multiple. I have seen a patient with hematuria in which at urography an irregular expan
sive lesion was found in the upper part of the right kidney. Because of the irregularity, 
the lesion was assumed to be a renal carcinoma. At angiography, however, it was shown 
that the expansivity consisted of two adjacent simple cysts. The hemorrhage was caused 
by an arterial aneurysm with a small rupture in its wall. Another combination encoun
tered is hemangioma and carcinoma in the same kidney. 

13 Handbnch der med. Radiologie, Bd. XlIII 1 
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a 

b c 

Fig. 151. Bilateral renal carcinoma. a) Urography: expansivity in lower medial part ofleft kidney and in middle 
of right kidney. Selective angiography: b) left: renal carcinoma in lower kidney pole; c) right: large renal 

carcinoma 
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a 

b 

Fig. 152. Multiple expansivities, renal carcinoma on right side, renal cyst on left. a) and b) Urography in different 
projections: a slight expansivity can be noted on left side with distention of lower branch. No expansivity is 
seen on right side. c) Angiography, left side: corresponding to expansivity, well defined cyst in lower hilar lip. 
d) right side: small renal carcinoma laterally below middle of kidney. No influence on renal contour or on renal 

pelvis 

Multiple carcinomatous tumors are rare. In our material we have had one case with 
two tumors in one kidney, one case with bilateral renal carcinoma, and one case with a 
renal pelvic carcinoma in one kidney and a renal carcinoma in the other. Carcinoma in 
one kidney and cyst in the other can be encountered. We have also had several cases with 
carcinoma and one or more simple cysts in the same kidney. Changes were well demon
strable at angiography in one patient who was found to have in the same kidney a renal 
carcinoma, a simple cyst, and a multilocular cyst. 

13* 
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Fig. 152 c Fig. 152 d 

a b c 

Fig. 153. a) Multiplicity of renal tumor. Left side, renal pelvic carcinoma. Note normal vasculature at angio
graphy, filling defect in lower part of kidney pelvis. b) and c) Right kidney, angiography in nephrographic 
phase in each of two renal arteries: In upper hilar lip: renal carcinoma 2 em in diameter. Lateral part of tumor 

is filled from one of two renal arteries, the medial part from the other renal artery 

Multiple pathology of other types may also be mentioned here. Naturally a kidney 
harboring a carcinoma or a cyst may be pyelonephritic and show changes characteristic 
of both at urography or angiography. Renal carcinoma and cyst with renal arterial aneu
rysms or with hemangioma in the same kidney are also included in our experience. 
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2. Malignant renal tumors in children 

Renal carcinoma is not strictly limited to adults. In the material of Riches et al. 
referred to above, the youngest patient was 11 years old. Cases of renal carcinoma in child
hood have also been described by HEMPSTEAD et al. (1953), BEATTIE (1954) and POOLE 
and VIAMONTE (1970), for example. 

The most common malignant renal tumor in childhood is that usually known as 
Wilms tumor after Wilms, who was the first to give a detailed description of this 
previously unknown tumor in 1899. The tumor is known under various other names such 
as adenosarcoma, adenomyosarcoma, dysembryoma, but it is usually called embryoma 
or nephroblastoma. Half of the cases occur in children between the ages of two and four 
years. Occasionally the tumor is present at birth. SALLER described such a case in which 
the new-born had not only such a tumor but also metastases and LATTIMER et al. (1958) 
reported nephrectomy in a four-day-old infant. The tumor can be of roentgen-diagnostic 
interest during the prenatal period; tumors of this type have often been observed at 
autopsy of fetuses. They are known to be a cause of dystocia. 

The kidneys are the most common seat of tumors in children, apart from the eyes. 

Tumors of the embryonal type, as pointed ou t by DEUTICKE (1931), for example, 
have been known to occur in several members of the same family. 

The embryoma usually metastasizes to the liver and lungs but not to the skeleton. It 
may also spread to the other kidney. Large space-occupying processes are then seen in 
both kidneys. A case of this type has been described by AGERHOLM-CHRISTENSEN (1939) 
in an 8 month old child. True double-sidedness may also occur (CAMPBELL, 1948) (Fig. 
152). In such cases it may not be possible to distinguish it roentgenologically from poly
cystic kidney at urography. 

Since the tumor appears at such an early age, the diagnosis is usually based on ob
jective findings. Haematuria is rare, and the patients are usually referred for roentgen ex
amination because of a palpable tumor. 

a) Plain roentgenography 

By the time the patient is referred for roentgen examination the tumor is, as a rule, 
large, irregular, and often not well outlined. Smaller, well defined tumors are also seen, 
however. The tumor often contains irregular calcifications which may be limited to a 
small part of the tumor or may be scattered throughout the entire growth. 

b ) Urography, pyelography and angiography 

At urography/pyelography deformation is seen of essentially the same type as that 
in renal carcinoma in adults (Fig. 154). 

In the differential-diagnosis hydronephrosis and polycystic kidney (which may also 
occur in children) are particularly important, also extrarenal expanding processes such as an 
enlarged spleen. The most important lesion from a differential diagnostic point of view, 
however, is another growth, namely sympathico-blastoma. If the growth contains calcifi
cations, the differentiation between these two types of tumor is particularly difficult. 
Sympathico-blastoma, in contrast to embryoma, often metastasizes in a typical way to 
the skeleton. The tumor vascularity, the type of pathologic vasculature, and the irregular 
and indistinct definition of the tumor in relation to the surrounding renal parenchyma 
are essentially the same as in renal carcinoma. The vasculature, however, may appear to 
be somewhat different from that found in malign tumor in adults, as has been stressed 
by MENG and ELKIN (1969). The important aspect, however, is that in nephroblastoma 
examined angiographically tumor vessels of different degrees have been found. 
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b c 

Fig. 154. Embryoblastoma in 14-year-old boy. a) Urography: right side normal. No contrast excretion on left 
side, where a large mass can be seen. b) and c) Renal angiography: b) Arterial diastole; c) Arterial phase, next 
systole: Marked displacement of intrarenal vessels around a huge tumor . Numerous pathologic vessels. Vascular 

changes of same appearance seen in renal carcinoma. 
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3. Other types of malignant tumor 

Other types of malignant tumor in the kidney are rare. Sarcoma is occasionally seen. 
The specific type of Kaposis sarcoma may affect the kidney as a part of a systemic disease. 
Usually this tumor is localized to the skin. 

Lymphoma may affect the urinary tract. LALLI (1969) reviewed nearly 3,000 necropsy 
reports and found 96 lymphoma cases, of which 50 showed evidence of urinary tract 
involvement. Such involvement occurs during the terminal stages of the disease, with 
lesions which are usually too small to be found roentgenologically. If the infiltration is 
marked, a general enlargement of the kidney is more usually seen than a localized mass. 

The angiographic findings in lymphoma consist sometimes of pathologic vasculature 
and rapid arteriovenous shunting (SELTZER and WENLUND, 1967; OHIO and KOHLER, 
1969), but often only displacement and stretching of arteries may be seen. The renal in
volvement can also be studied by lymphangiography. 

Renal involvement by reticulum cell sarcoma (Fig. 158) and lymphosarcoma and by leu
kemia is more common. The renal infiltration causes increase in the size ofthekidneys. At uro
graphy the calyceal system usually has normal shape. In children the infiltration may be 
irregular, causing displacement of calyces of a type seen in polycystic disease (TRUOKEN
BRODT, 1971). 

In thalassemia major without urinary tract symptoms, the kidneys are evenly enlarged 
bilaterally, which is caused by tubular dilatation (GROSSMAN et al., 1971). 

The kidney may occasionally be the target organ for ml3tastases of malignant tumors 
from outside the urinary tract (AGNEW, 1958). Metastases are said to be extremely un
common (Roy and WALTON, 1970) but BOSNIAK et al. (1969) found them to be common. The 
latter authors report on four cases of metastatic neoplasm which presented as a single 
large renal mass. The primary lesions were epidermoid carcinoma of the lung in two cases, 
myxolipous sarcoma of the leg in one case, and corium carcinoma in one case. All of the 
cases presented angiographically with low vascularity without definite tumor vessels but 
with infiltration of some arterial branches. The tumors were not well outlined against the 
surrounding renal parenchyma. 

4. Metastases from renal carcinoma 

Renal carcinoma may metastasize anywhere in the body. Occasionally the metastasis 
is the lesion which is first diagnosed when, for example, a pathologic fracture brings the 
patient under medical observation. The primary tumor may be too small to be diagnosed 
urographically but can be seen angiographically. 

Local metastases around the kidney in the perirenal tissue and in glands can also be 
studied angiographically, specifically tumor recurrence after nephrectomy. 

In findings of suspected metastases in the chest the kidney should be suspected as an 
origin of primary tumor and the hilar lesions as metastases, particularly if a glandular 
mass is found in a lung hilum. Skeletal and cerebral metastases should also direct the 
examiner's attention to the kidneys as a possible source of primary tumor. This also holds 
in cases of unexplained fever, particularly periodic fever, and polycythaemia. Metastatic 
growths from renal carcinoma are often characteristic, with large arterio-venous 
fistulae like those in many of the primary tumors. They are therefore well demonstrable 
by angiography (Fig. 148, 149). This applies to local metastases in lymph nodes and retro
peritoneal tissue, lung metasta§les and cerebral metastases and also to the rare metastases 
from a renal carcinoma to the homolateral and heterolateral adrenal. 

A renal carcinoma may, although rarely, metastasize to the ureter (Fig. 150) or the 
urinary bladder and produce symptoms simulating a bladder tumor. 
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5. Benign renal tumors 

(Figs. 155-158) 

Benign renal tumors of clinical interest are rare. As a rule, these tumors are small 
and are nearly always found accidentally on patho-anatomic examination of a kidney 
removed for some other reason or on routine pathologic examination of the kidneys at 
autopsy. The above mentioned material by RICHES et al. consisting of 2,314 cases of renal 

a 

Fig. 155. a) Large hamartoma of right kidney. b) Large lipoma, left kidney. c) Urography. d) Angiography 

and ureteric tumors included only 12 benign tumors of the renal parenchyma, namely 
5 adenomas and 3 haemangiomas. In 1956 ~FOSTER reported that a perusal of the literature 
on all benign kidney tumors large enough to be of clinical significance revealed a total 
of 135, namely 57 adenomas, 24 lipomas, 22 myomas, 17 fibromas, seven angiomas and 
eight mixed tumors. Occasionally, however, an adenoma may have the same type ofpatho
logic vasculature as that in some renal carcinomas. Actually, patho-anatomic differen
tiation between a small renal carcinoma and an adenoma is a semantic problem! 
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Fig. 155 b 

c 
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The majority of benign tumors of the renal parenchyma are adenomas, as seen above. 
Small solitary cortical adenomas are common in arteriosclerotic kidneys (TWISS, 1949), 
but they are of no roentgen-diagnostic interest. Like some fibromas, lipomas and mixed 
tumors, adenomas can be demonstrated by plain roentgenography and urography or 
pyelography. The findings are the same as in a well outlined renal carcinoma (BAUER et al., 
1958). The adenoma usually appears in the angiogram as an avascular tumor which cannot 
be distinguished from a well demarcated avascular renal carcinoma. Adenomas increase in 
size very slowly. MISHALANY and GILBERT (1957) described a case of probable ossified 
cortical adenoma which simulated hydatid cyst in the plain roentgenogram and in the 
pyelogram and which was therefore diagnosed as such. MEISEL (1954) described a case in 

a b 

Fig. 156. Angiolipoma ofleft kidney. a) Urography: slight irregularity in lower kidney pole, left. b) Angio. 
graphy: irregular vascularity in lower kidney pole-tumor. Impossible to exclude malignancy. Patho·anatomic 

diagnosis = angiomyolipoma 

which both kidneys were studded with small adenomas so that the pyelogram simulated 
that of a polycystic kidney. 

In the Pringle syndrome of adenoma sebaceum, teleangiectases in the face, and subun
gual fibroma and pigment nevi, a combination with tuberous sclerosis is common. There
fore adenomas in the kidney may be found also in Pringle's syndrome (DEININGER and 
TRAPP, 1971). 

Fibromas are usually very small but may sometimes be very large. Thus FOSTER 
(1956) described a case of a tumor in an 8 year old child in whom the tumor weighed 43 
pounds while the patient together with the tumor weighed 94 pounds. 

The fairly uncommon lipoma must be distinguished from such conditions as re
placement lipomatosis (see chapter L). Lipomas are true tumors and often appear as 
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mixed tumors, angiomyolipomas, so-called hamartomas, fibromyxolipomas, etc. Angio
myolipoma is the most important benign tumor from the point of view of roentgen-diag
nostics and differential diagnostics. This tumor can be of two different types: one is hamar
toma in connection with tuberous sclerosis, usually small, multiple tumors situated 
anywhere in the body, for example in the brain, the heart, or in the kidneys. At angio
graphy a pathologic vasculature is seen which is not definitely distinct from that seen in 
some cases of renal carcinoma. The vessels in the tumor also respond to epinephrine in the 
same way as tumor vessels in renal carcinoma (PALMISANO, 1967). Eighty percent of pa-

a b 

Fig. 157. Angiomyolipoma. Very large irregular tumor in left kidney. Angiography: normal kidney parenchyma 
is seen only as a cap on left kidney. In remainder of kidney: pathologic vasculature in a huge tumor. Vasculature 
differs from what is usually seen in renal carcinoma. Patho-anatomic diagnosis: angiomyolipoma. a) Arterial 

phase. b) Nephrographic phase 

tients with tuberous sclerosis are said to have renal tumor of this type. The term 
"disseminated hamartosis" has been used to describe this type of tumor. The other type 
is the isolated angiomyolipoma which has a tendency to arise multifocally, however, 
and is occasionally bilateral (BECK and HAMMOND, 1957; TAYLOR and GENTERS, 1958; 
ALLEN and RISK, 1965) and often calcifies. WEAVER and CARLQUIST (1957) described 
such a growth in a 12-year-old girl. The tumor was twice as large as the actual kidney 
and had a circumscribed protuberance growing into the renal pelvis. The tumors sometimes 
become malignant and then resemble renal carcinoma roentgenologically. In plain roent-
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genography these lipomatous tumors do not differ from any other expanding process, 
such as a circumscribed renal carcinoma. Only if the growth is very large and contains 
calcifications, as in tuberous sclerosis, or if it has a high fat content diminishing the den
sity, can it be diagnosed as a lipoma. Fat is actually in some instance the general and 
predominant content of the tumor. This may give the tumor a particular appearance in 
plain films, with low density of the entire tumor because ofthe distribution offat throughout 
the mass (ADELMAN, 1965, KEATS and SECHNIANA, 1968). A case with tuberous sclerosis 
and multiple hamartomas in the kidneys and in the liver is reported by KAUDE and 
CHANG (1971). 

Mention should be made here of Lindau-von Hippel disease in which, in addition to 
angiomatous lesions of the cerebellum, cysts may be found in the pancreas, liver, and kid-

:Fig. 158. Huge tumor in right kidney. Angiography: pathologic vasculature is seen, coming mainly from widened 
pelvic and ureteric arteries. Vascularity differs from that seen in renal carcinoma. Patho·anatomic diagnosis: 

reticulum cell sarcoma 

neys and in which solid tumors, benign or malignant, in the kidneys may occasionally be 
part of the syndrome (MALEK and GREENE, 1971). 

A very rare renal tumor which may assume a considerable size is neurinoma, also 
known asschwannoma, neurilemmoma or neurofibroma (PHILLIPS and BAUMRUCKER, 
1935). Another very rare tumor is osteoma consisting of spongy bone. It resembles a cal
culus or any type of parenchymal calcification (CALDERON et al., 1965). 

Hemangiomas are very rare. BELL (1938) reported that he found only one case of 
hemangioma in a total of 30,000 autopsies. Hemangiomas vary in dimension: they may 
be very minute or up to more than one dm in diameter. Hemangiomas are usually cavern
ous but may also be capillary. They are sometimes bilateral and can become malignant. 
A survey of the cases on record in the literature has been made by WALLACH et al. (1959). 
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The diagnosis is not specific. A haemangioma may cause a slight displacement of parts 
of the kidney pelvis, as occurs in any other type of expansive lesion. At angiography the 
irregular vasculature and early filling of wide, irregular veins are findings characteristic of 
haemangioma. (See chapter on renal vascular lesions). 

Mention can be made here of the extremely rare cholesteatoma in the kidney, usually 
in a pyonephrotic renal pelvis. The renal parenchyma may also be invaded, however. 
Cholesteatoma is associated with extensive leukoplakia. It is not a true tumor but part of 
a chronic pyelonephritis (KARKSKY et al., 1962). 

A case of multiple eosinophilic granuloma with a well circumscribed expanding pro
cess in one kidney was described by AHLSTROM and Welin (1943). The tumor was believed 
to be a granuloma in the kidney. Verification was not available at the time of publication. 
Later pathologic examination of the growth in the kidney, however, has shown it to be a 
simple cyst. There are also pseudotumors of the kidney, for instance bleeding which is 
occasionally seen secondary to anti-coagulant therapy (SURTOKMIYA and LEDDING, 
1967). This is mentioned here because of aspects relating to differential diagnostics. 

6. Roentgenologic differential diagnosis in expansive lesions 

The correct roentgenological diagnosis of a renal carcinoma is extremely important 
for a specific reason: good late results of nephrectomy for carcinoma are directly related 
to the possibility of nephrectomy en bloc. ROBSON (1963) relates the operative prognosis 
for renal carcinoma to five factors and/or a combination of these: 1) involvement of ad
jacent structures by direct extension, 2) presence or absence of distant metastases, 3) in
volvement of regional lymph nodes, 4) gross invasion of the renal vein or its main branches, 
5) pathologic grade of the tumor. Rational surgical approach offers a significant improve
ment in survival rates. This involves removal of the renal tumor en bloc with the lympha
tics. VI AHLQVIST (1969) stresses this further. He advocates that, in view of the risk of man i
fest tumor spread, primary operation for renal carcinoma should comprise the kidney 
with the primary tumor, homolateral suprarenal gland, perirenal fat, retroperitoneal 
lymph nodes along the aorta and inferior vena cava, as well as along the homolateral 
common iliac vein and artery. 

Operation with removal of the tumor and adjacent tissue en bloc means that the preopera
tive diagnosis must be clear-cut. Exploration of any kind with dissection for inspection and 
palpation will diminish the patient's chances of long-time survival. 

This need for a correct preoperative diagnosis places a great responsibility upon the 
roentgenologist. Three main types of examination methods are at his disposal for 
diagnosis and differential diagnosis: the basic type consisting of plain films of the 
urinary tract together with urography or pyelography, nephrotomography and renal angio
graphy. 

The answer to the question as to how the first method (plain films and urography /pyelo
graphy) fills the requirements is as follows: JOHNSON in 1946 reported on our material 
of roentgen examination in 84 cases of verified renal carcinoma. There were roentgenolo
gically demonstrable remote metastases in 26 cases, definite signs of tumor, for example 
infiltration by the tumor of the wall of the kidney pelvis, in 28 cases. This means that 
out of the 84 cases, 54 could be diagnosed definitely as tumor at roentgen examination 
with urography. Thirty cases could be diagnosed only as expansive lesions and the de
finite diagnosis of carcinoma was not made until exploratory operation. In an additional 
48 cases an expansive lesion was diagnosed which clinically was believed to be a cyst and 
the patient was not operated upon. A check of 38 of these cases within 10 years after ope
ration revealed that 17 had died, of which six had a definite autopsy diagnosis of renal 
carcinoma. This demonstrates that urography is by far not sufficient for roentgenologic 
diagnosis and differential diagnosis of expansive lesions of the kidney. 
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Expectancy at check examination is an unacceptable method because the signs 
definitely expected to support the diagnosis of malignancy are at the same time signs of 
increased tumor spread. 

Exploration is not an acceptable method because, as mentioned above, late operative 
results in renal carcinoma are directly related to the operation method. Nor is explora
tion acceptable in cases of cyst: KROPP et al. (1967) report on a review of 126 consecutive 
adult patients subjected to exploration within a ten-year period for presumed renal mass 
which proved to be cystic. There were two post-operative deaths giving a mortality rate 
of 1.6 %. Operational complications were present in 38 cases and it was necessary to 
perform nephrectomy in two cases! 

It must be pointed out that in several cases of renal carcinoma the tumor is not 
large enough to cause changes observable at urography and that anatomic variations in the 
shape of the pelvis may in some instances lead to a wrong diagnosis or suspicion of expan
sivity. 

Nephrotomography has been used in order to increase the possibilities of roentgen diag
nosis and differential diagnosis. Through this procedure malignancy can be demonstrated 
in many instances. No differential diagnosis will be arrived at in a great many cases, how
ever. WITTEN et al. in 1963 reported the use of nephrotomography in its most important 
application, which is to distinguish renal cyst from renal neoplasm. The authors make it 
emphatically clear in their conclusions that surgical exploration is not to be abandoned in 
questionable cases (" '" indeed, we employed this device in 82 of our 330 cases, including 
seven in which both nephrotomography and renal exploration revealed normal kidneys.") 
This is a good illustration of the unreliability of nephrotomography. 

The better method is renal angiography. This method is available in two variations: 
aortic renal angiography and selective renal angiography. The results of renal angiography 
in the diagnosis of renal carcinoma have been reported above. The crucial point in the 
angiographic diagnosis is the demonstration of tumor vessels. As mentioned above, the 
renal carcinoma, small or large, usually has an abundance of tumor vessels. In a certain 
percentage of cases, however, tumor vessels are few or entirely absent. Such a tumor 
may cause diagnostic difficulties because it may be diagnosed as a cyst, which is, of course, 
a very serious mis-diagnosis. 

In the chapter on angiography in tumor, some statistical hints have been given as to the 
frequency of low vascularity in the tumor, or the absence of vascularity. The finding for 
the individual patient, however, is the important thing. In our material of renal carcinoma 
(FOLIN, 1967) only one patient had no demonstrable tumor vessels at selective renal angio
graphy. Later we have experienced another 3 cases. MEANEY (1969) reports that out of 
497 non-selective examinations because of renal masses, 10 cases of malignant tumor were 
incorrectly diagnosed, eight cases as renal cysts. Our material is represented in the follow
ing table (FOLIN, 1967): 

Table. 4. Angiography in renal carcinomas 

jrenal carcinoma 
135 adrenal carcinoma 

probable cyst 
no tumor 

129 
2 
2* 
2** 

* Unsuccessful examination. Therefore immediate puncture: Tumor. 
** Tumor 1 em in diam. in kidneys destroyed by pyelonephritis. 

In no case delay in operation because of angiography. 

Although through the use of selective renal angiography, in the great majority of 
cases, diagnosis of an expansive lesion definitely can be made as tumor, it is important that 
in any case where the slightest doubt is present, puncture should be performed. 
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In the differential diagnosis between malignant and benign tumor with high vascu
larity, HARTEL et al. (1973) find the positive diagnosis of benignity of a tumor possible: 
in benign tumors there are no intratumoral shunts and never an invasion of the venous 
system. In some cases it may be possible to diagnose the tumor as benign and thus indicate 
resection instead of nephrectomy. OWMAN (1973) refers to previous papers on the possibility 
of a differential diagnosis between renal carcinoma and angiomyolipoma. On the basis 
of five own cases with very marked variation in tissue types within the tumor, a real differ
ential diagnosis was not possible on the basis of the angiographic characteristics. 

Other expanding processes involving the kidney may be of varying origin. They may 
be due to changes in the actual kidney or to pararenal or extrarenal processes. Splenomeg
aly, a conglomerate of lymph nodes, and various types of retroperitoneal tumors and ab
scess from spondylitis are examples of extrarenal processes capable of simulating a space
occupying process in the kidney. The kidney may be markedly displaced or deformed by 
such a process. Urography, pyelography and angiography, in a combination chosen accord
ing to conditions in a given case, can always solve the problem and decide whether or not 
such an expanding process is extrarenal. 

Processes with a pararenal position may be difficult to distinguish from expanding 
renal processes. In plain roentgenography and urography, inflammatory pararenal processes 
may resemble renal tumors. Paranephritis often originates from a renal carbuncle,which 
is itself a space-occupying intrarenallesion. Even without such expansiveness paranephritis 
may be so local as to simulate a space-occupying lesion in the kidney. Pararenallipomas, 
solitary or multiple, can as a rule be readily identified. Pararenal sarcoma is often not well 
outlined against the kidney, but the border of the kidney can be recognized in angiograms 
since the vessels are of normal appearance within the kidney, which is well defined in the 
nephrogram, while pathologic vessels are located outside the kidney. Adrenal tumors 
often stand out distinctly against the kidney, which is often deformed in a characteristic 
way by such tumors, i. e. with a flattened upper pole in which an impression is occasionally 
also made by the tumor, which, in addition, displaces the kidney caudally. The outline is 
occasionally less clear, however. Angiography decides the diagnosis except in a few cases 
in which the patho-anatomic diagnosis is sometimes also doubtful. 

Intrarenal expanding processes may consist of tumors of different types, cysts, partial 
or total hydronephrosis, or inflammatory changes. All of these possibilities should be borne 
in mind in the evaluation of the roentgen findings. Experience has shown that this applies, 
above all, to the differentiation between a tumor and a large hydronephrotic kidney. It 
also holds if the upper pole of the kidney is enlarged. It may be due to hydronephrosis of 
one of the renal pelves in a double kidney or to hydrocalicosis. If no excretion is seen during 
urography, renal angiography will clarify the situation. If one branch of the renal pelvis 
is occluded and the rest of the pelvis dislocated, the possibility of an inflammatory process, 
particularly tuberculosis, must be considered. Irregular calcifications in the occluded part 
seen in plain roentgenograms often suggest the diagnosis. 

Thorough differential diagnostic efforts are also called for in certain other lesions. 
VOEGELI (1971) in a study of our material of renal abscesses points out the difficulty in 
some cases of excluding the possibility of tumor in the vascular changes in a chronic ab
scess. This also holds for other chronic inflammatory lesions such as renal tuberculosis. 

7. General views on diagnostic difficulties in renal tumor 

It is evident from the above that the difficulties in diagnosing renal carcinoma are 
related to different conditions and are encountered at different levels of the diagnostic 
procedure. 

One difficulty has relation mainly to tumor size. In an autopsy material reported by 
WEHLIN it was found that renal carcinoma was diagnosed in 350 cases. Cases unknown 



208 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

a 

b c 

Fig. 159. Renal carcinoma affecting shape of kidney but not shape of kidney pelvis. a) Urography: expansivity 
in lower pole of right kidney. No displacement whatsoever of corresponding renal pelvis. b) and c) Angiography: 

well defined, r ichly vascularized carcinoma in caudal kidney pole 

before autopsy were 237. Urography had been performed in 42 of these, with negative 
results. It would appear that one explanation for this is that not enough attention had been 
paid to plain films and a study of the renal outline, small bulges having escaped detection 
(Fig. 159). The more important explanation may be the variations in anatomical shape 
of the renal pelvis. A small tumor may cause an impression in the renal pelvis that cannot 
be distinguished from a normal variation of the configuration. Another difficulty is that 
a normal variation of the anatomy of the kidney pelvis can have the same appearance as 
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a local deformation due to expansive lesion. Renal angiography in such a case is necessary 
and decisive (Fig. 160). 

Through wider use of renal angiography we encounter more and more cases of small 
renal tumors showing completely normal conditions at plain roentgenography and uro
graphy. 

Another difficulty faces us on a higher level: an expansive lesion is found but the nature 
of this lesion is misdiagnosed. The main problem in this connection is centered on angio
graphic symptomatology and differential diagnosis between tumor and cyst. The literature 

a b 

Fig. 160. Anatomic shape of kidney pelvis mimicking expansivity. a) Urography: middle and caudal calyces look 
impressed and extended. b) Selective angiography: nothing pathologic 

on this problem is abundant and partly - whether opinion is positive or negative-demon
strates incompetence in examination technique and principles. 

This is an important problem for competent and critical roentgenologists, however. 
MEANY (1969), for instance as mentioned above, thus reports four cases of renal carcinoma 
in which the tumor appeared angiographically to be identical with renal cyst. We have 
in our department continuously emphasised the necessity of using the best possible tech
nique for the examination, including selective examination, meticulous collimation, theneces
sary number of films of highest quality in correct angiographic phases, suitable variations 
in examination technique based on continuous study of the films during the actual examina
tion, and experienced study of the films with attention to every diagnostic detail. Never
theless, we will occasionally encounter a case where it is impossible definitely to make 
a differential diagnosis between tumor and cyst. We also advocate the rule of performing 
percutaneous puncture of every lesion which we diagnose as cyst. 

14 Handbuch der med. Radiolagie. Bd. XIII!1 
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8. Short summary of tumor diagnosis and differential diagnosis 

a) Plain roentgenography 

Tumors and cysts may closely resemble one another in both size and shape. Thus a 
round, well circumscribed space-occupying process may be due either to a cyst or a pseudo
encapsulated renal carcinoma. If the expanding process is irregular in outline, it argues for 
carcinoma. However, it should not be forgotten that on occasion cysts can be multiple 
and lie adjacent to one another and produce a polycystic border. 

a b 

Fig. 161. Anatomic shape of kidney pelvis suggesting expansivity. a) Urography: one calyx in upper part of 
kidney (see arrows) looks flattened. b) Angiography: nothing pathologic in region corresponding to the calyx 
mentioned above but well defined renal carcinoma below middle of kidney. No deformity of kidney pelvis in 

this region 

During expectancy both tumors and cysts may increase in size. If the outline becomes 
irregular during such expectancy, a tumor may be assumed. Unlike a tumor, a cyst may 
decrease in size or disappear entirely. 

Peripheral calcifications may be seen in cysts and in tumors. Central calcifications 
which, of course, cannot occur in a cyst, are not uncommon in tumors. Occasionally the tu
mor may show characteristic calcifications in the form of a calcium skeleton pathogno
monic of tumor. 

On examination of plain roentgenograms of the kidneys, attention must also be 
paid to the skeletal parts included in the films. If bone destruction is demonstrable, the 
space-occupying lesion in the kidney is a tumor. This also holds for other extra-renal 
metastases. 
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b) Pyelography and urography 

Most pyelographic changes are common to both tumor and cyst. A tumor can, however, 
be diagnosed with certainty if it has infiltrated part of the wall of the renal pelvis or if 
a tumor protuberance has grown into the renal pelvis. A calculus or a blood clot should 
not, however, be taken for such a protuberance. 

A tumor may interfere with the excretion of contrast urine during the examination. 
If the excretion is normal, it permits no decision as to whether the enlargement of the kid
ney is due to a tumor or cyst. If excretion is delayed or absent, it suggests a tumor. 

c) Puncture 

An expanding process can be punctured percutaneously. A cyst contains clear fluid. 
After aspiration of the fluid contents of the cyst or part of it, contrast medium can be 
injected and it can then be checked whether the contrast-filled cyst occupies the entire 
region of the space-occupying process. If the cyst fluid is blood-stained, or if the wall of 
the cyst is uneven, or if the cyst does not correspond to the entire space-occupying lesion, 
a tumor must be suspected. On injection of contrast medium into a tumor a filling will be 
obtained of the interstitial spaces. Such a filling can be so irregular as to permit a diagnosis 
of tumor, but it may cause diagnostic difficulties if the contrast medium is injected into the 
normal renal parenchyma outside the wall of a cyst. Puncture is therefore decisive only 
if it produces positive signs of a cyst. (Cyst fluid should always be sent for patho-anatomic 
examination for tumor cells as an extra precaution.) 

d) Renal angiography 

Most tumors show pathologic vessels. The outline of the expanding process is also 
often irregular. A cyst will produce a region free of contrast medium with a sharp border 
against normal parenchyma. In the free periphery of the cyst no vessels are seen. If the 
cyst is surrounded by renal parenchyma, the diagnosis may be difficult and the cyst 
therefore not easy to distinguish from an avascular tumor. In such cases puncture should 
be resorted to. The frequency of cases requiring puncture will decrease, however, with 
improvement of the technique and experience. With reference to the chapter on the tech
nique of renal angiography and to the description of the findings in renal angiography in 
tumor and in cysts, it must be stressed that the value of angiography depends largely 
on the technical performance of the examination. 

c ) Metastases 

Sometimes the tumor has metastasized by the time the patient is referred for 
roentgen examination. As mentioned, those parts of the skeleton included in plain roent
genograms of the urinary tract must receive attention. For the same reason we always 
examine the chest in patients with a space-occupying lesion in a kidney. Lung metastases 
confirm the diagnosis of tumor. Because of absence or neglect of symptoms, renal carcinoma 
has often metastasized by the time the patient is examined. 

To summarize, it may thus be stated that the following factors are of the greatest 
importance in differentiation between malignant tumor and benign cyst: 

Irregular outline of the growth argues decidedly for tumor. 
Characteristic tumor calcifications may occur. 
Infiltration of or growth into the renal pelvis is a sign of tumor. 
Encroachment upon the skeleton or metastases is a sign of tumor. 
Severly impaired excretion of contrast medium as seen during urography argues for 

tumor. 

14* 
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Pathologic vessels in renal angiography are pathognomonic of tumor. 
Failure of puncture to aspirate fluid suggests tumor. 
If these factors - with the reservations given above - are considered in the order 

given in the various examinations, differentiation between tumor and cyst will nearly 
always be possible. Establishment of a differential diagnosis should very seldom require 
surgical exploration. 

II. Tumors of the renal pelvis and the ureter 
(Figs. 162-175) 

In the collection of RICHES et al. of 2,314 tumors of the kidney and ureter, 336 were 
tumors of the renal pelvis and ureter. Twenty-one were primary tumors of the ureter. 

1. Tumors of the renal pelvis 

Of the 315 tumors of the renal pelvis, 241 were malignant, the majority transitional 
cell papillary carcinoma, and less than half as many were squamous cell carcinoma. The 
youngest patient was 9 years old. Simple papillomas of the renal pelvis were found in 
24 cases. Almost one third of the cases of squamous cell carcinoma had renal calculi. This 
type of tumor is often seen in patients with chronic inflammatory changes and sometimes 
with co-existent leukoplakia in some parts of the mucosa of the renal pelvis. An important 
observation of roentgendiagnostic interest is also that the operable cases of transitional 
cell papillary carcinoma involve the ureter and/or bladder or both in some 50 per cent of 
all cases. STRICKER (1926 cit. MACLEAN and FOWLER) found that in 47 % of 175 cases of 
papillomatous neoplasms of the renal pelvis, neoplasms were also present in the ureter and 
urinary bladder. Simultaneous involvement of the renal pelvis, ureter and urinary bladder 
is likely to occur and is characteristic of all the papillary tumors. If this type of tumor 
is suspected, it is necessary to investigate the entire urinary tract. Of 26 cases of primary 
carcinoma of the ureter, WHITLOCK et al. (1955) found one third of the tumors of the ureter 
to be situated in the lower third. In half of these cases where the tumor occupied the 
distal part of the ureter, a ~ortion of the tumor could be seen protruding from the ureteric 
orifice at the time of cystoscopic examination. Tumors of the bladder were seen in 14 out 
of 33 cases prior to and after operation for a primary carcinoma of the ureter, and multiple 
ureteric tumors were seen in 17 cases. 

Papillary tumors are often multiple, with several tumors in the renal pelvis, and tumors 
may also occur in the ureter and/or in the urinary bladder, as mentioned above. Carcin
ogenic substances excreted by the kidneys can cause tumor growth at various sites, but 
tumors distally in the urinary tract may also have been implanted there by material shed 
from growths more proximally located. 

In a material of patients with uroepithelial tumors of the kidney pelvis, NILSSON et al. 
(1971) found tumor in the urinary pathways outside the kidney pelvis in 25 % of the cases, 
in the ureter on the homolateral side in 10 %, and in the bladder in 23 %. In these cases 
the bladder tumor was usually localized on the same side as the renal pelvic tumor. In 
23 % of the cases a bladder tumor was found after the operation ofthe kidney pelvic tumor. 
In two cases the renal pelvic tumor was bilateral. 

An increased incidence of epithelial renal pelvic tumors has been found in patients 
with renal papillary necrosis in connection with abuse of drugs containing phenacitin 
(HULTENGREN et al., 1965; BENGTSON et al., 1968). In an area of Sweden where workers 
from a certain factory were known for heavy "analgesic" consumption, ANGERVALL et al. 
(1969) reported on a series of renal pelvic tumors in 15 patients, 10-12 of whom had been 
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abusers of drugs containing phenacitin and 9 of whom were employed at the above-men
tioned factory. Two patients had, in addition, urinary bladder carcinoma. All but two 
of the patients were males, which fits with the epidemiology of "analgesic" abuse in that 
particular area (Figs. 167, 168). 

TAYLOR (1972) found in a survey that over half of patients with carcinoma in the 
renal pelvis showed analgesic abuse. Out of 110 patients with analgesic nephropathy 11 
had carcinoma of the urinary tract, 7 of the tumors occurring in the renal pelvis, whereas 
in most series carcinoma of the renal pelvis accounts for 7-8 % of all renal carcinomas. 
In this series renal pelvic tumors account for 30 % of all primary tumors of the kidney 
in adults. The analgesic in this material was in most cases mainly phenacitin. 

A case of polypoid tumor of the renal pelvis which was found patho-anatomically to 
represent a leiomyoma is reported by LITZKI et al. (1971). A polypoid tumor can also be 
a fibroma, in exceptional cases (IMMERGUT and COTTLER, 1951). A peripelvic fibroma is 
reported by GROSSMAN and KOPILNICK (1971). 

Another type of tumor of the renal pelvis should also be mentioned. PLAUT ( 1929) descri
bed a case of stone-producing tumor of the renal pelvis. Since then other cases of this type 
have been described, f.i. by ARCADI (1956) and BR0NDUM-NIELSEN (1957). These tumors 
may be benign or malignant. They may be associated with calculi and be difficult to 
distinguish from stone pyonephrosis. 

MACLEAN and FOWLER (1956) described a case of primary liver cancer that had metas
tasized to the renal pelvis. 

Urography and pyelography 

With reference to what has been said above, these two types of examination should 
include the entire ureter and urinary bladder. 

Cancer of the renal pelvis may appear roentgenologically as an infiltration of the renal 
pelvis wall and as a polypoid tumor bulging into the renal pelvis (Fig. 162, 163, 164). 
It may invade the renal parenchyma and will then be difficult or impossible to distinguish 
roentgenologically from a primary renal carcinoma encroaching upon the renal pelvis. 
The infiltration into the wall of the renal pelvis results in deformation, with irregular de
crease in the lumen and rigid walls. Strictures produced by such infiltration can lead to 
dilatation of single calyces, groups of calyces, or of the entire renal pelvis, depending on 
the level of the stricture. One or several calyces may be destroyed. Stenosis of the stem 
of a calyx or of a branch may resemble that seen in tuberculosis (HEIDENBLUT, 1955). 

Certain types of carcinoma of the kidney pelvis may initially or later resemble py
elonephritic changes with or without stone (Fig. 166). Pyelonephritis may also be coexis
tent with tumor and complicate the roentgen-symptomatology. 

Papillomas appear as filling defects in the contrast medium. On observation of such a 
filling defect, it must first be decided whether the defect is localized to the kidney pelvis 
and not outside it, simply representing an intestinal gas bubble superimposed upon the 
renal-pelvis. This can be readily checked by using oblique projections. 

Filling defects in the renal pelvis may be due to a wide variety of factors. As mentioned 
in the section on normal anatomy, vessels and the border of the kidney parenchyma 
may cause impressions in the outline of the renal pelvis with a filling defect as a result. 
Such defects are, however, fairly characteristic and are seldom difficult to distinguish 
from tumors of the renal pelvis. Calculi, blood clots, gas bubbles etc. are all capable of 
causing filling defects resembling tumors in the renal pelvis. Even if they are of fairly 
low density calculi can, as a rule, be diagnosed already in plain roentgenograms of good 
quality, but, as stressed in the section on renal calculi, some stones may be of such a low 
density as not to show up in plain roentgenograms. Tumors cannot be seen in plain roent
genograms except in very rare cases when a papillomatous tumor of the renal pelvis 
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a b c 

Fig. 163. Malignant papilloma of kidney pelvis. a) and b) Pyelography: Irregular broad-based malignant tumor 
of kidney pelvis. c) Operative specimen 

a b 

Fig. 164. Papillary carcinoma of renal pelvis and of bladder. Pyelonephritis. a) Pyelography: irregular tumor 
with clefts on surface in kidney pelvis laterally at base of middle branch and middle cranial branch. Changes 
in most papillae characteristic of pyelonephritis with papillary necrosis. b) Cystography: irregular papillary 

tumor in base of bladder 

has collected a layer of calcium on its surface. Calculi tend to assume the shape of the renal 
pelvis and are surrounded by a thin layer of contrast medium. Since patients with suspected 
tumors are often referred for roentgen examination because of haematuria, blood clots 
are of great importance in the differential diagnosis of changes in the renal pelvis, ureter 



216 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

a b c 

Fig. 165. Small renal pelvic carcinoma in uppermost calyx. Tumor increases in size slowly. One-year interval 
between examinations a)-b) and b)-c) 

a b 

Fig. 166. Pyelonephritic changes with malignant degeneration. Pyelonephritis for 5 years. Urography: granular 
to papillary changes in mucosa of kidney pelvis and ureter. Plasticity of wall normal. (Note distention during 
ureteric compression (a) compared with (b) after removal of compression.) Two years later: pain and hematuria, 
left side. Nephro-ureterectomy. Histology: chronic pyelonephritis and secondary malignant degeneration in 

kidney pelvis and ureter. Another two years later: bladder carcinoma 
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a b 

Fig. 167. Renal pelvic carcinoma. For 20 years, abuse of phenacitin. a) Urography: large tumor filling central 
part of confluence of kidney pelvis. Infiltration into kidney pelvic wall cranially-medially. b) Angiography: 
slight pathologic vasculature corresponding to pelvic tumor. Marked pyelonephritic changes in kidney parenchyma. 

Fig. 168. Tumor of same type as in Fig. 32, anaplastic carcinoma in kidney pelvis in patient with several years 
abuse of phenacitin 

and urinary bladder. Check examinations for any change in the shape or size ofthe defect 
may sometimes be necessary before a differential diagnosis is possible. 

Renal angiography is not widely used for the diagnosis of tumors of the renal pelvis. 
According to the literature, these tumors produce no angiographic changes. Truly selective 
angiography, however, will be useful (although not in all cases) in demonstrating patho-
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logic changes in tumors of the renal pelvis because in selective angiography the arteries 
to the renal pelvis and to the ureter can be studied (BOIJSEN, 1959). Renal angiography 
can thus contribute to the diagnosis and differential diagnosis of tumors of the renal 
pelvis. Angiography has specific importance in cases with extensive hydronephrosis, in 
deciding whether or not the hydronephrosis is due to tumor (Fig. 170). If a renal pelvic 
carcinoma is the cause of the tumor, the hydronephrotic kidney pelvis is filled with tumor 
mass. These tumors can be diagnosed angiographically by their content of tumor vessels. 
The characteristic findings are thus a combination of distension and atrophy of arteries 
typical of hydronephrosis and small conglomerates of tumor vessels related to those 
atrophic and distended arteries. 

In some cases where by ordinary roentgen methods a tumor in the renal pelvis can be 
demonstrated, it is impossible to decide whether the tumor is primary in the kidney pelvis 
or whether it represents an invasion into the pelvis of a small renal carcinoma (see Fig. 
139). Renal angiography in such cases solves the problem. 

a b c 

Fig. 169. Bilateral renal pelvic carcinoma. a) Urography, right kidney. b) Urography, left kidney. c) Angio
graphy, right kidney 

2. Tumors of the ureter 

Tumors of the ureter may be malignant or benign. The malignant tumors may be pri
mary or secondary. Because of the length of the ureter and its intimate relation to several 
other organs, tumors of the latter are likely to encroach upon the ureter, e.g. tumors of 
the colon and rectum, uterine and ovarian carcinoma. Metastasizing tumors in the retro
peritoneal space also often involve the ureters. This is the case, for example, in metastases 
from seminoma testis to the retroperitoneal lymph nodes or in lymphogranulomatosis. 
The enlarged lymph nodes often only displace the ureters and sometimes cause indenta
tions in them and compress them along a varying length. Ohanges of the same type occur 
in the same diseases in another long transport channel, namely the inferior caval vein, 
and can be seen at cavography. 

: Primary malignant tumors of the ureter are rare. ABEsHousE (1956) has collected 454 
cases from the literature. The malignant tumors produce an ill-defined narrowing along a 
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a 

Fig. 170. Renal pelvic carcinoma with hydronephrosis. a) Pyelography: tumor at pelviureteric junction 
b) Angiography: marked thinning and stretching of arteries and veins. Islands of pathologic vasculature. Marked 

pathologic vascularity in branches from widened pelvic and ureteric artery (see arrows) 

a b 
Fig. 171. Metastasis in wall of cranial part of right ureter by pancreatic carcinoma. a) Pyelography: d 2 em -long, 
markedly irregular narrowing. b) Angiography, arterial phase: pathologic vasculature from ureteric artery 

in tumor (arrow) 
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varying length of the ureter, or complete obliteration. The obstruction may be abrupt 
or gradually increasing along a length of a few centimeters. In the region of the infiltration 
by the tumor the lumen of the ureter is very irregular and superficial ulcerations can be 
seen, but the infiltration may also be seen as an increasing stricture. The roentgen-anatomic 

a b c 

Fig. 172. Ureteric papillomas with incipient malignancy. a) and b) Pyelography: large polyp 3 X 11/2 cm distending 
but not dilating ureter. c) Specimen: Tumor has broad attachment to thickened ureter wall. Histology: cancer 

ureteris. Papilloma with slightly infiltrative character. 

findings in cancer of the ureter are of the same type as those well known in other types 
of malignant infiltration of other ductal organs (Fig. 174). In malignant papillomas the 
tumor may have the same appearance as a benign papilloma. A broad base and signs of 
infiltration must make the examiner suspect malignancy (Fig. 172). 
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The severity of the dilatation above an obstruction varies from case to case and with 
the duration and severity of stasis. There may be no dilatation at all, or it may be very 
slight. 

The development of carcinoma of the ureter may be slow. One case described by 
GLENN (1959) was still of identical roentgen appearance on examination after an interval 
of eight years. 

Fig. 173. Tumor at pelviureteric junction. Pyelography: marked distention of kidney pel vis and ureter by 
coagula from bleeding tumor 

In strictures of the ureter the possibility of malignant tumor must be borne in mind. 
As a rule, primary malignant tumors of the ureter affect only one ofthe ureters. Cases 

of bilateral primary carcinoma of the ureter are on record (RATLIFF et al., 1949, FELBER, 

1953, GRACIA and BRADFIELD, 1958, GILLENWATER et al., 1966). Multiple carcinomas of 
the ureter may also be multiple in one and the same ureter. The multiplicity may also 
be asynchronous. In suspected retroperitoneal fibrosis with unilateral or bilateral changes, 
ureteric carcinoma must be one of several differential diagnostic possibilities to consider. 

Secondary malignant tumors of the ureter are, as a rule, growths from malignant 
processes in surrounding organs. As mentioned, this is common in rectal cancer or gyneco-



222 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

logic cancer, for example. While, as mentioned, the primary malignant tumor in the ureter 
is, as a rule, unilateral, secondary growths usually involve both ureters and often at the 
same level. The other type of secondary malignant tumors of the ureter is malignant me
tastasis to the ureter, which is rare. One case has been described (ROBBINS and LICH, 

1958) in which carcinoma from the uterine cervix metastasized to the proximal part of 
the ureter. A renal carcinoma may metastasize to the ureter (see Fig. 150). In all reported 
cases of this type, ureteral involvement was part of a generalized metastatic process (GROSS 

and MINKOWITZ, 1971). 

a b Fig. 175 
Fig. 174 

Fig. 174. Ureteric carcinoma. a) 5 em-long, irregular infiltration in part of ureter just below ileosacral joint. 
b) Decrease in changes after radio-therapy 

Fig. 175. Ureteric carcinoma. Irregular infiltration in 3 em-long part of left ureter in small pelvis. Slight dilata
tion above infiltration 

Primary benign tumors of the ureter are still rarer than malignant ones. ABESHOUSE'S 

above-mentioned collection included 138 primary benign tumors of the ureter. They are 
of the same type as tumors of the renal pelvis and tumors occuring elsewhere in the urin
ary tract. Papillomas and polyps are thus the most common. They are round or oval, 
usually pedunculated, assume the form of the ureter, and are sometimes very long. They 
may be very small to very large. HOWARD (1958) thus described a case of a pedunculated 
ureteric polyp, which measured 10 X 3 cm and which distended and filled a large part of 
the ureter but nevertheless permitted good passage of urine and thereby spared renal 
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function which proved to be good, as judged by excretion urography. The renal pelvis 
was moderately dilated. 

It is well known and has been stressed previously that papillomatous tumors have a 
marked tendency to form multiple and recurrent growths in the entire urinary tract. 
Papillomas may thus be multiple or solitary. If multiple, they may be seen crowded to
gether at the same level or they may arise at different levels of the ureter. 

Roentgenologically, these tumors appear as an obstruction in the ureter. The obstruc
tion is often manifested by a concave outline of the end of the column of contrast medium 
in contradistinction to the abrupt termination or the tapering of the contrast column in 
ureteric stricture. The tip of the papilloma may simulate a concrement in the uretero
gram. Sometimes the contrast fluid flows around the tumor, whose size and shape can 
then be assessed (Fig. 172). The ureter may be markedly widened by the tumor per se; 
in other words, the actual tumor mass distends the ureter. A tumor blocking the ureter 
causes dilatation of the ureter proximal to the tumor, and of the kidney pelvis. On the other 
hand, large ureteric tumors may sometimes cause only slight or no dilatation of the renal 
pelvis. 

A ureteric tumor can also prolapse out into the bladder if it is pedunculated. A 
hemangioma ofthis type measuring 6.5 cm in length was described by BRODNY and HERSH
MAN (1954) in a patient in whom at urography ordinary excretion and a filling defect in 
the distal part of the ureter were found. The hemangioma may cause intussusception of 
the ureter occasionally (HUNNER, 1938; MORLEY et al., 1952). 

Angiography may be useful in exceptional cases in diagnosing a tumor by demon
strating the pathologic vasculature. It should be pointed out here that the arterial supply 
of the ureter comes from all arteries in the vicinity of the ureter. Thus branches can come 
from the renal artery, the internal spermatic artery or the ovaric artery, the iliac artery 
and, in women for instance, from the uterine artery. 

G. Renal cysts and polycystic disease 

Renal cysts are common and of many patho-anatomic types. They have been classified 
according to various criteria such as macroscopic characteristics, histologic appearance, 
clinical significance, site, appearance of fluid content, multiplicity etc. Of the various 
types of cysts, the pyelogenic and aplastic have been described in the chapter on Ano
malies and cystic degeneration of renal carcinoma in the chapter on Tumors. The common 
small retention cysts situated in the outer part of the cortex are, broadly speaking, of 
no roentgenologic interest. They may sometimes be demonstrated in the nephrographic 
phase of renal angiography. In the cerebrohepatorenal syndrome (Zellweger's syndrome) 
in infants, for example, cortical cysts of the kidneys are always present. This leaves three 
groups of roentgen-diagnostic importance, namely serous cysts, hydatid cysts, and poly
cystic disease. 

I. Serous cysts 

Serous cysts fall essentially into three groups: simple cysts, peripelvic lymphatic 
cysts, and multilocular cysts. 

1. Simple cysts 

Simple cysts are usually solitary and unilateral. Multiple cysts of this type can occur 
in one or both kidneys, however, The name solitary cyst, which is commonly used in the 
literature, is therefore sometimes misleading. Simple cysts occur at all ages, but they 
are uncommon in childhood. They are often found incidental to examination of the uri
nary tract or abdomen for some other reason. In our material a great many cysts have 
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been detected accidentally on routine urography of patients with prostatic hyperplasia. 
In children, positive palpatory findings often lead to the discovery of such cysts. 

A simple cyst may be a so-called capsular cyst and be situated almost entirely extra
renally. It may also be partly or completely embedded in renal parenchyma. It can vary 
widely in size. 

a) Plain radiography 

The findings made on plain radiography vary from case to case depending on 
the size and site of the cyst. If the cyst is situated mainly outside the kidney, it will be 
seen as a round or oval, usually very well defined smooth formation adjacent to the kidney. 
If the cyst is partly embedded in renal parenchyma, a bulge will be seen in the outline of 
the kidney. Sometimes the cyst is embedded in parenchyma near the surface ofthe kidney, 
when the bulge may be almost circular. Sometimes the cyst is seated deeper in the paren
chyma and causes only a slight bulge in the outline of the kidney. Exposures should, of 
course, be taken at different angles in order to secure a projection of the cyst in profile 
to judge its attachment and size. If the cyst is situated entirely within the kidney, it may 
cause a generalized enlargement of the latter. A small intrarenal cyst may produce no 
pathologic changes demonstrable by plain roentgenography. 

In the event of multiple cysts, similar changes may be seen in two parts of the kidney. 
If the cysts are close together, they will cause a coarse lobulation of the outline of the 
kidney. Sometimes the whole kidney undergoes cystic degeneration and a well defined 
lobulated mass, often of considerable size, will be seen instead. 

It has been claimed that cysts may be detected in plain roentgenograms as an area of 
less density than the kidney and that this is sufficient to make a diagnosis of cyst. For 
this to be possible the density of the normal tissue would have to be increased or the con
tents of the cyst would have to consist of fat. But, as a rule, neither of these conditions 
is satisfied by a simple cyst. Such claims are based mainly on non-roentgenologic reasoning. 

Sometimes, though very seldom, a cyst can be diagnosed because its content is fatty. 
We have seen this type of cyst only once in our large material of simple cysts. It has also 
been stated that even large cysts sometimes escape detection in plain roentgenograms. 
This may be true, but is not due to any specific roentgen-diagnostic character of cysts. It 
can only happen if the patient is not properly prepared or if the examination is not pro
perly performed. Plain radiography has to be performed efficiently, and such an exa
mination must always be carried out preliminary to urography or pyelography. 

Sometimes a cyst may be seen to grow during long expectancy. Of 16 patients with 
cyst re-examined in our material (JOHNSSON, 1946), the cyst was found to increase in size 
in 6. In one, the cyst attained fairly considerable proportions. In one case the cyst had 
become smaller. A cyst can also disappear completely by rupturing and emptying into 
the renal pelvis or the retroperitoneal tissue. 

The wall of the cyst may calcify. In such cases more or less opaque calcifications are 
seen in the periphery of the cyst, occasionally as a ring encircling the entire cyst, though 
more commonly as small bow-shaped calcifications corresponding to parts of the peri
phery of the cyst. FRIMANN-DAHL (1964) has found that in patients with a complete 
calcification of the cyst . wall, the cyst is often combined with carcinoma. In simple cysts 
as well as in other types, heterotopic ossification occurs, although rarely. 

b ) Urography and pyelography 

The shape of the renal pelvis varies with the position and size of the cyst. In principle 
the changes are of the same type as those seen in well defined solitary tumor and described 
above (Figs. 176, 177,180). 

As mentioned, the deformation will vary to a large extent with the primary anatomic 
shape of the renal pelvis. It has been stated by BRAASCH and EMMETT that "in most 
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b 

Fig. 176. Cyst. Series demonstrating roentgen-diagnostic procedure in definite diagnosis and treatment of cyst. 
a) Urography with tomography: well defined, rounded expansivity in caudal kidney pole. b) Angiography: 
characteristic defect in kidney parenchyma caused by cyst with lipping of border of parenchyma along base of 
cyst. No pathologic va8culature whatsoever in cyst. Series of films made after injection of angiotensin to 
definitely exclude presence of pathologic vasculature. c) Puncture of cyst and filling with contrast medium. 
Different projections to exclude protrusions of tumor tissue into cyst. Cyst size corresponding to size of process 
seen at angiography. d) Injection of Lipiodol into cyst cavity. e) Check examination one year later: Lipiodol 

in cavity helps demonstrate cyst, which has diminished considerably in size 

15 Handbuch der med. Radiologie, Ed. XIII/1 
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Fig. 176 c 
,......., ....... ---

d ..... __ ...... ~_ ..... _ ___ --' e 

Fig. 176 

cases of cysts the normal terminal irregularities of minor calyces involved will be well 
retained". Although I am not quite sure what is to be understood by "normal irregu
larities" I feel that a cyst and a well defined carcinoma of the same size and position 
will produce the same deformation. Under such conditions it is not possible to make a 
differential diagnosis on the basis of the findings in the plain roentgenogram, pyelogram 
or urogram. A guess is never a diagnosis. 
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a _______ .....:...&... b 

Fig. 177. Cyst rupturing into kidney pelvis. a) Urography in connection with acute renal colic after pain 
subsided: slight displacement of cranial part of kidney pelvis. b) Urography a few days later: filling of cyst 

communicating with kidney pelvis. Cyst walls slightly folded 

a b 

Fig. 178. Cyst 3 cm in diameter in posterior part of kidney parenchyma. Demonstrable best in b) true lateral 
projection of kidney 

It is often to be read in the literature that cysts do not cause any changes in the shape 
of the renal pelvis. This is not true. On the contrary, cysts nearly always produce demon
strable changes in the shape of the renal pelvis. The more the cyst is developed in the peri
phery of the kidney the less it will deform the pelvis, however. Sometimes it will only 
cause a slight flattening or displacement of a single calyx. This holds especially for the 

15* 
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a 

Fig. 179. Large cyst in caudal half of right kidney. a) Aortography: displacement of intrarenal arteries. Note 
hyperplasia and distention oflumbar arteries. b) Nephrographic phase at selective angiography ofright kidney: 
sharp border of cyst toward kidney parenchyma. marked lipping of border of kidney parenchyma around cyst 



Plain radiography 229 

above-mentioned encapsulated cysts. A necessary condition for demonstrating changes 
in the renal pelvis, particularly small changes, is the use of projections capable of demon
strating the changes. Examinations consisting only of standard frontal projections cannot 
be regarded as satisfactory. The urographic and pyelographic technique should always be 
adjusted according to the findings at plain roentgenography. 

At urography and pyelography it may sometimes be necessary to vary the density 
of the contrast medium to demonstrate small space-occupying lesions. It should also be 
observed that dilatation of the renal pelvis by a pathologic process or by the examination 
procedure may mask a small impression in the renal pelvis. 

a b 

:Fig. 180. Cyst roentgenologically disappearing after puncture and emptying of fluid content. a) Urography, 
right kidney: Large spheric expansivity at middle of kidney (arrows) without calcification. Flattening of one 
calyx. Puncture of cyst and emptying of clear fluid. b) Urography one year later: kidney surface and urogram 

completely normal 

Typical of urography is excretion of contrast urine. Only if a major portion of the 
renal parenchyma has been replaced by cysts will impairment of renal function be de
monstrable urographically. Function may then be completely lost. Small cysts and even 
many large cysts without complicating urinary stasis will, however, produce no demon
strable impairment of excretion. Sometimes the density of the renal parenchyma in the 
nephrogram will be increased, while the region involved by a cyst will show no such increase 
in density. This nephrographic effect can be increased by injection of a large amount of 
contrast medium or by protracted ureteric compression. 

At check examination of a patient at intervals of several years, the cyst may be 
observed to change in size. This may cause a marked change in the pyelogram, parti
cularly if a cyst has collapsed (see Fig. 181). 

Such a collapse may be due to a break-through of the cyst wall to the kidney pelvis 
and)ttendant drainage. This may lead to a complete disappearance of the cyst or to a 
more or less marked decrease in the size of the cyst. 
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At urography and pyelography, filling defects will occasionally be seen in the renal 
pelvis, caused by stone or blood clots in association with haematuria. It is important 
not to mistake such filling defects for tumor growing into the renal pelvis, with the 
erroneous diagnosis of renal carcinoma as a consequence. 

Fig. 181. Probable peripelvic cyst disappearing spontaneously. a) Urography: expanding lesion medially in caudal 
pole displacing kidney. At renal angiography the space-occupying lesion was thought to be a cyst. b) Check 

urography two years later: cyst has disappeared 

c) Renal angiography 
The arteries will be displaced and thin arterial branches will extend around a cyst 

if the cyst is situated intrarenally. In the venous phase the cyst is often well outlined by 
fine, stretched veins. If the cyst is mainly extrarenal, such vessels will seldom be seen in 
the free periphery ofthe cyst. The most important phase is the nephrographic, which should 
include a sufficiently large number of films. A cyst appears in the nephrogram as a filling 
defect. Since part of the cyst bulges outside the kidney, the filling defect will be seen as a 
pit in the renal parenchyma. This is best demonstrated in profile projections of the filling 
defect. Characteristic of cysts is that this filling defect is bordered by parenchyma which 
will be beak-shaped in the different projections. This is because the cyst pushes aside and 
lifts the edge of the parenchyma. The edge of the defect may be somewhat irregular, but it 
is always sharp in suitable projections (Figs. 176, 177). 

If a cyst is small and surrounded by renal parenchyma it may be difficult to detect. 
Tomography is helpful in such cases. 

It must be noted that a cyst can also receive nutrition through extrarenal arteries, 
for example lumbar arteries. 

In a large cyst branches of lumbar arteries at the level of the cyst may also be 
displaced and extended. 

We have occasionally noticed that widened veins and varices appear in the wall of a 
cyst in connection with angiography in patients with expansive lesions. This may explain 
bleeding in connection with cyst causing haematuria. 

It is important to perform the examination with the selective technique. Superim
position of vascular branches not belonging to the renal arteries may give the appearance 
of vascularization: It may also be necessary to use several projections to demonstrate 
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the above-mentioned pitting in the renal parenchyma due to the cyst and to avoid super
imposition of gas bubbles in the gastro-intestinal tract. Tomography is often valuable as 
a part of the procedure, particularly to demonstrate changes in the nephrographic 
phase. 

d) Puncture of cyst 
For diagnostic and therapeutic purposes the cyst may be punctured and its contents 

aspirated. Contrast medium such as gas (FISH, 1939) or water-soluble contrast medium 
(JOHNSSON and LINDBLOM, 1946; AINSWORTH and VEST, 1951) may be injected (see 
Fig. 176). This method has been elaborated in detail by LINDBLOM (1946, 1952) and has 
been used in a large number of cases. 

Fig. 182. Cyst with regressive carcinoma. Spheric formation at caudal kidney pole with thin calcification around 
entire wall. Angiography: a) irregular arteries are seen in caudal pole in arteriographic phase. b) Shallow in· 
dentation at site of cystic formation is slightly irregular. No lipping of border of normal kidney parenchyma 

With the guidance of urography, which may be performed in association with punc
ture, the expanding process is punctured percutaneously from behind. A puncture can 
also be made in direct connection with angiography upon the finding of a cyst or a suspected 
cyst. The correlation between the cyst and the defect in the nephrogram caused by the 
cyst is in this situation direct. If fluid is produced, it is aspirated and a small amount of 
contrast medium is injected. If the cyst is large, contrast medium should be injected be
fore all the cyst content has been aspirated. If too much fluid is aspirated, the cyst will 
collapse and the needle may slip out and thereby make it impossible to inject contrast me
dium. The next step is to take films in different projections to ascertain the size of the 
cavity, its shape and any mural growths. It should be carefully checked that the image 
of a contrast-filled cavity coincides with the filling defect seen in the nephrogram, since 
part of a tumor can undergo cystic degeneration, and a kidney may harbor both a tumor 
and a cyst. 
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It may be difficult to puncture a very small cyst or a ventrally located cyst per
cutaneously. Puncture is thus useful as a differential diagnostic measure against tumor 
only if it proves the existence of a cyst. If puncture yields no cyst fluid, it may mean that 
the expanding process is a solid tumor, but it can also mean that the cyst is not properly 
punctured, the puncture having been made into normal renal parenchyma. 

Puncture and injection of contrast medium will often show that the cyst has a 
somewhat irregular outline. It may be more or less distinctly lobated or dumbbell shaped. 
The wall is quite smooth, however, and the filling complete. Should any mural growth 
be observed, the lesion cannot be diagnosed as a simple cyst. According to GORDON 
(1958) all cysts containing blood or heavily blood-stained fluid must be regarded as poten
tially malignant and accordingly should be surgically explored. As an extra precaution 
we have the fluid examined histologically for neoplastic cells. FRIMANN-DAHL has proposed 
the injection of lipiodol into the cyst as an indicator for check examination and to bring 
about sclerosing of the cyst wall and shrinkage. 

A puncture may occasionally cause mild local pain or a sensation of pressure. A slight 
rise in temperature may also occur. After puncture and emptying of the cyst content the 
cyst may completely disappear roentgenologically (Fig. 180). 

The most important differential diagnosis is renal carcinoma versus simple cyst. 
This is discussed in a special section of the chapter on renal tumors. Renal abscess, although 
rare, may also be taken into account. The appearance of such an abscess may simulate 
that of a simple cyst at plain radiography, urography and pyelography, as well as at 
renal angiography. Occasionally, however, the vasculature in an old abscess may make 
it impossible to differentiate it from a tumor (VOEGELI, 1971). 

e) Flow studies 

According to the literature, surgical procedures on kidneys harboring a cyst are very 
common. These procedures are often exploratory and as such are in most cases not neces
sary, considering the availability of refined angiographic technique. Occasionally, when 
operation is assumed to be clinically indicated, studies on renal flow (GOTHLIN and OLIN, 
1971) seem to have definite value in leading to a decision. In those cases where increased 
vascular resistance in a kidney harboring a cyst is demonstrable, this resistance can be 
decreased by emptying or removing the cyst. 

2. Peripelvic lymphatic cysts 

A special variant of renal cyst is the so-called peripelvic lymphatic cyst. This type of 
cyst, as indicated by its name, is localized to the sinus and hilum of the kidney and can 
protrude through the hilum. It varies widely in size from a small cystic process to a large 
formation prolapsing through the hilum. It consists of one or more thin-walled cystic 
formations related to the lymphatics and is conceived as a lymphatic retention cyst. 
DUBLIER and EVANS (1958) described the roentgen findings in this disease as characteristic. 
In plain roentgenograms, and in urograms or pyelograms, however, the findings cannot 
always be distinguished from those produced by simple cysts or tumor (Fig. 181). Renal 
angiography can distinguish them from tumor. In contrast to the simple cyst, the peri
pelvic cyst does not produce demonstrable changes in the renal parenchyma. Thus, an 
extrarenal process situated near and deforming the hilum, but producing no angiographic 
signs of involvement of the renal parenchyma, can be diagnosed as a peripelvic renal 
cyst. 

3. Multilocular cysts 

Another variant is the multilocular cyst. It consists of a well defined cyst in a firm 
capsule occupying a major portion of the kidney. The capsule encloses numerous cystic 
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cavities with a mucin-like fluid. This type of cyst is extremely rare but has been described 
under the same headings as other unilateral cystic processes. It is important because it 
occurs in childhood and because it has been confused, clinically and roentgenologically, 
with Wilms' tumor (FRAZIER, 1951). 

II. Hydatid cysts 

Hydatid cyst or echinococcus cyst is a parasite cyst of interest mainly in those coun
tries where the parasite is common. With increasing international traffic, however, the 
discase must be borne in mind in other countries. It has also been called une maladie 
cosmopolite. On the whole, it follows the industry of sheep and cattle-raising. The dog is 
the host of the tenia echinococcus granulosus, while man and various ruminants are 
intermediary hosts for the cystic stage of the worm. The infestation is caused by ingestion 
of the ova. Hydatid cyst is most common in the liver, next in the lungs, but it may also 
occur elsewhere in the body (slightly more than 2 % are supposed to be found in the 
kidneys). It is usually solitary, The hydatid cyst consists of a cystic sac surrounded by a 
fibrous capsule formed as a reaction of the host. The cyst is usually round but may be 
irregular in shape. It can grow but can also shrink or rupture and empty itself. Infection 
of the cyst is not uncommon. The connection between the actual parasite and the surround
ing fibrous capsule may be more or less firm. The capsule often calcifies. 

At plain radiography the findings are the same as in simple cysts. Capsular calcifi
cations are common; they are seen in approximately 60 % of the cases and are irregular 
and fragmentary but arranged in the form of a spheric shell. 

The urographic and pyelographic findings are the same as those produced by simple 
cyst or by a well defined solid tumor. If the fibrous capsule is not intact, contrast medium 
can escape between it and the parasite cyst. Reproductions presented to illustrate this, 
however, usually show only a strongly distended calyx whose fading edge has been er
roneously regarded as representing contrast medium inside the fibrous capsule. If the cyst 
perforates into the renal pelvis, contrast medium may enter the actual cyst. 

If the calcifications are characteristic, the diagnosis is easy. Otherwise differentiation 
must be made from the same conditions as occur with simple cysts. Clinical serologic 
findings typical of hydatid cysts can decide the differential diagnosis, of course. In cases 
where hydatid cyst is suspected, cyst puncture should not be performed because of the 
risk of spreading. 

III. Polycystic disease 

Polycystic disease is a bilateral congenital hereditary disease in which both kidneys 
may be full of cysts of varying size. 

The cystic formation on one side may differ considerably from that on the other. 
Polycystic disease many undoubtedly also occur on one side only. This is, however, uncom
mon and naturally seen less frequently post mortem than at roentgen examination, 
because small changes on one side may escape detection or produce non-characteristic 
and inconclusive changes. 

Double-sidedness is thus not a conditio sine qua non of this disease. Congenital or 
hereditary occurrence is often a significant characteristic. However, IVEMARK and LIND

BLOM (1958) distinguish a special type, adult polycystic kidney, which as a rule, occurs 
later in life, generally in the fourth decade and with renal colic as its first symptom. On 
the basis of various observations they suggest that the cysts may be intrarenal haema
tomas due to rupture of aneurysm-like formations, which they claim to have shown both 
histologically and by micro-angiography. Definite proof of the existence of such a group 
is, however, not yet available. One might also well imagine that the vascular changes 
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and hemorrhage are not primary but secondary, that the vascular changes due to poly
cystic disease in association with hypertension, for example, might cause the bleedings 
with consequent changes. Personally, however, I believe that bleeding plays a role in the 
symptomatology and that the progress of the disease with increasing size of the cysts is 
due to a mechanism resembling that underlying the increase in the size of a subdural 
haematoma, namely the breaking down of haemoglobin molecules into several smaller 
ones with an increased osmotic effect in the cyst. 

The frequency of polycystic disease in autopsy studies is, according to BELL, one in 
350 and one in 620, varying in different materials. CAMPBELL reports that approximately 
one in 250 individuals is born with polycystic disease. Many cases are not detected until 
autopsy. In a series published by DALGAARD, out of 350 patients 134 were not discovered 
until autopsy. 

There seems to be a certain correlation between polycystic disease and aneurysms 
of the cerebral arteries causing subarachnoid bleeding. Thus ASK-UPMARK (1948) among 
50 patients with subarachnoid bleeding found 5 with polycystic renal disease. 

a) Plain radiography 
Both kidneys are enlarged and their surface is bulgent. Sometimes the enlargement is 

enormous and equally severe on both sides. Sometimes it is less marked, and sometimes 
the kidney on one side may be much larger than that on the other. The kidneys, or one 
kidney, may have a size or shape not different from ordinary conditions. 

Calcifications are often seen partly as a thin shell around single cysts and partly as 
small irregular calcifications (Fig. 183). 

:Fig. 183. Polycystic kidney. Very large bulging kidneys. Multiple calcifications in cyst walls, left kidney. 
Calcified cysts partly deformed by impression from adjacent non-calcified cysts 
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b) Urography and pyelography 

The characteristic changes in the renal pelvis are multifocal bulges (Figs. 184, 185, 
186). In severe cases the findings may be completely characteristic with grotesque de
formation of the renal pelvis by different sized multiple, space-occupying processes. The 
stems of the calyces may be markedly elongated or one or more calyces may be flattened. 
The confluence may be compressed or show small impressions. The changes may, however, 

Fig. 184 

Fig. 185 

Fig. 184, 185. Polycystic kidneys. Enlarged kidneys with bulging outline. Urography: good excretion of contrast 
medium. Marked deformity of both kidney pelves. Increased distance, kidney pelvis to kidney surface 
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a 

Fig. 186. Polycystic kidneys-progression. Urography: a) moderate bilateral changes. b) Nine years later: ad
vanced changes. Another four years later plain roentgenography because of uremia demonstrated enormous 

kidney enlargement 

be slight and on one side the only change may be a single flattened or slightly elongated 
calyx. Even if the changes are small, their occurrence on both sides is of diagnostic im
portance. On cyst formation the distance between the periphery of the kidney and the 
nearest calyx increases. While the distance seldom exceeds 2-2,7 cm in a normal kidney 
except in the renal poles, in cystic kidneys it may be more than 3 cm (Billing 1954). 
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Single cysts may be in open communication with the renal pelvis and be filled in 
association with urography or pyelography, or they may be perforated by the catheter or 
they may rupture. 

On repeated examination at long intervals cystic kidneys will be seen to increase in 
size and to change in shape (Fig. 186). The deformation of the renal pelvis also changes on 
development of new cysts and collapse of others. The change may be considerable, from 
slight or relatively slight to grotesque deformations. 

In urography the contrast density is often reduced because of poor concentrating 
power of the kidneys. As a rule the density is sufficient for diagnosis, however. 

a b 

Fig. 187. Polycystic disease. Angiography: both kidneys very enlarged and irregular. Same findings on both 
sides. a) Arteriographic phase, right kidney: distention and displacement of intrarenal branches. b) Nephro

graphic phase in opposite kidney: many large cysts and innumerable small cystic formations 

c) Renal angiography 
In advanced cases the intrarenal arterial branches are distended; sometimes they are 

markedly stretched and narrow. In the nephrogram filling defects are seen resembling 
those seen in simple cysts. It is characteristic of the disease, however, that the cysts are 
multiple and of different sizes. A particularly characteristic, pathognomonic angiogram 
is seen in patients with numerous small cysts. Then the entire cortex of the kidney shows 
small filling defects, giving the kidney an irregular, notchy outline in the nephrogram 
(BILLING, 1954) (Fig. 187). 
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As a rule, however, the diagnosis can be made without renal angiography. The exa
mination may be of prognostic value in so far as it gives a much better impression of the 
extent of the cystic process and of the amount of funtioning renal parenchyma than 
pyelography or urography. Since renal function is often impaired in polycystic disease, 
the range of indications for renal angiography in this disease should be kept narrow, and 
when the examination is indicated, it should be performed using the selective technique, 
and the method used should be such as to require only a small amount of contrast medium. 

Sometimes a kidney with polycystic disease may be the seat of a tumor. Cases have 
been described with bilateral cancer (BORSKI and KLIMBROUGH, 1954; PUIGVERT, 1958). 

It should also be observed that polycystic kidney disease may be only one manifestation 
of several in Lindau's discase. ISAAO et al. (1956) have described such a case with cystic 
disease of the kidneys and pancreas with renal and cerebellar tumours. RALL and ODEL 
(1949) pointed out co-existent cystic degeneration of other organs. The liver, the ovaries, 
the pancreas and the spleen may be the sites of concomitant polycystic disease (WARD et al., 
1967). ROLLoF et al. (1971) report the combination of pulmonary cystic adenomatoid 
malformations and macro bullous polycystic kidneys, which combination they believe to 
be fortuitous, however. 

It should be pointed out that polycythemia or erythrocytosis may be seen in patients 
with polycystic disease, as in patients with renal carcinoma and simple renal cyst due to 
increased erythro-poietic activity (MURPHY et al., 1964). Finally, ASK-UPMARKand INGVAR 
(1950) and others have pointed out that intracranial aneurysms seem to be common in 
patients with polycystic renal disease. 

H. Renal tuberculosis 

Renal tuberculosis is part of the primary stage in the cycle of the tuberculous in
fection. Because of anti-tuberculosis vaccination of children and the increase in socio
hygienic standards, the disease has diminished markedly in many countries. In other parts 
of the world, however, the disease is still common. 

In countries with a low frequency of tuberculosis it is necessary to keep in mind the 
possibility of this disease in certain types of lesions in the urinary tract and the 
importance of not letting the disease go undiagnosed as such. 

Roentgen examination for renal tuberculosis is not only an important field of urologic 
diagnostic radiology but also of particular interest in so far as fundamental changes in 
our concept of this disease and its treatment are reflected by the roentgen methods used 
through the years in the investigation of the condition. Formerly nephrectomy was the 
rule for unilateral renal tuberculosis regardless of the extent of the lesion in the kidney 
and demonstration of the lesion was all that was required. Advances made since in the 
treatment of the disease necessitate more detailed information and place high demands 
on diagnostic radiology. 

Patho-anatomically the tuberculous infection of the kidney may assume various 
forms, of which the so-called ulcero-cavernous type is most important from a clinical 
point of view. One of the purposes of roentgen examination is to detect this ulcero-ca
vernous tuberculosis and to distinguish it from other types of tuberculous infection of the 
kidney. Roentgen examination is also important in the assessment of the extent of the 
process within the kidney and urinary tract and of the effect of conservative treatment. 

Ulcero-cavernous renal tuberculosis is also often called surgical renal tuberculosis 
because in this particular type, nephrectomy was the rational therapy before specific 
anti-tuberculous chemotherapeutics or tuberculostatis came into use. This disease is 
characterized by the fact that in the course of their development the lesions are transiently 
or permanently in open communication with the renal pelvis, where they can deposit 
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infectious material. This explains the clinical picture with so-called aseptic pyuria and 
bacilluria. This type of tuberculosis is associated with the risk of canalicular infection 
of the entire urinary tract and - in males - of the genital organs. 

I. Remarks on pathology 

Ulcero-cavernous renal tuberculosis usually begins as a focus in a papilla. Oommuni
cation is established between this focus and the renal pelvis either by fistulation of the 
lesion into the renal pelvis, if the lesion is located deep in the papilla, or by a broad ul
ceration of the papilla toward the renal pelvis, if the caseation is superficial. The process 
may in this way involve one or more papillae, often all of the papillae in the kidney. The 
ulceration can be localized to the tip or side of a papilla or up in the fornix, or it may 
result in caseation of the major part of a papilla or papillae. The earliest patho-anatomic 
form of ulcero-cavernous tuberculosis to be met with in roentgen examination is ulceration 
of a single papilla. In more widespread changes ulceration of several papillae can occur 
and cavities may be formed in the renal parenchyma. They may be small and solitary or 
represent complete destruction of the kidney in tuberculous pyonephrosis. Edema and 
ulceration occur in the mucosa of the renal pelvis, in the ureters and in the mucosa of the 
urinary bladder. 

Regressive changes may occur in the renal parenchyma as well as in the urinary tract. 
They are manifested by demarcation of necrotic tissue, part of which is often calcified. 
Fibrous tissue is formed which, as in all forms of tuberculosis, is characterized by a marked 
tendency to shrink. This gives rise to local scars in the renal parenchyma with local scar 
formation in the surface of the kidney or contraction of the entire kidney. Regressive 
changes located in the renal pelvis may lead to occlusion of small or large parts of the 
kidney pelvis, usually at the level of the originally narrow parts such as the stems of the 
calyces, the pelvi-ureteric junction, or the ureteric orifice in the urinary bladder, and 
to local or general shrinkage of the bladder. This shrinkage due to scar formation may 
thus result in various types of obstruction and in considerable distortion of various parts 
of the renal pelvis, including dilatation, and of the entire urinary system. The pathologic 
process may be unilateral or bilateral and the localization and extent may in bilateral 
cases vary markedly between the two sides. 

II. Roentgen examination 

The roentgen findings can be readily understood in the light of the gross pathology 
of ulcero-cavernous renal tuberculosis outlined above. The pathologic changes can be 
demonstrated by various methods, namely plain roentgenography, pyelography, uro
graphy, and angiography. Urethrocystography and occasionally vesiculography may 
also be important. 

1. Plain roentgenography 

The size and shape of a kidney can be changed by a tuberculous process. Oalcifications 
can occasionally also be seen in plain roentgenograms. If the kidney is considerably shrunken 
it may be very small, yet its outline may be more or less regular and fairly sharp. The 
final stage of such a process is the so-called tuberculous contracted kidney (Fig. 188, 19l. 
See also fig. 196). The shrinkage may also be local and limited to one of the poles, for 
example, or it may only produce local indentations in the surface of the kidney. On the 
other hand, the kidney may also be of ordinary size or enlarged, with an irregular bulgent 
surface due to cavities or calyces dilated as a result of strictures. The change may be 
local, with formation of one or more adjacent caverns causing a single bulge in the 
surface of the kidney. 
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Fig. 188. Complete calcification of tuberculous kidney and ureter 

a b 

Fig. 189. Solitary papillary ulceration. Urography: a) small cavity in uppermost medial part of right kidney 
and in adjacent papilla. b) Oblique view: lesion located in dorsal part of upper pole 
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Fig. 190. Solitary papillary ulceration. Urography: small cavity next to lowermost papilla communicating 
with calyx 

:Fig. 191. Bilateral tuberculosis. Urography: calcified tuberculous pyelonephritis on right side. Putty kidney. 
Small, mainly irregular, cavities in most pyramids of left kidney. Slight irregularity of outline of kidney pelvis 

due to tuberculous pyelitis 

Calcifications are often seen in the parenchyma (see Figs. 188, 191, 194, 210). They 
may involve the entire kidney and even the ureter and produce the characteristic putty 
kidney. Sometimes only part of the kidney will assume the appearance of a putty kidney. 
On auto-amputation of the upper branch of the renal pelvis, for example, the correspond
ing portion of the kidney may calcify in the same manner as a putty kidney. Irregular 
calcifications may be widespread. The tuberculous calcifications are usually seen only in 

16 Handbuch der mod. Radiologic, Bd. XIII!l 
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small regions however. They may appear as amorphous masses in a well defined area 
corresponding to a bulge or indentation in the contour of the kidney and then represent 
calcium deposits in the caseous contents of a cavity. They may also be localized to the 
wall of a cavity and then give an outline of it. More often they are seen as calcified necrotic 
areas. The calcifications are usually dense and of irregular shape. They may be small or 
large and local or scattered in the kidney. They are most commonly unilateral or at any 
rate much more marked on one side. Tuberculous cavities sometimes contain multiple 
concrements resembling those seen in so-called pyelogenic cysts. 

The frequency given for parenchymal calcifications varies from one author to another. 
In half of our cases patients coming for examination for the first time had an already old 
process in spite of the fact that in several cases the process was detected in patients 
without symptoms of renal tuberculosis in connection with examination for other purposes 
(OLLE OLSSON, 1944). In patients with genital tuberculosis and tuberculosis of the bone 
and joints, a concomitant renal tuberculosis should be looked for. The high incidence of 
calcifications in comparison with older material is most probably due to advances in tech
nologic background for roentgen examination. The calcifications vary widely in type, 
form, and density from minute calcifications hardly detectable to massive formations of 
the type seen in putty kidney. 

In putty kidney and partial putty kidney the roentgen findings are pathognomonic. 
Other types of calcification in renal tuberculosis are usually not diagnostically charac
teristic and may not differ from parenchymal calcifications of other origin. 

Calcifications in tuberculous material are sometimes seen in the ureter, particularly 
in the ureteric stump after nephrectomy, in the seminal vesicles, in the prostatic gland, and 
on occasion in the wall of the urinary bladder. They are very rare in tuberculous 
epididymitis. 

Calcification is a late pathologic sign, of course, yet it may be seen in patients with 
only a short history or no history at all. We have not infrequently seen calcifications as 
part of advanced lesions in patients who cannot remember ever having had any urinary 
symptoms. It is also well known that a putty kidney is often an incidental finding in pa
tients who have no history at all or only slight non-characteristic symptoms. This implies 
that even advanced tuberculous infection of the kidney may sometimes be completely 
asymptomatic. 

In all roentgen examinations for renal tuberculosis due attention should be given to 
those parts of the skeleton included in plain roentgenograms of the urinary tract. Since 
renal tuberculosis and skeletal tuberculosis belong to the same phase of infection, they 
often appear together. Sometimes spondylitis in the lumbar spine with or without abscess 
can be seen (see Fig. 209). The abscess may displace one or both kidneys. Ileosacral tuber
culosis may also be demonstrated. Pleural changes in the base of the thorax are often seen 
in plain roentgenograms of the kidneys. It is taken for granted that the reader is familiar 
with the roentgen findings in extrarenal tuberculosis e. g. chest, bone and joints. 

2. Urography and pyelography 

Ulcero-cavernous renal tuberculosis can be diagnosed by urography or pyelography 
because of the fact that the foci are in open communication with, or cause changes in, the 
renal pelvis. This also holds for the earliest form of renal tuberculosis, i. e. ulceration of 
a single papilla. Contrast urine in the renal pelvis will fill the ulceration. This often has 
the appearance of a small round or oval cavity with a somewhat irregular outline and in 
more or less wide communication with the calyx (Figs. 189, 190; see also Fig. 193). The 
connection may on occasion consist only of a fine duct. A more superficial ulceration of 
the papilla will be seen only as an irregularity in the outline of one calyx. In more exten
sive lesions a filling will be obtained of sometimes large cavities of more or less irregular 
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a b 

Fig. 192. Widespread unilateral chronic renal tuberculosis with irregular cavities in communication with most 
calyces. a) Urography: density of contrast urine somewhat decreased. b) Pyelogram of operation specimen for 

comparison with urogram 

a b 

Fig. 193. a) Irregular cavity in communication with micro· calyx in middle of kidney. b) One year later, chemo· 
therapy: complete blocking of calyx 

outline in the renal parenchyma (Figs. 191, 192; see also Figs. 194, 195, 209). In some 
cases a filling may be obtained of only a small cavity, while at pyelography will be seen 
displacement of the adjacent calyces, indicating more extensive involvement. This dis
crepancy may be due to the cavity being very thick-walled or being filled with necrotic 
material permitting the flow of only a small amount of contrast medium into it. Some-

16* 
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a b c 

Fig. 194. a) Cavity in caudal part of left kidney. Stenosis of corresponding calyx and shrinkage of caudal 
branch. Cherno-therapy. b) Five years later, plain roentgenogram: irregular calcification at site of cavity. In
dentation in lateral contour of kidney corresponding to calcification. c) Urography: blocking of calyx at site of 

calcification. Pursing oflower branch 

a b 

Fig. 195. Rapid blocking. a) Chronic tuberculosis in lower pole with large irregular cavities. b) Three months 
after institution of cherno-therapy: complete blocking of caudal branch. Shrinkage of caudal kidney pole 

times no filling at all is obtained of the cavity, which then appears only as an expanding 
process by the displacement of the calyces (see Fig. 209), or it may even remain concealed. 
Cases are on record (OLLE OLSSON, 1943) in which fairly large intrarenal tuberculous foci 
were shut off from the renal pelvis by stenosis in a branch in such a way that the roentgen 
anatomy of the renal pelvis appeared normal. 

A special type of ulceration is that in which several, sometimes all, papillae are the 
seat of small relatively superficial ulcerations. This type of ulceration must not be mistaken 
for so-called medullary sponge kidney (see Chapter 0). In long-standing processes the 
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a 

b 
Fig. 196. Widespread, long-standing, bilateral renal tuberculosis. a) Urography: complete auto-amputation 
of cranial branch bilaterally and of middle calyx group on right side. Multiple small and larger cavities in 
communication with most calyces on both sides. b) Plain roentgenogram 8 years later: partial putty kidney. 

Left cranial pole completely calcified 

wall of the cavern may be quite smooth, and such a cavity may contain one or more 
concrements. 

Even such an early change as ulceration of a single papilla may be associated with a 
narrowing of the calyx draining the papilla. This stenosis is initially due to edema but 
in more advanced cases to granulation tissue and finally to shrinkage. Then the calyx 
often becomes dilated and the ob~truction of the flow results in increased destruction of 
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a b c 

Fig. 197. Examples of marked tendency to shrinkage of kidney pelvis in longstanding chronic tuberculosis. 
a) Complete exclusion of middle calyces. Distortion of stem of adjacent calyces and almost complete obstruction 
of base of cranial branch. b) Blocking of small calyx belonging to middle part of kidney and severe obstruction of 
base of caudal branch. c) Blocking of calyces to middle part of kidney. Cavities in communication with filled 

calyces. Severe distortion of confluence laterally. Pursing of branches 

Fig. 198. Different types of tuberculous ureteritis. Slightly irregular outline of kidney pelvis and of part of ureter. 
Cavities in cranial kidney pole in both cases 

the parenchyma. When the stenosis involves an entire branch the latter often terminates 
in a series of more or less well defined cavities in the parenchyma. The narrowing may 
make it difficult to obtain a filling and make prolonged ureteric compression necessary 
during the urographic procedure. Experience has also shown that urography with prolonged 
compression is a better method than pyelography for obtaining a filling of cavities almost 
completely occluded. 
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By severe narrowing one (Fig. 193) or more calyces (Fig. 194) may be occluded or even 
an entire branch (Figs. 195, 196), so-called auto-amputation of part of the renal pelvis. 
A calyx or a branch may, as mentioned, be shut off completely in such a way as to prevent 
demonstration of the lesion in the pyelogram. The films must be carefully compared with 
those taken previously, particularly at check examination during chemo-therapy, in 
order to permit detection of any occlusion of a minor part of the renal pelvis. 

Distortion of one or more calyces by cicatrization of tuberculous tissue usually pro
duces characteristic pyelographic changes in advanced renal tuberculosis (Fig. 197). 

It is important to take films in different planes in order to ascertain in what part 
of the kidney a tuberculous process is located, in particular whether it is situated in the 
ventral or dorsal part of the kidney. This is of importance in contemplated partial 
nephrectomy and can be determined easily during urography by turning the patient in 
suitable projections. It may be occasionally advisable to examine the patient in the prone 
position also, in order to obtain a filling of cavities situated in the ventral part of the 
kidney. 

The appearance of a typical pyelogram in renal tuberculosis is often described in the 
literature as resembling that of a marguerite, a brush, a sod, or some other fanciful object. 
Such pictorial descriptions based on single cases or projections are dilettantish and their 
use is unjustified. Roentgendiagnostics with the use of appropriate methods and adap
tation of the technique to meet the requirements of the individual case aims at recognizing 
changes that can be described in patho-anatomic terms. 

a ) Ureteric changes 

(Figs. 198-200) 

Even relatively small tuberculous foci in the kidney are capable of causing dilatation of 
the ureter. Such a change has often been regarded as being of functional origin. It is 

a 

Fig. 199. Renal tuberculosis. a) Solitary papillary ulceration in caudal kidney pole. Narrowing of stem of calyx 
draining the affected papilla. b) Slight ureteric stenosis due to edema in ureteric orifice and demonstrable in 

continuous filling of ureter and slight dilatation 
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usually due, however, to edema around the ureteric orifice with slight obstruction and stasis 
as a consequence. Early ureteritis, with edema of the mucosa, then, is seen in the roent
genogram as a slight dilatation of the ureter and a slight irregular outline. Strictures are 
more common causes of dilatation. They are prone to occur at those levels where the ureter 
is normally narrow, i. e. at the pelviureteric junction and in the ureteric orifice in the uri
nary bladder (Fig. 200). The strictures may be short or long, single or multiple. In the 
beginning the narrowing is due to edema, later to granulation tissue, and eventually to 
shrinkage. Changes in the lower part of the ureter and in the bladder around the ureteric orifice 
particularly, can cause severe ureteric dilatation. Ureteritis may be confined to the actual 
ureteric orifice, just as it may extend a fair distance up the ureter with marked narrowing 
of the lumen as a consequence. 

a b c 

Fig. 200. a) Tuberculous stricture at distal ureteric end. b) and c) Tuberculous cystitis around the ureteric orifice. 
Note outline of thick wall of ureter (arrows) 

Ureteric changes may be caused or accentuated by trauma sustained during cathe
terization, for example. A very well verified case has been described by ERICSSON and 
LINDBOM (1950) in which neither at urography nor at subsequent pyelography could any 
evidence of a pathologic condition in the ureter be seen. Four months later, however, 
edema was demonstrated at the level to which the tip of the catheter had been passed 
during the previous pyelography, and another six months later a stricture was found at 
the same level, with dilatation of the ureter proximal thereto. 

The examiner should always be on the watch for ureteric changes, and many uro
logists are of the opinion that if nephrectomy is indicated the operation should always be 
extended to include ureterectomy. On review of seven patients who had definite tuber
culous involvement of the ureter at the time of nephrectomy, SENGER et al. (1947) found 
the ureter to be sclerotic in five cases and dilated in one, and found empyema of the stump 
in one case. Inflammat·on of the lower part of the ureter or the urinary bladder (Figs. 
201, 202, 203) can cause destruction in the remaining kidney by increasing the intrapelvic 
pressure. This mechanism has often been the cause of death in uremia after nephrectomy, 
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a b 

Fig. 201. Bladder tuberculosis. a) Left·sided, long.standing kidney tuberculosis with marked dilatation of 
kidney pelvis and ureter on "normal" right side. Marked edema in bladder mucosa except for small part on 
right side. Thickening of bladder wall. Dilatation on right side caused by bladder changes. b) Left part of bladder 

free of changes. Right.sided renal tuberculosis 

Fig. 202 Fig. 203 

Fig. 202 . Irregular contracted bladder. Marked dilatation of ureters. Prostatic abscess 

Fig. 203. Urethrocystography: irregular, contracted bladder. Prostatic abscesses. Calcified seminal vesicles. 
Multiple urethral strictures 
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although the remaining kidney was free of tuberculosis. Note the French expression "la 
mort du rein restant" (eIBERT, 1946). 

Nephrectomy in cases with shrunken bladder may be followed by marked dilatation 
of the ureteric stump which then serves as a supplementary bladder, so to speak 
(Fig. 204). 

Fig. 204. Contracted bladder with dilatation of ureter to remaining left kidney and of right ureter stump after 
nephrectomy. Ureter stump increases capacity of contracted bladder 

b) Excretion of contrast medium during urography 

The chang0s described above can be demonstrated not only by pyelography but also 
by urography if the excretion of contrast medium is good. The excretion of contrast me
dium was as follows in our material of renal tuberculosis (OLLE OLSSON, 1943, 1946), 
in which every case was examined urographically: in approximately half of the cases the 
contrast urine excreted was of good density and in about two-thirds ofthese cases the den
sity was excellent. In the other half the density was low, and in about one-tenth of the 
whole material there was no excretion at all. 

A certain correlation was found between the density of the contrast urine and the 
amount of non-functioning renal parechyma. When the lesions were small the density of 
the contrast urine was normal or only slightly decreased, but when the lesions had in
volved most or all of the kidney, the density was very poor or no contrast urine was ex
creted. Despite large changes the density was often good, however, because that part of 
the renal pelvis draining the affected portion of the kidney was shut off. The pelvis was 
then filled with urine of ordinary density excreted from unaffected parts of the kidney. 

Small lesions can thus, as a rule, be diagnosed under optimal contrast conditions. All 
of our cases with ulceration of a solitary papilla could be diagnosed urographically. Large 
lesions, on the other hand, can be observed even when the excretion of contrast medium is 
severely impaired. In cases with no excretion, pyelography may be useful, but then asso
ciated changes in the bladder and/or ureter often make catheterization impossible. 
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It should be observed that a kidney showing poor excretion of contrast medium may 
still have some reserve capacity. We have seen a case with widespread tuberculous lesions 
in one kidney and no demonstrable excretion of contrast medium. The patient had an 
attack of pain because of stone in the ureter on the "normal" side. There was no excretion 
at all on this side at urography during the attack, but slight excretion by the tuberculous 
kidney from which no excretion could previously be demonstrated. 

Low density of contrast medium excreted has often been ascribed to some toxic 
effect involving the whole kidney. It is apparent from the remarks set forth above, however, 
that the density of the contrast medium is to some extent proportional to the amount 
of functioning renal parenchyma. An observation arguing against a general toxic effect 
being responsible for poor concentration of excreted contrast medium is that in double 
kidney with tuberculous lesions in only one half of the kidney, the density of the contrast 
urine in that half will be low, but in the other half excellent. This is borne out still more dis
tinctly by the phenomenon described under the name of selective pyelography (OLLE OLSSON, 
1943): In films taken immediately after injection of the contrast medium, the latter will 
be first excreted only in normal calyces draining unaffected renal parenchyma. After these 
calyces have been filled the renal pelvis will be filled from them in retrograde direction. 
The entire renal pelvis is thus filled with contrast urine excreted by unaffected parts 
of the renal parenchyma. Sometimes urine of low contrast density may appear simultane
ously in calyces draining affected parts of the renal parenchyma. The contrast density 
of the urine coming from unaffected parts of the kidney is normal. When this urine is 
afterwards diluted with urine in the major portion of the renal pelvis the density of all the 
contrast medium accumulated in the renal pelvis may be low, but the fact that urine of 
ordinary contrast density can be excreted from one or more unaffected papillae in a kid
ney harboring widespread tuberculous lesions definitely argues against any general toxic 
effect on the renal parenchyma influencing the excretion of contrast medium. It should 
be stressed that the general toxic effect on the renal parenchyma is discussed here only 
in regard to its influence on the excretion of contrast urine. 

c) Renal angiography 
In the discussion of angiography it must never be forgotten that urography and 

especially pyelography have their greatest value in the investigation of open tuberculosis, 
which sheds bacilli into the urinary tract with the risk of the disease spreading to the ureter 
and bladder. With these methods lesions can be demonstrated in the renal pelvis and in 
the ureter and parenchymal changes can be seen only if they are in open communication 
with, or distort the renal pelvis. They do not yield detailed information on lesions within 
the actual renal parenchyma shut off from the renal pelvis. Recent therapeutic advances 
have created an ever-increasing demand for information on parenchymal involvement. 
Chemotherapy leads to blockage owing to shrinkage of single calyces or major parts of the 
renal pelvis. The extent of a process can then no longer be judged from the contrast 
filling of the renal pelvis. Conservative therapy therefore makes information on the kidney 
parenchyma necessary. If partial nephrectomy is contemplated, knowledge is desirable 
not only of the anatomy of the vessels but still more of the extent of the disease, particu
larly within the renal parenchyma. Renal angiography is valuable not only because it 
demonstrates the vasculature of the kidney and any vascular changes in the region of 
tuberculous foci, but also because in the nephrogram the state of the renal parenchyma 
can be studied. (WEYDE, 1952,1954; FRIMANN-DAHL, 1955; OLLE OLSSON, 1955, 1962). 

The arteriograms will make possible demonstration of dislocation of vessels around an 
inflammatory focus, variation in size or irregularity in outline of vessels, any abrupt termina
tion of vessels by thrombi or by endarteritis and new formation of vessels (Fig. 208). On the 
basis of autopsy studies AMBROSETTI and SESENNA( 1955) have endeavored to refine the diag
nosis by means of arteriography. Their investigation is of particular interest in the discussion 
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a 

b c 

Fig. 205. Right-sided renal tuberculosis. a) Urography: Marked shrinkage and exclusion of cranial part of kidney 
pelvis. b) Angiography, arterial phase: Only slight vascularity in cranial kidney pole. c) Nephrographic 

phase: Fairly well demarcated tuberculous focus in greater part of cranial pole 

of so-called tuberculous infarctions in the kidney due to tuberculous endarteritis. They 
have also contributed to our knowledge of fine vascular changes in tuberculosis. As yet, 
however, the findings in the nephrogram are in my opinion the most important. The nephro
gram yields most information on the extent of the tuberculous process in the kidney and 
its exact localisation (Fig. 205-207). It must be remembered, however, that because of 
disturbances in the circulation around the tuberculous focus the nephrogram may suggest 
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that a pathologic process is larger than it really is and in other cases with small changes 
it may not be possible to assess the full extent of the process because of a relatively thick 
overlying mass of normal renal tissue. The best information is obtainable from combined 
angiography and simultaneous multiplane body-section radiography. 

Renal angiography will also make possible demonstration of reduction in the caliber 
of the renal artery and thereby the reduction in amount of functioning renal parenchyma. 

a b c 

Fig. 206. Right-sided renal tuberculosis with at urography: (a) papillary ulcerations in middle and upper part 
of kidney and large cavity in cranial pole. b) and c) Angiography, arterial and nephrographic phases: no vascu
larity in fairly well demarcated parenchymal lesion in cranial kidney pole with diameter of 3 cm. Other changes 

only papillary 

This adds renal tuberculosis to diseases with those fundamental problems related to po
tential renal function which can be solved by means of renal angiography. These problems 
are discussed in Chapter E. 

3. Differential diagnosis 

It cannot be emphasized enough that scarcely any of the roentgen findings in renal 
tuberculosis are pathognomonic. The wide variation in extent, age and form of tubercu
lous changes calls for caution in the interpretation of the roentgen findings. On the other 
hand, this fact stresses the necessity of keeping this disease in mind when encountering 
changes of the type mentioned, particularly in countries where renal tuberculosis is seldom 
seen. Many nontuberculous processes can cause changes similar to those seen in different 
stages of renal tuberculosis. It has also been claimed that the only truly pathognomonic 
change in renal tuberculosis is that of putty kidney. Marked irregular cicatrization and 
distortion of the renal pelvis are also fairly characteristic. A diagnosis of renal tuberculosis 
cannot be made as a rule, however, on the basis of roentgen examination only. Roentgen 
examination will permit a probable diagnosis, but a firm diagnosis requires demonstration 
of tubercle bacilli. 

If the lesions are small, they must be differentiated from fornix reflux described by 
OLLE OLSSON (1943, 1948) and LINDBOM (1943). In urograms small sinus refluxes often 
simulate papillary ulcerations. Should such a change appear during examination, ureteric 
compression should be prolonged. The reflux will then spread and the contrast medium 
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a b 

c 

Fig. 207. Long-standing right-sided tuberculosis. a) Urography: Complete blocking of cranial branch. Increased 
volume of cranial kidney pole. b) Renal angiography, Nephrogram: Large thin-walled cavity in cranial pole. 
Partial nephrectomy of upper half of right kidney. Specimen. Resected part of kidney is completely cavernous 

with caseation and wide-spread fresh tuberculous granulation tissue. c) Operative specimen 
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ooze down along the stems of the calyces and possibly further into the sinus. If the exam
ination cannot be prolonged, the patient may be re-examined after an interval of one to 
two weeks, by which time the fornical rupture will have healed. The so-called tubular 
reflux in pyelography, which can also be demonstrated at urography during ureteric com
pression and is then due to tubular stasis, usually offers no differential-diagnostic diffi
culties. Pathologic processes of differential diagnostic importance are also papillary ne
crosis, pyelogenic cyst, calyceal border evagination, calyx hypoplasia with spherical 
calyces and hydro calyx caused by calculi, for example. If the process is more advanced, 
secondary renal changes due to stone and various stages of pyelonephritis may offer 

a b 

Fig. 208. a) Urography: deeply split kidney pelvis. Tuberculosis in each papilla of distal half of kidney. b) Angio
graphy, arterial phase: slight displacement, in a curve cranially, of branches at middle of kidney. Low vascu
larity in caudal half of kidney with marked vasculitis. Arteries and parenchyma corresponding to upper part of 

kidney pelvis without changes 

differential-diagnostic difficulties. The differential diagnosis can ultimately be established 
by bacteriologic examination. In most cases nowadays, however, the problem is not the 
differential diagnosis of tuberculosis versus, for example, non-specific pyelonephritis with 
papillary destruction, but the inclusion of tuberculosis in the differential-diagnostic dis
cussion of changes of the type often seen in pyelonephritis. 

The vascular changes caused by renal tuberculosis and demonstrable at angiography 
are fairly characteristic but not pathognomonic. If the tuberculous process has an expan
sive character and vascular changes are seen during angiography, with demonstration 
of an unsharp border between affected parenchyma and normal parenchyma in the nephro
graphic phase, the changes may be mistaken for tumor. Therefore, also in this respect, 
the possibility of tuberculosis, although rare, must always be kept in mind. 



256 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

4. Follow-up examinations 

Conservative treatment has made knowledge of the roentgenographic course of renal 
tuberculosis imperative. The course varies widely. If the vital resistance is low, the pro
cess may progress rapidly, while accidentally detected cases such as renal tuberculosis 
in males discovered in association with epididymitis show that it can run a very slow and 
insidious course with increasing cavitation or with healing with cicatrization, block
age of the calyces and calcification. Blockage of a single calyx or of a major part of the 
renal pelvis can run a course of many years. On the other hand, such blockage may occasi
onally progress rapidly and be complete within three to four months, even without chemo
therapy. This variation in the course should be remembered in the roentgenologic eva
luation of the effect of conservative treatment, particularly chemotherapy. It should also 
be borne in mind that renal tuberculosis does not heal with restitutio ad integrum but with 
some type of definite deformation of the renal pelvis (Figs. 209, 210; see also Figs. 193, 
195). 

A question of great importance formerly was, and to some extent still is, whether 
the disease is unilateral or bilateral in a given case of renal tuberculosis. Now that it is 
widely accepted that infection occurs on both sides simultaneously, but that it may develop 
in different ways in the two kidneys, it appears that the conservative attitude adopted towards 
renal tuberculosis in recent years is well founded. This provides a possibility of following 
the course with repeated roentgen examination for a long period. Such repeated control 
is, of course, necessary - especially for assessment of the effect of therapy, chemotherapy 
in particular. As a rule, renal tuberculosis thus requires roentgen follow-up. After nephrec
tomy the patient should be examined at long intervals mainly for checking of any progres
sion of tuberculous lesions known to exist in the remaining kidney, of the development 
of any lesions in the remaining kidney and of any vesical or ureteric obstruction causing 
ureteric stenosis with hydronephrosis and impairment of renal function as a consequence. 
It is, however, largely the use of chemotherapy that has made check examinations so 
necessary in renal tuberculosis. All check examinations should be performed in the same 
way as the original examination. Thus, if prolonged ureteric compression was necessary 
to demonstrate a cavity, it should also be applied at check examination. 

At repeat examinations it can be shown that untreated renal tuberculosis runs a 
variable course and that the process may remain stationary for several years, or it may even 
regress, with stricture and distortion of part of the renal pelvis. As mentioned, this must 
be taken into consideration in the evaluation of the effect of therapy. In cases with chemo
therapy, scar formation at the pelviureteric junction or in the ureter may develop rapidly 
and cause complete obstruction. It may also be local in any part of the kidney pelvis 
(GAY, 1949; CAVAZZANA and MENEGHINE, 1956). Such occlusion, as mentioned, may occur 
rapidly after institution of therapy with tuberculostatics. HANLEY (1955) stresses the 
importance of check radiography as early as a few months after the institution of conser
vative therapy to detect any obstruction of drainage of the renal pelvis. 

Pathologically such occlusion is a sign of regression, but clinically it may sometimes 
be considered a progression. Scar formation and shrinkage may result in a stricture of a 
calyx or a branch of the renal pelvis. Behind this closure, however, the process may be 
florid (see Fig. 207). Such shrinkage may also be localized to the pelviureteric junction or 
to the ureterovesical junction and give rise to hydronephrosis with all the risks thereby 
entailed. 

In some cases the obstruction is not due to scar formation but to edema and specific 
granulation tissue and should not be mistaken for a sign of healing. Calcifications in the 
parenchyma demonstrable in plain radiograms, a sharp outline of the process in the ne
phrogram, or no further changes in the rest of the kidney since the foregoing examination 
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are signs of regression. Any regression of papillary ulceration will be manifested by sharper 
definition of the previously irregular outlines of the papillae against the renal pelvis and 
by a smoothing out of the ragged outline of filled cavities. 

a b 

c d 

Fig. 209. Check examinations during conservative treatment of left-sided tuberculosis. Patient had many 
tuberculous lesions in chest, spine, pelvis, etc. and her vital resistance was low. Responded slowly to conservative 
therapy, now well. a) Slight irregularity of edge of next-to-lowermost calyx. b) One year later: small cavity 
formation. c) Another three years later: large cavity with displacement of nearby calyces. Cavity wall fairly 
smooth. d) Five years later: complete exclusion of cavity. Note spondylitis with abscess displacing kidney 

laterally. Calcifications in abscess 

As mentioned, many urologists consider partial nephrectomy to be indicated in the 
treatment of well defined local lesions, usually located in the poles of the kidney. The ap
pearance of the kidney in check roentgenograms after partial nephrectomy will be the same 
as after the same type of operation for other diseases. 

17 Handbuch deT med. Radiologie, Bd. XIII!l 
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a b c 

e 

Fig. 210. Bilateral tuberculosis refractory to chemo-therapy with progression in left kidney. Plain roentgeno
grams of left kidney. a) Slight calcifications in caudal pole. b) Five years later: small irregular calcifications 
in middle of kidney and cranial pole. c) Another three years later: wider-spread calcifications in most pyramids 
d), e), f) Urography at corresponding intervals: progressive changes with caseation, blocking, and decreased 

function 

III. General observations on examination methods in renal tuberculosis 

Much has been written about the relative merits of pyelography and urography in 
the diagnosis of ulcero-cavernous renal tuberculosis. Both methods are useful and often 
supplement one another. Pyelography requires catheterization, which is sometimes not 
possible owing to changes in the urinary bladder or to ureteric stricture, for example. 
On the other hand, a necessary condition for successful urography is that the kidney 
still possesses some functional capacity. Urography should first be tried, however, since 
experience has shown that both cystoscopy and catheterization of the ureter are attended 
by risks, particularly if these examinations must often be repeated for check examination, 
such as during chemotherapy. In addition, the injection of contrast medium may cause 
pyelovenous reflux with spread of tubercle bacilli into the blood stream. A well verified 
case has been described by LINDBOM (1944) in which such reflux caused fatal miliary 
tuberculosis. As mentioned, urography may also cause reflux but this is, as a rule, a sinus 
reflux and extremely seldom a pyelovenous reflux (see chapter Pl. As pointed out previ-
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ously, urography will not only permit establishment of the diagnosis but also yield the 
detailed information required by modern methods of treatment. The importance of uro
graphy was brought into sharp focus by OLLE OLSSON (1943) on the basis of a large tuber
culosis series. It has been emphasized by CIBERT (1946), ERICSSON and LINDBOM (1950), 
FRIMANN-DAHL (1955) and others. 

The roentgen examination methods used have varied with the advances made in the 
treatment of tuberculosis. The history of the treatment of renal tuberculosis falls into 
three periods. The first period is characterized by Albarran's law: Unilateral renal tuber
culosis = nephrectomy. For such cases pyelography was a good diagnostic method. Then 
followed the period of conservative therapy, which required repeated check radiography. 
After systematic investigations had confirmed the value of urography, that procedure 
became the method of choice. Urography permits check examinations at fairly short 
intervals with scarcely any risk and only slight inconvenience to the patient. (During 
such check examinations proper shielding for ray protection of the patient's gonads is 
of course imperative.) 

The third period is characterized by a combination of conservative and surgical ther
apy, namely partial nephrectomy or cavernostomy in association with conservative medi
cal treatment. This type of treatment requires knowledge of the extent of the process in 
the parenchyma. Renal angiography, particularly the nephrogram, yields valuable in
formation on this point and on vascular anatomy and is therefore now an important 
diagnostic method in renal tuberculosis. 

I. Primary vascular lesions 

Renal function is intimately related to the blood supply to the kidneys. Investigation 
of the renal vasculature is therefore important in many situations. Changes occur in the 
pattern of the renal vessels in a variety of renal diseases and characteristic abnormalities 
may then be demonstrated by angiography. When this is the case, the appearance of the 
pathologic findings is described in association with the underlying disease, e. g. vascular 
atrophy in the chapter on stone and hydronephrosis, pathologic vessels in renal car
cinomas in the chapter on renal tumors, etc., usually under the sub-heading of renal angio
graphy. These vascular changes are secondary to or part of a primary renal disease. 
Certain primary vascular changes are also of great roentgen-diagnostic interest: 

I. Arteriosclerosis, fibroplasia, and other types of arterial disease 

Of changes in the renal artery, arteriosclerosis is the most common. In plain roentgeno
grams arteriosclerotic changes can be seen if calcification of the process is present. Often 
intimal calcifications are present in the lumbar aorta and sometimes these calcifications 
include the region of the origin of the renal arteries. A calcified complete, or incomplete 
ring is seen in one or both sides at the mouth of the renal artery. Occasionally, more wide
spread calcifications are seen in the intrarenal branches. Usually, however, calcifications 
in most branches of the renal artery are due to medial calcificationsy (Fig. 211, 212). 

At angiography, indentations are seen in the aorta and the origin of the renal artery 
on one or both sides. In the presence of multiple renal arteries all arteries may have 
corresponding changes. The plaques sometimes stenose the arterial lumen markedly and 
a post-stenotic dilatation is often present. The stenosis may be complete (Fig. 214). 
In stenoses varying from marked to complete, a collateral circulation may develop 
(Fig. 215). Such a development may be very rapid. Thus in acute occlusion of a renal artery, 
collateral circulation can be demonstrated angiographically within a few hours. 

17* 
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Fig. 211. Intimal calcifications in arteriosclerosis localized to wall of lumbar aorta, main artery, and large 
intrarenal branches 

a b 

Fig. 212. Intimal calcifications in arteriosclerosis. a) Plain roentgenograms of both kidneys: calcifications in 
intrarenal arterial branches. b) Urogram including oblique view, right kidney: calcifications immediately 

outside kidney pelvis 
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Fig. 212 b 

a 

b 

Fig. 213: Calcifications in main renal arteries in intrarenal branches and in supplementary arteries to caudal 
pole bilaterally. a) Plain roentgenography. b) Urography 
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Many arteries can contribute to this collateral circulation: capsular arteries, lumbar 
arteries, suprarenal arteries, etc. Occasionally these arteries form a large, irregular net 
of markedly tortuous vessels. Such arteries may cause impressions in the renal pelvis and 
in the ureter. Slight impressions may also be made in the renal pelvis and the ureter by 
anatomically ordinary arteries because of wall rigidity and tortuosity. 

a 

b 

Fig. 214. Arteriosclerosis. Long·standing, severe hypertension. Renal angiography: a) Marked arteriosclerotic 
changes in aorta. Left renal artery almost completely occluded at origin. Slight changes in proximal part of 
right renal artery. b) Nephrogram: normal parenchyma in somewhat large right kidney. Very small, irregular, 

atrophic left kidney. Operation: small contracted kidney. Organized thrombus in renal artery 

The arteriosclerotic changes may cause diminished bloodflow to the kidney and thus 
cause decrease in kidney size (Fig. 216). Mention should be made of the possibility of 
atheromatous emboli to the kidneys. Single or multiple emboli from arteriosclerotic plaques 
may pass into the kidneys, either spontaneously or in connection with a catheterization 
procedure and cause local infarction or generalized shrinkage (CIEVIEWICH, 1969). 
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Arterial stenosis will also cause delay in the transport of contrast medium to the kid
ney parenchyma. At urography this will cause changes in excretion time of the kidney and 
emptying time of the kidney pelvis and the ureter (see chapter on urography). At angio
tomography, a kidney with arterial stenosis has lower opacification initially than has 
an ordinary kidney (LIESE, 1960; RATHE, 1961). Not only parenchymal changes but 
also vascular changes may be caused by radiation in connection with radio-therapy , where the 

Fig. 215. Collateral arterial circulation 

kidneys are in the field of radiation. These changes may consist of more or less marked, 
single or multiple narrowings of one or both renal arteries which in turn, secondarily, may 
further affect renal parenchyma. The stenosis caused by the radiation may have the same 
appearance as a stenosis seen in patients with renal hypertension (Fig. 217). 

Peri adventitial fibrosis causes an external constriction of the artery, for example by 
bands from the pleura diaphragmatica (BROLIN, 1967). Such constriction is funnel-shaped, 
concentric, and has smooth contours. Occasionally it is irregular in outline and cannot 
be differentiated from an arteriosclerotic stenosis. A combination of the two is also pos
sible. 

Fibroplasia may also affect the medial layer, the sub adventitial layer and the intimal 
layer of the arterial wall. 

Intimal fibroplasia and so-called fibromuscular hyperplasia (Fig. 218) affect the 
middle and/or the distal third of the renal artery, contrary to arteriosclerosis in which 
the proximal part is most commonly involved (PALUBINSKAS, 1961). The artery has several 
short narrowings and, in between, a slight widening which gives the appearance of a string 
of beads. Fibromuscular hyperplasia may also be combined with arteriosclerosis. In the 
early stage the disease gives no definite angiographic changes. 

It has been suggested that fibromuscular hyperplasia should be related to alternate 
stretching and relaxation in cases in which the kidney has an increased, pathologic mo
bility. Angiographic examination, with the patient in recumbent and upright positions, 
has been proposed. Experiments in dogs (ROFFIELD, 1969) did not corroborate this view. 

GILL and MEANEY (1969), in reviewing a material of 203 patients with medial fibro
plasia, found that the disease was more severe on the right side in patients with unilateral 
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c 

Fig. 216. Renal hypertension, rapid sequence. a) Urography, early phase: excretion on both sides. Filling of 
calyces, kidney pelvis, and ureter on right side. Filling of only calyces on left side. Left kidney markedly smaller 
than right kidney. b) Urography, late phase: higher concentration of contrast urine on left side as compared 
with right side. Notching in upper part of ureter medially. Impression in confluence part of renal pelvis at base 
of branches. c) Angiography: marked stenosis in left renal artery. Post-stenotic dilatation. Descending ventral 
branch impresses kidney pelvis laterally. Widened ureteric artery impresses upper part of ureter 
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Fig. 217. Radiation therapy because of seminoma with glandular metastases 10 years before actual examination 
Dose to right kidney = 3,280 Rad, to right renal artery = 3,150 Rad, to left renal artery = 1,050 Rad. Stenosis 

both renal arteries. In addition, chronic glomerulonephritis 

Fig. 218. Fibromuscular hyperplasia in the right renal artery to mobile kidney 
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disease and that it was commonly of greater severity on the right side than on the left in 
patients with bilateral disease. The authors suggest that ptosis may playa role in at least 
aggravating the disease process. KINCAID et al. (1968) found that the disease affects pre
dominantly young adults and that it occurs in women more than four times as frequently 

a 

b 

Fig. 219. Development of stenosis in renal artery. a) Slight stenosis in main renal artery on left side. b) Thirteen 
months later: stenosis has markedly increased and post-stenotic dilatation is developing 

as in men. The authors classify the lesions as multifocal, focal, and tubular. In 12 out of 84 
patients with multifocal disease, aneurysms had formed and renal artery dissection was 
present in five of a total of 125 patients, renal artery occlusion in five patients, and rena 
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infarction in 13 patients. Involvement of arteries other than the renal arteries is occasion
ally seen. 

Repetitive studies of different types of stenosing arterial lesions have been made by 
MEANEY et al. (1968) with intervals of six months to ten years in 91 hypertensive 
patients with arteriosclerotic (39 cases) and non-arteriosclerotic (52 cases) lesions of 
the renal artery. The non-arteriosclerotic lesions were medial fibroplasia with aneurysms, 
sub adventitial fibroplasia, intimal fibroplasia, and fibromuscular hyperplasia. In 10 of 
the 39 arteriosclerotic arteries, the stenosis increased and thrombosis occurred in four 
cases (Fig. 219). In the other group progress occurred in only four cases. KINCAID et al. 
(1968), however, found lesions develop significantly in six out of 16 repeat examinations 
in fibroplasia. 

Arteriosclerotic changes occur progressively in patients as a result of aging, increasing 
markedly in very old patients. Alteration in the arcuate arteries is said to express the 
process of aging more frequently and invariably than other vascular changes, and these 
alterations appear to progress in a centripetal pattern in the kidney. Smaller peripheral 
vascular changes thus precede abnormalities in the larger, more central vessels (DAVID
SON et al., 1969). 

Dissection of the artery may occasionally be seen in connection with stenosis. 
Mention should be made here of lesion in the arterial wall and dissection caused by the 

tip of the catheter and the contrast injection in renal angiography. Such subintimal in
jection of contrast medium can cause a slight to complete block of the passage through 
the artery. The subintimal fluid is usually rapidly absorbed and passage re-established. 

II. Arterial aneurysms 
Arterial aneurysms may be true or false. The latter are due to rupture of an artery and 

consist of hematomas in a connective tissue capsule and may assume considerable pro
portions. True aneurysms consist of local widening involving the entire arterial wall. 
They are small, usually less than one centimeter in diameter, most frequently rounded, but 

a - ----_ ..... b 

Fig. 220. Multiple small arterial aneurysms throughout the kidney. a) Arterial phase. b) Late arterial phase: 
some aneurysms still filled with contrast medium. Clinical diagnosis = polyangiitis nodosa 
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occasionally fusiform. Sometimes, however, they may be fairly large and irregular. Aneur
ysms may be single or multiple. Fairly large aneurysms are most often single, but two 
aneurysms in the same kidney is not a rare phenomenon; cases have been reported with 
four aneurysms of this type in the same kidney (ACKER et al., 1962). Aneurysms may be 
bilateral, but this is a rare phenomenon. However, an incidence of five cases of bilateral 
aneurysms out of seven cases has been reported by EDSMAN (1957). Small aneurysms in 
great numbers throughout the kidney can be seen in polyangiitis nodosa (FLEMING and 
STERN, 1965) and in connection with rheumatic disease (Fig. 220). 

Aneurysms may arise in the main renal artery and in a supplementary artery. They 
are usually seen in age groups above 50 years. Renal artery aneurysms are relatively rare 
and much less common than aneurysms in the splenic artery, for example. 

The false aneurysm is often traumatic and consists of a hematoma communicating 
with an arterial lumen. Small traumatic aneurysms may entirely resemble true aneurysms, 
however. True aneurysms have the same causes as aneurysms elsewhere. Their inci
dence, pathologic anatomy, etc., have been described thoroughly by ABESHOUSE 
(1951). NEWBIT and CRENSHAW (1956) write: "Although renal artery aneurysms are 
rare, the prognosis of the untreated case is so extremely grave that the practicing uro
logist should acquaint himself with the entity." Mycotic aneurysms are the result of an 
infected embolus. CLARK, McNAMARA and PALUBINSKAS (1972) report a case of mycotic 
aneurysm due to an infection with staphylococcus aureus in the kidney and review the 
literature on this lesion. 

According to La Place's law, an aneurysm increasing in size and with a corresponding 
thinning of the wall shows an increasing risk of rupture. 

Plain radiography, urography and angiography 

Aneurysms often calcify and then appear as irregular, more or less distinct crescent
shaped or circular calcifications 1-3 cm in diameter. The calcifications are seen as a ring, 
with a small defect corresponding to the neck of the aneurysm, i. e. its connection with the 
renal artery. Other types of fragmentation may also occur, however, since the wall of the 

a b 

Fig. 221. Large arterial aneurysm. a) Plain roentgenogram: The calcification is open cranially, corresponding 
to wide communication with main renal artery. b) Arteriogram: contrast filling of aneurysm 
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aneurysm is irregularly calcified and calcium plaques lying in different planes can be partly 
superimposed upon one another. The calcifications, which may be large, are usually situated 
outside, but close to the kidney (Figs. 221, 222). Occasionally, however, they are seen within 
the kidney. They may occasionally be fairly long and assume the shape of irregular tubes. 
A calcified aneurysm in the renal artery has the same appearance as a calcified aneurysm 
in the splenic artery, which is much more common and therefore well known to the radio
logist. Coexistent aneurysm calcifications may be seen in the renal artery and in the splenic 
artery. In the presence of aneurysm arteriosclerotic calcifications are often seen also in 
other vessels, usually in the lumbar aorta. On suitable projection, it is always easy to deter
mine the relation of the calcifications to the kidney. Stereoscopy is unnecessary, as is 
tomography. BOIJSEN and KOHLER (1963) reported on a material from our department of 
12 patients with aneurysms in whom calcifications were seen in four cases. In two of these 
the entire wall excluding the neck of the aneurysm was calcified. In the third case the 

a b c 

Fig. 222. Arterial aneurysm. a) Plain roentgenogram: Irregular uncharacteristic calcification. b) Urogram: 
Calcification is localized outside the kidney pelvis. c) Arteriogram: filling of aneurysm corresponding to calci

fication 

calcification was irregular and fairly small, while in the fourth case the mural calcification 
resembled a renal calculus. Calcification may be seen in an aneurysm on one side, whereas 
an aneurysm in the other kidney may be uncalcified. 

In urography and pyelography the calcifications will be seen adjacent to the renal pel
vis and will often cause an indentation in the latter, usually in the upper medial part of 
the renal pelvis because the renal artery always enters the sinus in this region. The inden
tation may be of the same type as that caused by a bend in a tortuous artery. In exceptional 
cases it may be tumor-like, however (MATHE, 1948; TIBKANNAN, 1955). Changes in the 
renal parenchyma can occasionally be seen concomitant with aneurysm, consisting of a 
local scar formation or generalized reduction of parenchyma. The parenchymal changes, 
especially in traumatic aneurysms, may be so marked as to cause complete cessation of 
excretion of contrast medium. 

Angiography is naturally the rational diagnostic procedure to demonstrate aneurysms. 
The shape and size of the aneurysm can be demonstrated, as well as possible thrombosis 
in the aneurysm. Usually the aneurysm is of the saccular type, but fusiform aneurysms 
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with a fairly long extension in an arterial branch are not rare. They may be very irregular. 
Contrast blood may be retained in the aneurysm for a few seconds. 

Aneurysm must be distinguished from post-stenotic dilatation, which can occur in 
the renal artery, as in any other artery. This type of dilatation is occasionally called jet 
aneurysm. 

As mentioned above, aneurysms are often calcified. This is by no means always the 
case, however. Arterial aneurysms not demonstrable in plain roentgenograms or producing 
no filling defect in pyelograms are discovered, often accidentally, at renal angiography 
performed for some specific purpose (Fig. 223). 

Fig. 223. Arterial aneurysm in bifurcation between dorsal and ventral branches of renal artery (in addition to 
cysts in upper pole of kidney, which was indication for angiography) 

a b 

Ji'ig. 224. False aneurysm. Several punctures of right kidney were made. At urography one month later an expan
sivity in the kidney was noted. At angiography (because of the latter) a large irregular aneurysm was seen 
corresponding to origin of dorsal branch of renal artery. a) Arterial phase. b) Nephrographic phase: aneurysm 

still filled with contrast blood 
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It may be concluded that an aneurysm need not be calcified and that a calcified 
aneurysm on one side may be accompanied by an un calcified aneurysm on the other side 
and that renal angiography is, of course, the most rational diagnostic method. Aortic 
renal angiography or bilateral selective angiography is thus always indicated if arterial 
aneurysm is suspected because of pain or hematuria, or if a calcified aneurysm is found on 
one side. 

III. Arteriovenous anastomoses and fistulae 
Arteriovenous communications may be congenital or acquired. The congenital arterio

venous aneurysm or hemangioma is a rare phenomenon, usually with small changes 

a b 

c 

Fig. 225. Arteriovenous aneurysm. At acute urography because of right. sided renal colic and hematuria, stasis 
on right side was found. Pyelography: blocking of lower branch of kidney pelvis. Suspicion of tumor. Angio
graphy: a) Arterial phase: dorsal branch of renal artery is somewhat widened. Filling of arteriovenous aneurysm. 

b) Nephrographic phase: aneurysm still filled. c) Partial nephrectomy. Arteriography of specimen 
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Fig. 226. Arteriovenous aneurysm, 2 cm in diameter, lower pole, left kidney 

a b 

Fig. 227. Large racemose hemangioma in right kidney. Acute renal colic with marked hematuria. a) At uro
graphy: large blood clot in right ureter. b) Angiography performed because of the latter 
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consisting of a net of thin, irregular arteries, and may be seen in connection with pyelone
phritis (Fig. 225, 226). A hemangioma may be fairly large, however (Fig. 227). We have 
had a case where at urography a marked displacement laterally of the lower part of the 
kidney pelvis was seen, with an even impression in the confluence and lower branch, medi
ally. The expansive lesion was assumed to be a tumor or cyst. At renal angiography, 
however, a large arteriovenous aneurysm, a hemangioma, was found. (The same kidney, 
as it happened, harbored a small renal carcinoma in the upper pole, which could not be 
seen in plain films or at urography). The hemangioma may be very small and may be loca
lized at the tip of the papilla. Hemangiomas of this type are difficult to demonstrate angio
graphically. Thus ANDERSSON et al. (1967) described eight cases out of which five could 

Fig. 228 Fig. 229 

Fig. 228. Large arteriovenous fistula after nephrectomy 

Fig. 229. Large arteriovenous fistula due to percutaneous needle biopsy 2 years previously 

not be demonstrated angiographically. All of these hemangiomas were less than 10 mm 
in diameter and of the capillary type with very thin vessels. 

Acquired arteriovenous fistulae are a common occurrence nowadays. Their origin 
may be traumatic, the trauma being most commonly iatrogenic, related either to operation 
or to needle biopsy. They may also be caused by rupture of an arterial aneurysm into a 
vein, by an organized hematoma connecting artery and vein, or rupture in connection with 
blunt trauma to the kidney. They may result from a penetrating trauma, for example a 
bullet wound. A very slight trauma is sufficient to cause arteriovenous fistulae in pathologic 
renal parenchyma, for example polycystic disease (CHISHOLM, 1966). 

Large arteriovenous fistulae are seen in surgery as a sequela of a nephrectomy (Fig. 
228). SCHWARTZ et al. (1955) described a case with an arteriovenous connection between the 
stump of the renal artery and the renal vein five years after nephrectomy. 

The most common cause, however, is needle biopsy (Fig. 229). The first description 
of angiographic diagnosis of arteriovenous fistulae related to renal biopsy came from our 

18 Handbuch der med. Radiologie, Ed. XIII!1 
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department (BOIJSEN and KOHLER, 1962) and the same year another report was presented 
by FERNSTROM and LINDBLOM. A large number of reports have followed (see literature 
survey in EKELUND and LINDHOLM, 1971). The latter authors report on arteriovenous 
fistulae in eight patients in a material of 1464 renal angiographies. All the patients had 
been subjected to percutaneous renal biopsy. In an angiographic material consisting of 
140 cases where selective renal angiography was performed immediately before and after 
biopsy LUNDSTROM (1971) found arteriovenous fistulae in 22 cases. It is noteworthy that 
none of these cases had clinical signs, not even murmur or thrill over the kidney. In 
addition, in several cases, a local disturbance of the blood flow was seen as a small ischemic 
zone surrounding the puncture site. In a number of cases perirenal hematomas were produ
ced by the biopsy procedure (see chapter on injury to the kidney). 

a b 

Fig. 230. a) Arteriovenous fistula in upper part of right kidney 10 days after percutaneous needle biopsy (glo
merulonephritis). b) Angiography 16 months later: fistula now closed 

There is a relationship between the frequency of fistulae and the time interval be
tween biopsy and angiography, with a great number of fistulae close to the time of biopsy. 
This means that arteriovenous fistulae may close spontaneously (Fig. 230, 231). Such 
spontaneous closure has been reported by BENNET and WIENER 1965), NILSON and Ross 
(1967), EKELUND and LINDHOLM (1971). HALPERN (1969) has reported five cases of spon
taneous closure of fistulae caused by trauma other than biopsy. 

EKELUND (1971) has studied the tendency to spontaneous closure of renal arterio
venous fistulae experimentally in rabbits. Repeat angiography two months after kidney 
puncture in 20 rabbits with proved fistulae revealed closure in 14 cases (70 %), indicating 
that treatment of such fistulae should be primarily conservative. 

EKELUND (1971) suggests a relation between arteriovenous aneurysm and bleeding 
in connection with biopsy, and therefore recommends prevention of bleeding by the use 
of fibrinolytic inhibitors given to the patient before biopsy. In an experimental study in 
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a b c 

Fig. 231. a) Large arteriovenous fistula after percutaneous needle biopsy. b) and c) Post-operative conditions 
after extirpation of fistula 

a b 

Fig. 232. Arteriovenous shunt in forearm. Contrast medium injected into the venous half of the shunt. To the 
left: after conventional de-clotting but before streptokinase infusion, clot obstructing lumen at the teflon tip. 

To the right: one day later after streptokinase infusion, complete disappearance of clotting 

18* 
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rabbits, anti-fibrinolytic premedication with tranexamic acid (Cyclocaprone) had a signi
ficant effect upon fistula formation, with a marked decrease in frequency. 

Studies of renal flow in cases with arteriovenous fistulae were made in experimental 
animals and in human patients by EKELUND et al. (1971). The course of arteriovenous 
fistulae after biopsy could be studied closely with repeated angiography and dye-dilution ex
aminations, and in older fistulae the shunt flow could be estimated. Pharmaco-angiography 
with angiotensin allowed for increased accuracy in diagnosing fistulae. The smallest fis
tulae could be detected only with the dye-dilution technique. 

Certain types of malignant renal tumors which may show considerable arteriovenous 
shunting may be mentioned here from a differential-diagnostic point of view (see chapter 
0). These may in this respect resemble arteriovenous aneurysms in the brain, which are 
occasionally difficult to differentiate from malignant tumor, especially glioblastoma multi
forme with marked arteriovenous shunting and cerebral metastases from a highly vas
cularized renal carcinoma. 

a b c d 

Fig. 233. Shunt for dialysis in forearm. a) and b) Frontal and lateral view, local thrombosis. c) and d) Corre· 
sponding projection after treatment with streptokinase. Marked regression of thrombosis 

A special type of arteriovenous fistula is that operatively established for hemodialysis. 
Such a fistula may be external or subcutaneous. 

Extracorporeal arteriovenous shunts were used in patients by ALWALL et al. (1949) 
but did not come into wider use until all-silastic shunt material was available (QUINTON 
et al., 1960). Subcutaneous direct arteriovenous fistulae were designed by BRESCIA et al. 
(1966). 

The shunts are usually placed in the forearm, in most cases distally, occasionally in 
the lower leg. They may be placed more centrally in the brachial or femoral artery, espe
cially in children. Because of clotting or other trouble, angiography may be indicated (Figs. 
232, 233). The angiographic technique depends upon the nature of the problem and is 
mainly of the same type as that used for all kinds of angiography of peripheral vessels. 

In open shunts the vessels are directly accessible; in closed shunts arteriography or 
phlebography may be performed with conventional technique (HURWICH, 1968). In our 
material the most common indication for shuntography is suspected clotting. If such clot· 
ting has been established, control examinations after rinsing or treatment with strepto
kinase, for example, may be indicated. 
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IV. Emboli and thrombosis in the renal artery 

Autopsy studies have shown that emboli in the renal artery are not uncommon in 
cardiac disease, primarily rheumatic heart disease with atrial fibrillation and arterio
sclerotic cardiovascular disease (HALPERN, 1967). The infarction is usually small and 
causes only mild clinical symptoms. When the embolus is somewhat larger, especially jf 
it obstructs the entire renal artery, acute symptoms occur. In such cases roentgen exami
nation in the acute stage is occasionally performed because the clinical picture of the patient 
is that of renal colic or of an acute abdominal attack of unknown origin. The kidney may 
be enlarged and surrounded by edema. Contrast excretion during urography is impaired 
or has ceased. 

a b 

Fig. 234. Embolus in branch of renal artery caused by clot formation in catheter in renal angiography. a) Angio
gram, arteriographic phase: first injection: normal conditions; b) second injection: embolus in second branch 
directed cranially. c) and d) Corresponding nephrographic phases. In d) large filling defect in cranial kidney 

pole corresponding to field of nutrition by embolized branch 
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If the infarction is small, the outline of the kidney after the lesion has healed will 
sometimes show an indentation at the site of the infarction. At renal angiography small 
indentations in the outline of the kidney are seen in the nephrographic phase due to scarring 
after the infarctions. If the infarction involves the entire kidney, the roentgenologic 
course is characteristic: the kidney, which is initially somewhat enlarged, decreases pro
gressively in size and becomes a small, shrunken kidney. At urography the excretion is 
impaired. At pyelography the renal pelvis is shown to be of ordinary shape and to 
diminish with the reduction in the size of the kidney. LIEDHOLM (1944) described 
a pathognomonic triad allowing diagnosis of complete block by embolus of a renal artery, 
namely no excretion of contrast urine at urography, progressive reduction in the size of 
the kidney, and normal retrograde pyelogram. It should be pointed out that infection often 
supervenes and causes considerable change in both the kidney and renal pelvis. 

Fig. 235. Complete block by embolus of left renal artery in patient with cardiac arythmia. In addition, marked 
arteriosclerotic changes 

The rational method for diagnosing embolus is renal angiography. This method can 
be used to demonstrate either complete block of the renal artery or incomplete block of 
the blood flow (Figs. 234, 235, 236). Marked vascular constriction is usually seen in bran
ches distal to an incomplete block. An embolus or several emboli may also be localized in 
more peripheral branches. 

An embolus is often situated in the ventral branch of the renal artery because this 
branch is the direct extension of the main renal artery. 

A clot formation in or on the catheter may occasionally cause embolization of a branch 
peripherally in the kidney at renal angiography (Fig. 234). 

For instance, in connection with trauma to the kidney, a complete thrombosis of the 
renal artery may occur. In the acute stage a marked edema is usually seen and there is 
complete loss of kidney function at urography. Later on, shrinkage occurs. 

HALPERN points out the possibility of using the catheter for direct intra-arterial per
fusion of the renal artery with heparin in cases of acute renal artery embolus. In addition, 
a vaso-dilating drug such as papaverine can be used to counteract the effects of renal vaso
spasm. 
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Fig. 236. Complete right-sided arterial stenosis due to blunt trauma to the abdomen 

Angiography is valuable not only in the diagnosis of an embolisation of the renal ar
tery or its branches but also as a check procedure after attempted thrombolysis (BOTTGER 

et al., 1971). 

V. Thrombosis of the renal vein 
(Figs. 237-240) 

Obstruction of the renal vein by tumor has been described in Chapter O. 
Renal vein thrombosis may develop in the same way as thrombosis elsewhere. Itis uncom

mon and when it occurs may be unilateral or bilateral and is usually a serious compli
cation in an already serious disease. It is more common in children than in adults and is 
associated with infarction of the kidney. The patient experiences severe pain in the flank 
and runs a temperature. This infarction has sometimes been demonstrated at roentgen 
examination during an acute attack of pain by the finding that the kidney was enlarged, 
that at urography the excretion of contrast urine was absent or delayed, and that large 
filling defects could be seen in the renal pelvis due to blood clots (EIKNER and BOBECK, 

1956). This type ofthrombosis is said to indicate immediate nephrectomy. If nephrectomy 
is not performed, the kidney will end up as a small atrophic kidney. 

Other types of renal thrombosis with a less acute and less serious course have been 
revealed through angiography. In such cases the thrombosis may give an incomplete block 
or the thrombosed vein may be recanalized. In many cases collaterals also develop. Nor
mally the kidney is drained by small subcapsular veins to intrarenal veins which drain into 
the main renal vein. The subcapsular veins anastomose with a venous net in the perirenal 
fat and this vein net is in communication with the adrenal veins, the gonadal veins, and the 
ureteric veins. This venous system can take over flow in blockage of the main renal vein. 
It must be noted that the left kidney has somewhat better collateral conditions than the 
right kidney because the gonadal and adrenal veins on the left side empty into the renal 
vein, on the right side, directly into the caval vein. 

HELLE KANT and KAUDE (1972) have reported on our material of renal vein throm
bosis, 24 cases, three of which had traumatic cause. One was iatrogenic, caused by pro
longed catheterization in connection with a clinico-physiologic study. 
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c 

Fig. 237. Renal vein thrombosis. a) Urography: marked indentations in right kidney pelvis and ureter. b) Trans
renal phlebography: complete block of renal vein and marked filling of venous collaterals in kidney and along 
ureter. c) In another patient: marked indentations in renal pelvis and ureter, right side. d) Phlebography: 

marked venous collaterals 
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Transparietal renal phlebography in the left kidney was used by GILSANZ et al. (1971) 
to study conditions of the veins in patients with a nephrotic syndrome and revealed a 
relative frequency of the association between obstructions of the left renal vein and the 
nephrotic syndrome due to primary or secondary glomerular lesions. 

Thrombosis may also be seen in connection with circulatory decompensation in chil
dren. 

Acute renal vein thrombosis is known as a serious complication in gastrointestinal 
infection and dehydration. 

The kidney in acute stages is large and plump in plain films; it is of normal size and 
shape in later stages and is small and irregular in outline in end stages. 

The excretion of contrast medium at urography may be normal. However, it is usu
ally absent in serious thrombosis, whereas it may be delayed in partial thrombosis. Inden-

Fig. 237 d 

tations on the kidney pelvis and the ureter of wide venous collaterals can be seen (Fig. 
239). 

A reduction in caliber of the renal artery at renal angiography was seen in 25 % of 
our cases and together with incomplete filling of peripheral arterial branches, a prolonged 
arterial phase, decreased concentration in the nephrographic phase, and reflux to the aorta 
at selective technique, is a sign of increased peripheral resistance in the kidney. 

Collateral veins were occasionally filled. The angiographic findings were normal in 
connection with complete recanalization of the thrombus in two cases. 

Recanalization and partial obstruction can be demonstrated at phlebography. Per
cutaneous transrenal phlebography can be used to demonstrate collaterals and complete 
block of the renal vein. 
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a 

c 

Fig. 238. Renal vein thrombosis and hydronephrosis. a) and b) Renal angiography, arterial and late nephro
graphic-early venous phase: practically complete atrophy of parenchyma. Main venous trunk blocked. Intra
renal veins stretched. Filling of spermatic vein. c) Selective phlebography: main renal vein thin and markedly 

irregular, recanalized thrombosed vein (patho-anatomically verified). Venous drainage via collaterals 
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a b 

Fig. 239. Thrombosis of left renal vein. a) Urography: irregular impressions in branches and confluence of left 
kidney pelvis and in upper part of ureter. b) Phlebography: wide collateral veins 

a b 

Fig. 240. Blockage of inferior caval vein. Multitude of venous coJlaterals. a) Urography: impressions by dilated 
venous branches in kidney pelvis and proximal part of left ureter. b) Phlebography: corresponding to impres· 

sions: wide, tortuous collaterals along left ureter 

Varices 
Varices may occasionally be seen in the kidneys. Widened veins may at urography 

be seen to cause filling defects or indentations in the renal pelvis and in the ureter (Fig. 
239, 240, 241). The nature of these indentations can be clearly demonstrated at phlebo
graphy. Wide tortuous veins are occasionally seen in the wall of a simple cyst. 
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Fig. 241. Operative anastomosis between splenic artery and main renal artery on left side. Complete long stenosis 
of main renal artery 

VI. Roentgen-diagnostics in renal hypertension 

In the search for a renal genesis for hypertensive disease, several types of renal le
sions may be considered. Chronic pyelonephritis is most common in our material, but 
other types of generalized parenchymal disease are also common. Polycystic disease, 
poly angiitis nodosa, healed renal rupture, radiation nephritis, chronic perirenal hematoma 
may also be found responsible for hypertensive disease. 

Renal arterial stenosis is the lesion which attracts particular interest in this connection. 
It is an uncommon cause of renal hypertension in our material, as compared with chronic 
pyelonephritis, for example. Surgical therapy is available, however; therefore diagnosis 
of the condition and study of its relation to hypertensive disease is important. 

The type and frequency of stenosing arterial disease have been described in previous 
chapters. The changes should be diagnosed, preferably and rationally with the use of 
angiography. As patients with hypertensive disease represent a very large group, screening 
tests have been used in an attempt to sort out patients with arterial stenosis. 

In plain roentgenography of the urinary tract a small kidney on one side may indicate 
stenosis of the corresponding renal artery. Slight asymmetry in length is a frequent finding 
normally, but asymmetry in length of one centimeter or more may suggest renal arterial 
stenosis (DARN, 1961). AMPLATZ (1964) reviewed 80 proved cases of renal vascular hyper
tension caused by unilateral renal artery stenosis and found a discrepancy in kidney 
size of 1.5 centimeters in only 56 % of the cases. He points out the importance of keeping 
in mind the fact that both kidneys may be equal in size or that the involved kidney may 
be even larger if duplication of the collecting system is present. 

In patients suffering from arterial hypertension, the right kidney is said to assume a 
relatively high position (GARTI and SALINGER, 1969). It has also been shown (GARTI 
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et al., 1971) that the level of origin of the renal arteries is significantly higher in hyperten
sive patients than in normal patients. 

Specific modifications may be used at urography to stress a possible difference between 
a side with stenosis and a side with ordinary flow. The stenosis will cause diminished flow 
of contrast blood through the kidney. Rapid sequence films after injection of contrast 
will make it possible to demonstrate a slight delay in appearance of the nephrographic 
phase and appearance of contrast medium in the kidney pelvis. Induced diuresis with urea 
and saline or manite will, on the other hand, wash out excreted contrast urine more easily 
on the side not stenosed (AMPLATZ, 1964). Because of prolonged passage through tubules 
due to decrease in back pressure and a corresponding increase in reabsorbtion of water 
the concentration of the contrast urine on the stenotic side will be greater. This is easily 
seen on occasions, at the end of the urographic examination. 

KANEKO (1970) in a comparison of rapid sequence urography with washout urography 
using manite, found that the relation between a stenotic lesion and a positive finding was 
better in rapid sequence urography than in washout urography. The former method was 
positive in 82 % of cases with stenosis of the renal artery, the latter method in 76 %. 

Delay in the emptying of the renal pelvis on the stenotic side may be found at urogra
phy, because of the slower production of urine on that side, and in sequence urograms the 
number of ureteric contractions on the stenotic side may be seen to be less than 
on the other side. At urography collaterals in connection with a severe stenosis may be 
seen. These collaterals cause indentations in the kidney pelvis and in the ureter (THOMAS 
and LEVIN, 1961; HALPERN and EVANS, 1962). 

WOLFE and WILSON (1971) found in animal experiments that kidneys with a moderate 
unilateral renal artery stenosis did not respond to renovaso-dilator drugs. 

The rational method for the diagnosis of arterial changes is angiography. When angio
graphy is used in the search for arterial stenosis in hypertensive patients, the examination 
should preferably first, or only, be made with aortic injection, in order to study both renal 
arteries. The aortic injection guarantees filling also of the part of the renal artery close 
to the aorta - the origin of the renal artery. A direct comparison of both sides is also 
possible from aortic injections with films in slight, oblique views. In addition, localized 
spasm in the renal artery can be avoided through aortic injection. It is well known that the 
catheter or the injection pressure at selective studies can cause spasm at the site of the tip 
of the catheter or peripheral to this. Also, an intimal lesion can occur through careless 
catheterization of a renal artery, causing slight, severe or complete stenosis of the renal 
artery. WELZER et al. (1961) in aortography of 821 patients, found 417 with renal arterial 
stenosis. Of these cases 276 were found in patients with hypertensive disease. FOLIN (1967), 
in reviewing a material on changes in the main trunk of the main renal artery, found ar
teriosclerotic stenosis in 25 patients, peri adventitial fibrosis in eight, fibromuscular hyper
plasia in four, and arteriitis, intimal fold, and aneurysm in one case each. (For further 
references, see KINCAID, 1966). 

Each stenosis detected is not necessarily responsible for the hypertensive disease. 
The stenosis must have a hemodynamic significance. This can be evaluated by exchanging 
the catheter for selective angiography with a thin catheter which can be passed through 
the stenosis for pressure measurement over the stenotic area (AMPLATZ, 1962). Even a 
small pressure gradient may be significant but the gradient is usually in excess of 40 mm/Hg. 
If no pressure gradient is found, a lesion can be considered hemodynamically insignificant, 
thus indicating that no improvement in blood flow can be expected through surgery 
(AMPLATZ, 1964). 

GARSTEN et al. (1971) draw attention to the demonstration at angiography of ante
grade flow in extrarenal arteries arising distal to a renal arterial stenosis in order to eva
luate the degree of hemodynamic significance. 

The diminished flow through a kidney with arterial stenosis at renal phlebography 
causes prolonged washout time of the contrast medium in the vein (ABRAMS, 1971). 
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Thus it is possible with roentgen-diagnostic methods to arrive at a diagnosis of renal 
arterial stenosis and to a great extent also to arrive at significant conclusions as to the 
hemodynamic effects of a stenosis. 

In connection with stenosis of the celiac axis, a steal mechanism with diversion of 
blood for the kidney through various adrenal collaterals to the splanchnic region may be 
seen (ALFIDI et al., 1972). Renal artery blood flow measurements proximal and distal to 
the steal have shown significant diversion of arterial bloodflow through the steal. The 
authors suggest this as a rare cause for renal vascular hypertension. 

Fig. 242. Hematuria in patient with hemophilia. Kidney pelvis and ureter completely filled with coagulum 

Anastomosis operations are occasionally undertaken between, for example, the splenic 
artery and the renal artery (Fig. 241). Renal angiography is useful in checking results of 
operative treatment of an arterial stenosis in these as in other procedures. 

Addendum 

Roentgen examination of patients with hematuria. Most cases of hematuria call for 
thorough roentgenologic investigation, particularly so if the hematuria is localized as 
coming from one ureter. 

In hematuria, blood clots may form in the kidney pelvis, the ureter, and the bladder. 
Such blood-clot formation may fill the entire lumen (Fig. 242) and thus make it impossible 
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to study details in the urinary pathways. Blood clot may also mimic expansivities intruding 
upon the lumen, or they may give a false impression of the size of a tumor in the lumen by 
adding to the volume of the tumor. 

After hematuria has ceased, search must be concentrated on the vaguest details, 
such as small calcifications with low calcium content, small irregularities in the shape of 
the kidney and the kidney pelvis, etc. A thorough preparation of the patient is necessary 
and should never be omitted. 

If no changes are seen in plain films with suitable projections, at pyelography or uro
graphy, or if changes are seen which do not permit a definite diagnosis, the rational diag
nostic procedure in bleeding is examination of the vasculature-renal angiography. 
At this examination pathologic processes are often found which produce no or vague uro
graphic symptoms. Such lesions may be vascular, for example hemangiomas, arterio
venous fistulae. Diagnosis of these is important because they may be difficult to find at 
an exploratory operation. If a pre-operative diagnosis is not made, nephrectomy may be 
necessary instead of a small resection. It must be strictly kept in mind that marked 
hematuria may be caused by bleeding from superficial hemangiomas smaller in size than 
can be detected at even a highly qualified angiographic procedure. Thus in a material of 
eight patients referred to above, all with solitary hemangioma in a kidney, the heman
gioma could be demonstrated angiographically in only three cases, whereas the hemangioma 
was small (below one centimeter in diameter) and localized at the tip of a papilla in five 
cases. 

In the examination of patients with hematuria the following rule should govern all 
roentgen-diagnostic procedures: Use the method with judgment and for good indications 
but once a decision is made to use it, it must be used to its full advantage, with every detail 
of the diagnostic procedure as perfect as possible. 

J. Injury to kidney and ureter 

The importance of diagnosing possible renal injury in connection with trauma to 
the trunk has increased greatly, particularly with the increasing number of traffic acci
dents. Roentgen examination not only plays an important role in the diagnosis, but also 
acts as a guide in deciding whether treatment should be active or expectant. 

Opinions differ on the clinical evaluation of renal damage especially as to whether 
treatment should be conservative or surgical, the choice of cases for surgery, and the time 
for such operation. Some authors adopt a very active attitude, while others prefer to 
try conservative treatment as long as possible. Without assuming any definite attitude 
regarding these questions, it may be stated that the opinions of all except adherents of 
most active surgery are based to a large extent on the roentgen findings. There are two 
points of particular interest in the discussion of roentgen examination, namely the exam
ination method and the time of the examination. 

It should be pointed out already here that opinion as to treatment has been given 
a much better basis for judgment since the introduction of angiography in the examination 
of patients with suspected renal rupture. 

The first question to be decided upon is whether or not pyelography should be per
formed. Many consider this examination contra-indicated on the grounds that instru
mentation can cause a recurrence of hemorrhage by detaching a clot and, secondly, that 
the examination involves risk of infection. The question then is what information can be 
obtained by methods not requiring instrumentation. 

There is wide agreement that the examination should be performed as soon as possible, 
in order that the roentgen findings may be included in the data to be considered in the 
decision as to type of treatment: conservative or active. This opinion is supported by the 
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fact that renal damage often produces few symptoms during the first few hours and that 
symptoms from the urinary tract may be masked by symptoms from other organs, with 
the result that valuable time is lost before institution of treatment of possible renal lesions. 

I. Classification of renal ruptures 

ADAMS (1943) recognized three groups of renal ruptures: 
1. contusions and the sub-groups 

a) without subcapsular hematoma and 
b) with subcapsular hematoma; 

2. fracture with sub-groups 
a) incomplete and 
b) complete; 

3. tears in the renal vessels or ureter. 
The third type is usually associated with other severe renal injuries but may occur 

alone. To the last-mentioned injuries may be added post-traumatic infarction of the kid
ney, which may occur because of a secondary thrombosis. This consequence of trauma 
has received increased theoretic interest since the publication of cases in which vascular 
spasm was assumed to be the cause of the infarcts, and since the work of TRUETA et al. 
(1947) (compilation by LYNCH and LARGE, 1951). This classification is based on clinical 
pathological findings. Classifications based partly on roentgen findings are also available. 
McKAY et al. (1949) distinguishes thus between three types of renal rupture: 

1. patients with intact pyelograms and clear renal and psoas contours not requiring 
exploration; 
2. patients with any rupture of the renal collecting system or loss of renal and psoas 
contours requiring exploration within 72 hours; 
3. patients in unresponsive or recurring shock due to rupture of the renal vascular 
pedicle, requiring operation as an immediate lifesaving measure. 
HODGES et al. (1951) recommend the following classification: 
1. minor injuries; 
2. major injuries; 
3. critical injuries. 
Urographic or pyelographic demonstration that the pelvis and calcyceal systems 

are intact is the greatest single criterion for placing injuries in the minor group. To the 
second group are assigned cases with evidence of urinary extravasation in the retrograde 
pyelogram. Since perirenal hematoma belongs to the latter group, plain radiography is 
of importance for classification. In the group "critical injuries" urography is necessary 
only in order to check that the kidney on the other side is not damaged. Like all other 
classifications, this one is incomplete in so far as there may be evidence of extravasation 
without the injury's being classified as major. 

The renal rupture may vary from a small capsular rupture or a medullary scratch to 
small or large fractures of the renal parenchyma and, further, to total contusion of the kid
ney or laceration of the renal pedicle. In capsular damage, possible in connection with 
parenchymal damage, a perirenal hematoma may develop, and may enclose the entire 
kidney, or it may be localized around the actual rupture of the capsule. If the capsule is 
intact, the hematoma may be intra capsular. 

The changes that can be demonstrated roentgenographically thus are: a change in 
the bed of the kidney and a change in the size, shape and position of the kidney. Extra
vasation of contrast medium and patency of the ureter can be demonstrated at pyelo
graphy and urography. Urography also allows for evaluation of the state of renal function. 

Renal angiography is a most important examination method leading to basic con
clusions as to the state of the kidney parenchyma and of the kidney vasculature. 



Urography and pyelography 289 

II. Plain radiography 

The discussion of roentgen examination of patients with renal injury has been centered 
mainly on the question as to whether pyelography or urography is preferable; it appears 
that the valuable information available from plain radiography has not received the at
tention it deserves. This examination is usually made in the acute stage with the patient 
unprepared, so that intestinal contents may make it difficult to study the anatomy of 
the retroperitoneal space. Trauma may have caused local or generalized meteorism, which 
may make the analysis still more difficult. 

A reflex skoliosis of the spine, with the concavity facing the injured side, is sometimes 
present. This must be remembered in the evaluation of the edge of the psoas muscle. A 
blurring of the edge of the psoas muscle in a case with trauma to the trunk is frequently 
referred to as a sign of kidney rupture. Even slight skoliosis, true or due to the position 
of the patient on the examination table, may, however, cause the sharp outline of the psoas 
muscle to disappear, and this should then not be interpreted as being due to bleeding or 
edema. 

Injury to the tissues around the kidney causes changes that may be misinterpreted 
as renal damage. Laceration of muscles can, for example, cause perirenal hematoma and 
displace the kidney. A perirenal hematoma may be so local as to simulate a local bulge 
in the outline of the kidney. In the presence of a large perirenal hematoma the retroperi
toneal soft tissue anatomy is blurred and an increased density is seen. The kidney can be 
displaced in different ways, depending upon the site and the longest diameter of the hema
toma. The kidney is displaced easiest by a hematoma situated dorsally, where the cap
sular space is broadest and loosest, so that the kidney will be displaced ventrally. This 
increases the object-film distance and thereby produces an enlargement of the image 
of the kidney in the film. This should not be interpreted as a true enlargement of the kidney 
due to intracapsular hemorrhage. 

If the hematoma is intrarenal, the kidney will be enlarged and plump, but well defined. 
At plain radiography, fractures will also often be seen of one or more of the lower 

ribs or of the transverse process of one or more lumbar vertebrae. If a transverse process 
is fractured, a hematoma will often be seen in the psoas muscle. The lateral edge of the 
muscle is then well defined in its cranial part, for instance, whereas further down a soft 
tissue density is seen, due to hematoma. The caudal renal pole may then be displaced 
laterally by the hematoma, and urography is then usually necessary to demonstrate 
whether or not the kidney is intact. 

III. Urography and pyelography 

If plain radiography is possible (Figs. 243-251), urography is usually also possible. 
In recent years more and more authors have realized the diagnostic possibilities of uro
graphy in renal injury. It is also now widely believed that urography should be given pre
ference and retrograde pyelography should be resorted to only if information obtained 
by urography is uncertain (LJUNGGREN, 1936). Critical voices have also been raised against 
urography, however. In 1951 HODGES et al. wrote: "Moreover, it has become increasingly 
apparent in this study that excretory urography, while extremely valuable in demonstrat
ing the presence of a normally functioning kidney on the opposite side, is frequently un
satisfactory in delineating the extent of injury on the affected side." I completely agree 
with this view as will be evident below on discussing renal angiography. 

An important advantage of urography is that information is immediately available 
as to whether or not the contralateral kidney is functioning. Cases are on record in which 
nephrectomy for renal rupture has been performed on patients with only one kidney. 

19 Handbuch der med. Radiologie, Bd. XlIII] 
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Fig. 243. Trauma to right kidney. Acute urography: from middle calyces. filling of wide rupture through kidney 
out to capsule 

Fig. 244. Kidney fracture. Trauma to back (fall from bar during gymnastics). Hematuria. Urography 33 minutes 
after injection of contrast medium, no ureteric compression. Straight rupture from middle calyx to surface. 
Perirenal hematoma. Contrast urine escapes through rupture and spreads in sinus along adjacent parts of 

kidney pelvis as in sinus backflow 

The urographic findings in renal injury may be divided into two groups: 1. cases where 
excretion is observed; 2. cases where no excretion is observed. In the latter group, which 
includes few of the cases of renal rupture, a clot may block excretion, or the kidney may 
be so severely damaged as not to function. It must be stressed in this connection that 
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a b 

Fig. 245. 8-year-old girl. Traffic accident. a) Urography two weeks after trauma: from ruptures in cranial calyces, 
filling of irregular cavity in cranial part of kidney. b) Four years later: marked shrinkage of cranial pole of kid

ney. Otherwise normal 

a b 

Fig. 246. Kidney rupture with intra- and extrarenal hematoma. Car accident. Hematuria. a) Urography: en
largement ofleft kidney; impaired excretion; deformity of kidney pelvis. Ureter normal. Conservative treatment 
b) 6 weeks later: marked regression of kidney size. Contrast excretion fairly good; ruptured cranial branch and 

contrast-filled irregular cavity in cranial pole 

19* 
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a 

c 

Fig. 247. Fall from horse. Shock. Hematuria. Roentgen examination during acute stage: retroperitoneal hema
toma to the left. a) Urography: contrast excretion on left side; incomplete filling; compression of kidney pelvis. 
No extravasation. Ureter normal. b) 17 days later: normal excretion. No rupture. Kidney flattened by retro-

peritoneal residual hematoma. c) P/2 years later: normal urogram 

there is no evidence of the possibility of shock or reflex anuria being responsible for 
non-functioning of only one of the kidneys. If, at urography, function is absent on one 
side only, pyelography may be resorted to. It must be kept in mind that it is of great 
importance to check whether or not the ureter has been torn. Laceration will cause 
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extravasation of contrast medium and the localization and degree of rupture can be 
estimated. 

Pyelography in cases with suspected renal damage should always be performed under 
fluoroscopic control in order to avoid refluxes simulating traumatic rupture. 

The specific type of rupture called lateral flexion injury should be mentioned here. 
A trauma may cause such a marked lateral flexion of the body that the contra-lateral 
ureter may rupture. At urography in such a case, leakage of contrast urine may be seen 
and no filling of the ureter is obtained (LOPEZ, 1971). 

In the group of cases with excretion during urography, the situation can usually be 
cleared up without the use of pyelography. Pyelography need be employed to check the 
possibility of ureteric rupture only in those cases in which no contrast medium passes 
into the ureter. Special attention should be given to those films taken soon after the in
jection of contrast medium, in order to determine which parts of the kidney are excreting 

a b c 

Fig. 24S. 7 -year-old girl. Traffic accident. a) Acute urography: marked compression of caudal part of left kidney 
pelvis. b) 5 weeks later: filling of irregular cavity in caudal pole. c) One year later: marked shrinkage of caudal 

kidney pole 

urine. Excretion will occasionally be seen in only one or a few calyces, while the remainder 
of the renal pelvis contains no contrast medium. A filling will gradually be obtained 
also of the lacerated parts of the renal pelvis and contrast medium will flow out into the 
renal tissue or around the kidney. Compression caused by bleeding or edema may also be 
demonstrated. Calyces into which urine is excreted may be dilated because of compression 
of the corresponding branch or blockage of the branch by a blood clot. Small ruptures 
appear as small extravasates of contrast medium along one or more calyces. They may be 
of the same appearance as a sinus reflux (Fig. 244). In these cases such an extravasation 
cannot be due to reflux because urography is performed, of course, without the application 
of ureteric compression. 

GYEPES et al. (1971) found at routine urography following percutaneous renal biopsy, 
that signs were present of bleeding in the kidney as in a local injury. These authors do 
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not find routine performance of post-biopsy urography indicated, but the appearance of 
any clinical sign or symptom or laboratory data suggesting bleeding should indicate uro
graphy. 

Findings at urography are only occasionally such as to demonstrate a rupture and 
its extent completely. The definite demonstration of a rupture is due to the escape of 

a 

b 

Fig. 249. Kidney rupture. Fall against hard edge. Hematuria. Roentgen examination during acute stage. Left 
kidney enlarged and ill defined. Roentgen anatomy of retroperitoneal space deranged. Kidney rupture with 
perirenal hematoma. a) Urography: Large extravasation in cranial part ofleft kidney. Ureter filled. b) 5 months 

later: small kidney; cranial branch changed into a small irregular sprout. Residuum after kidney rupture 

contrast urine out into the rupture. This direct sign of rupture is, however, fairly rare. 
A rupture therefore is usually diagnosed through indirect evidence: excretion of contrast 
medium is delayed or diminished, the kidney pelvis is incompletely filled and more or less 
markedly deformed. 

If the patient is not operated upon, urography may be performed again a few days 
later, when it may be possible to apply slight ureteric compression in order to obtain a 
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Fig. 250. Residuum after kidney contusion. Trauma to left kidney several years previously. Now at urography: 
hyperplasia of right kidney; marked shrinkage of left kidney with calcifications in shrunken old hematomas 

a b 
Fig. 251. Perirenal organized hematoma. Severe trauma to abdomen two years previously. Plain roentgeno
graphy: very well defined mass in right kidney region. a) Urography: contrast excretion impaired; kidney pelvis 
displaced and flattened. b) Pyelography: large extra-renal, well defined space-occupying lesion displacing and 

flattening kidney. Operation: old encapsulated hematoma containing one liter of fluid 



296 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

Fig. 252 Fig. 253 

Fig. 252. Iatrogenic "trauma". Double kidney and double ureter. Pyelolithotomy in caudal kidney pelvis. 
Urography some time after operation: leakage through pyelotomy into retroperitoneal space. Pyelotomy 

kept open because of stone in distal part of corresponding ureter with obstacle to flow 

Fig. 253. Iatrogenic "trauma". Retrograde pyelography: leakage through pyelostomy in caudal part of kidney 
pelvis 

better filling of the renal pelvis for a more detailed study of its morphology. It is striking 
to note, on check examination, how soon roentgenologic signs may disappear. 

In children, in whom trauma is common and in whom renal tumors are often symptom
less and therefore likely to assume considerable proportions, the injury may occur in a 
kidney with a tumor. LEVANT and FELDMAN (1952) have described two cases of embryo
blastoma which had been symptomless and were discovered at examination in association 
with trauma. 
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The renal pelvis may be ruptured also during instrumental examination. It may be 
perforated by a catheter. STRNAD (1936) has shown that a simple, ordinary ureteric cath
eter can perforate the renal pelvis, usually at the fornix of the cranial calyx (compare 
Fig. 264). Check examination of such a case, with consequent injection of contrast medium 
subcapsularly, showed that the rupture healed very soon (Kohler, 1953). 

Injection of contrast medium can rupture a pathologically changed renal pelvis 
(BARETZ, 1936). Rupture in connection with the reflux or backflow phenomenon is dis
cussed in Chapter P. 

More or less acute perforation may also be produced by decubital lesions caused by 
stone in the renal pelvis. Concrements in a calyx can perforate the renal parenchyma and 

a b 

Fig. 254. Iatrogenic "trauma" with leakage of contrast medium into the retroperitoneal space during urography. 
a) Lesion of right ureter in connection with gynecologic operation. b) Lesion of right ureter in connection with 

bowel resection 

pass directly out into the perirenal space. One case of bilateral perforation has been des
cribed by MARQUART (1958). Spontaneous rupture of the renal pelvis has also been des
cribed (RENANDER, 1941). 

Ureteric injury may occur in connection with renal lesions but also alone, in which 
case usually following instrumental examination (Fig. 255, 256). The diagnosis is based 
on the disturbed flow through the ureter and on the development of extravasation and 
offers the same problems as those described above in association with injury to the renal 
pelvis and upper part of the ureter. 

Inflation of the balloon of Dourmashkin's special catheter can rupture the ureter 
(Fig. 256). 
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a b 

Fig. 255. Iatrogenic "trauma". a) Perforation of ureter in connection with catheterization. Escape of contrast 
medium out into periureteric space. b) Perforation of ureter in connection with stone extraction 

Fig. 256. Rupture of ureter by balloon catheter used for study of kidney pelvis in pyelography. Extravasation 
of contrast medium around ruptured ureter. Blood clots in ureter 
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IV. Renal angiography 
(Figs. 257-263) 
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In order to arrive at direct diagnostic evidence in cases of suspected renal rupture, 
renal angiography is a very useful method. A rupture can be demonstrated to its full 
extent in the nephrographic phase. It is necessary to use different projections at selective 
renal angiography because a small rupture may be localized entirely to the ventral and 
dorsal part of the kidney and may escape detection unless proper projections are used. 

Intrarenal hematomas can be demonstrated by displacement of the arterial branches, 
occasionally very marked displacement. Extrarenal hematomas can be demonstrated by 

b c 

Fig. 257. Renal rupture. a) Urography: marked compression of left kidney pelvis. No extravasation of contrast 
medium. b) and 0) Angiography: ruptures in caudal kidney pole with slight displacement of fragments 
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a 

Fig. 258. Renal rupture. Trauma to right kidney. Acute urography: no excretion. Angiography: kidney is 
divided into two parts. Cranial part is well arterialized a) and well delineated. b) Nephrogram: complete contusion 
of caudal part. Operation: caudal part crushed. Excision of this part and suture of ruptured edge of kidney pelvis 

a 
Fig. 259. Trauma to right kidney. a) Acute urography: incomplete filling of right kidney pelvis; marked en
largement of right kidney. b) and c) Acute angiography: no renal rupture; large perirenal hematoma caused 

by bleeding from small severed artery. d) Urography 6 weeks later: normal conditions 
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b c 
Pig. 259 b, c 

Pig. 259 d 

the impression and displacement of the surface of the kidney or of the kidney as a whole. 
Any vascular rupture with actual, marked bleeding is demonstrable angiographically 
by extravasation of contrast blood. 

The iatrogenic injury due to percutaneous needle biopsy needs special attention. At 
immediate post-biopsy angiographic studies a high incidence of false aneurysms and extra
vasation of contrast material was shown, due to damage to large arterial branches (MENG 
and ELKIN, 1971). Extensive hematoma formation could also be seen in some patients. 
Further sequelae of percutaneous needle biopsy are arterial aneurysms and arteriovenous 
fistulae (see Chapter I). 

LUNDSTROM (1971) has performed angiography five minutes after biopsy. He has 
often found large perirenal hematomas (without clinical signs!). These have disappeared, 
probably completely. 



302 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

True infarction is very uncommon in connection with biopsy. Small indentations may 
be seen in the surface of the kidney, as a result of biopsy. 

A very important observation can be made in the comparison of findings at plain 
radiography and urography with those at renal angiography. The changes may be due 
entirely to hematoma without evidence of true renal rupture. Small lesions may cause very 
large hematomas and thus give the impression of much more serious anatomical changes 
than are actually present in the renal parenchyma (OLLE OLSSON, LUNDERQVIST, 1963). 

The formation of arteriovenous fistulae may be observed in the subacute stage of 
renal injury. They may disappear later. Rupture of arterial branches can be demonstrated 
through blockage of a branch. Atrophy of the arterial branches and of the main renal 
artery can be seen. Scar formation and infarctions in the kidney are observable in the 
nephrographic phase. In some cases large hematomas are well circumscribed and the renal 
parenchyma may be seen markedly displaced and reduced. 

It is evident from the above that renal angiography is most useful in the examination 
of cases of suspected renal rupture and is superior to any other method available for the 
demonstration of lesions in the renal parenchyma. It will also enable differentiation 
between true renal rupture and capsular or completely extrarenal hematoma. 

v. Healing of renal ruptures 

There is widespread agreement in the literature that a renal rupture has an excellent 
healing tendency. Upon reviewing 54 cases of renal injury several years after the accidents 
causing them, STEINBOCK (1948) found that the shape of the renal pelvis was normal in 

a 

Fig. 260. Residuum after trauma. Repeated trauma to right kidney during skiing several months previously. 
Examination now because of hypertensive crisis. a) Urography: contrast excretion on right side impaired: 
kidney pelvis markedly displaced and incompletely filled. b) Angiography: marked displacement of intrarenal 
arterial branches by large cystic expansivities. Operation with emptying of post- traumatic cysts. c) Post-opera-

tive urography: right kidney small: kidney pelvis normal 
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Fig. 260 b 

40 cases, the kidney functionless in only two (one case had a hydronephrosis and the other 
a pyonephrosis with stone), seven cases showed small changes in the renal pelvis due to 
scar formation. On the other hand, upon reviewing 13 cases at varying intervals after 
trauma to the region of the kidney, COLSTON and BAKER (1937) found marked pathologic 
changes in the kidney or in the perirenal tissue. The latter authors claim traumatization 
of the kidney and hematuria as indicators of immediate examination, and follow-up at 
regular intervals to avoid any late complications. Old kidney ruptures may show different 
degrees of deformation of the kidney pelvis upon check examination, depending mainly 
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on the extent and localization of the damage (Figs. 250, 251). An uncommon late compli
cation is the development of a large intrarenal cyst. I have seen a case in which a cyst of 
the size of a child's head and containing clear fluid developed within three months of trau
ma. In one case the kidney was completely changed into large cysts, with no function. 
This patient came for examination because of hypertensive crises (Fig. 2(0). Arteriovenous 
fistulae and arterial aneurysms may also be residuals of trauma (Figs. 261, 2(3). 

b 

c 
'-----"-

Fig. 261. Residuum after trauma. At acute angiography: extravasation from arterial branches in caudal pole 
of right kidney. a) Selective angiography 9 days later: decrease in volume of caudal kidney pole; arteriovenous 
fistula in this part of kidney. b) Angiography 6 weeks later: arteriovenous fistula closed. c) Selective phlebo. 

graphy with hypertensin: marked shrinkage of caudal kidney pole. 

Upon scrutiny of the possible basis for the common opinion that the healing tendency 
of a renal rupture is excellent, it is obvious that it derives from the urographic findings at 
examination in connection with the trauma and comparison of these findings with later 
urographic check examinations: At the first examination marked changes are seen; at the 
check examinations conditions appear to be normal or the changes appear to be consider
ably diminished. This common opinion may be completely wrong for two reasons: 

1. Changes seen at the acute examination, however marked, may not be due to a 
rupture - a hematoma may be responsible. Resorption of the hematoma, usually fairly 
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a 

Fig. 262. Residuum after trauma. Accident several years previously with trauma to left kidney. a) Urography: 
small left kidney; shrinkage of calyces in caudal part of kidney. b) and c) Angiography: cranial half of kidney 

normal, caudal half completely atrophied 

rapid, brings conditions to normal. This cannot be taken as evidence of excellent healing 
tendency, however. Where there is no rupture, no rupture can heal (OLLE OLSSON, 1970). 

2. Normal conditions, or findings of only slight changes, at check examinations cannot 
exclude marked residual changes due to renal damage. It was demonstrated by OLLE 

20 Handbuch der med. Radiologie, Jld. XIII!l 
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OLSSON and LUNDERQUIST (1963) that at renal angiography performed in patients of this 
type, very marked vascular and parenchymal changes incurring considerable risks could 
be revealed. Thus atrophy of large parts of the kidney parenchyma and vasculature could 
be seen, together with fragmentation of the kidney and separation of large fragments. 
Oases have since been examined in which arteriovenous fistulae, arterial aneurysms, etc. 
have been found. Angiography can therefore definitely demonstrate on one hand that at 
examination in connection with trauma, marked urographic changes may be due only to 
hematoma and not to renal laceration and that on the other hand at check examination 
after trauma, normal conditions or only slight changes at urography do not exclude marked 
lesions. The conditions found at urography cannot, therefore, be used without reservation 
for an opinion as to the healing tendency of a renal rupture. 

a b 

Fig. 263. Residuum after trauma caused by kick of horse in region of right kidney 15 years previously. 
a) Plain roentgenography: calcification in cranial pole of right kidney. b) Angiography, arterial phase: complete 

atrophy of cranial kidney pole; arterial aneurysm. Calcification is localized in wall of aneurysm 

VI. Choice of therapy 

The choice of treatment is largely decided by the roentgen findings. "Viele stehen auf 
dem Standpunkt moglichst rein konservativ vorzugehen ... " (STAEHLER, 1959). An active 
attitude was advocated by LOWSLEY and MENNING (1941). Some authors, however (see 
LYNCH, 1957, and NILSSON and SANDBERG, 1962), have recommended conservative or 
active therapy according to the merits of the case. Oonservative treatment is obviously 
sufficient in a case of hematuria following trauma if the kidney is normal in size and pre
sents no abnormality at pyelography. On the other hand surgical intervention is neces
sary in the presence of irresponsive shock or signs of a hematoma that is increasing in 
size. Most cases lie between these two extremes. It is clear from the analysis of published 
series of renal injury examined by common methods that both the clinical and the roentgeno
logic evidence in a given case is often insufficient to decide the extent of damage with any 
degree of certainty. Since the renal parenchyma and blood vessels are mainly affected 
the desired information should be obtainable by a method by which these may be demon
strated, i.e. renal angiography. (OLLE OLSSON and LUNDERQUIST, 1963). 

Oonsideration of the therapeutic approach has a much better foundation when renal 
angiography is used. This also forces the surgeon into a more individualized judgment. 
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VII. Perirenal hematoma 

Hemorrhage around the kidney may develop in association with trauma or may be 
spontaneous. A possible cause of retroperitoneal hematoma which should be borne in 
mind is perforation of a vessel by a needle or catheter during the increasingly common ar
terial and venous punctures and catheterizations for different purposes. An equally impor
tant, if not more important, possibility is bleeding into the perirenal space in connection 
with percutaneous renal biopsy. LUNDSTROM (1971) reports on an angiographic material 
consisting of 140 cases where selective renal angiography was performed immediately 
before as well as immediately after biopsy. In one case a clinically proven perirenal 

Fig. 264. Iatrogenic "trauma". In connection with catheterization of left kidney pelvis for pyelography the 
catheter has been forced into the renal parenchyma. On injection of contrast medium, filling of intrarenal 

venous branches to main renal vein 

hematoma occurred. In another case the symptoms and signs of a renal peritoneal hema
toma were present. In III out of the 140 cases angiographic changes were seen, consisting 
mainly of leakage of the contrast medium through bleeding in connection with the biopsy 
channel. In 20 of the 140 cases perirenal bleeding was observed which could be regarded 
as extensive. Hematoma around the right kidney may also be due to liver biopsy with 
hemorrhage into the right retroperitoneal space. 

Spontaneous perirenal hematoma can occur in association with hemophilia (JASIENSKI, 

1937), various other diseases, or from unknown causes. Intrarenal and perirenal hematoma 
may develop in patients on anticoagulant therapy. 

The roentgen findings in these different types of hematoma agree essentially with what 
is described below in relation to perinephritis of varying extent. No signs of edema will be 
seen, however. It must be noted that spontaneous subcapsular renal hemorrhage can be 
caused by a small tumor as pointed out by POLLACK and POPKY (1972). In three patients 
with spontaneous subcapsular bleeding a small renal tumor was responsible for the bleed
ing in each patient. W ATNICK et al. (1972) also in a case report on subcapsular hematoma, 
point out the sudden bleeding produced by a small renal carcinoma associated with renal 
infarction. 

20* 
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Old extrarenal hematomas can be well delineated and simulate a well defined space
occupying lesion (Fig. 251). Severe displacement of the kidney and possible impression 
in the renal pelvis will then be seen at examination with contrast medium. Such hematomas 
may also be the cause of large shell-shaped calcifications at the site of the kidney or of 
irregular perirenal calcifications (MILLER and CORDONNIER, 1949; Engel and PAGE, 1955). 
Old hematomas can develop into hygromas (KEMM, 1923). Angiography may be help
ful in the diagnosis of old hematomas. 

K. Dilatation of the urinary tract 

Dilatation of the urinary tract is a common finding and occupies an important position 
in diseases of the kidney requiring surgery. 

There is a certain confusion regarding nomenclature. The term hydronephrosis is 
often used to designate the clinically important entity: obstruction of the pelviureteric 
junction resulting in dilatation of the kidney pelvis. The same term is also used, however, 
to describe dilatation of the entire urinary tract unilaterally or bilaterally, regardless 
of cause. The whole problem of dilatation will be discussed here, but the reader is referred, 
in addition, to certain other chapters for further discussion of different aspects of dilata
tion. 

The rule should be to diagnose, if possible, the nature and localization of the patho
genetic factor and to report secondary influences on renal drainage. Dilatation may be 
unilateral or bilateral. It may involve the renal pelvis and the entire ureter, or a part of 
the latter. If may also be limited to only a part of the renal pelvis. Border-line cases are 
common and it is difficult to decide in these cases whether or not a dilatation is pathologic. 
It is also occasionally difficult to decide whether or not a demonstrable local narrowing 
is truly pathologic and capable of causing obstruction. In addition, the degree of dilatation 
may vary widely according to the examination method and technique used and the cir
cumstances under which the examination is performed. The kidney pelvis can be markedly 
dilated on one occasion and have a more or less normal appearance on another. 

The roentgen findings in the different types of dilatation of the urinary tract most 
commonly encountered in routine work are described below. If the dilatation is due to well 
known changes such as stone, tumor or anomalies, the roentgen findings will be described 
under sections describing these conditions; otherwise they will be analogically evident 
under one of the following sections: 

I. The obstructed pel vi ureteric junction 

In this book the junction between the renal pelvis and the ureter is called pelviureteric 
junction instead of ureteropelvic junction. The latter term is probably based on the in
strumental pyelographic procedure, whereas the term pelviureteric is consistent with the 
direction of the urinary flow. 

Obstruction of the pelviureteric junction can cause intermittent or permanent dilata
tion of the renal pelvis. Such dilatation is usually known as hydronephrosis. The name 
pyelectasis (BRAASCH and EMMETT, 1951) is regarded by some authors as being preferable 
to hydronephrosis, but the latter term is preferred because it is so deeply rooted. In my 
opinion, the term hydronephrosis has the advantage that it draws attention to the fact 
that it is the entire kidney that is affected and not only the renal pelvis. The effect of the 
obstructed drainage on the kidney is the most important factor. 

The normal anatomy of the pelviureteric junction varies widely. The junction 
between a markedly or only slightly dilated renal pelvis and a ureter of ordinary width 
will usually show a marked and short narrowing. The upper portion of the ureter may 
be fixed to the renal pelvis along a length of 1-3 cm by more or less loose adhesions. 
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These may cause a sharp, more or less rigid bend in that part of the ureter fixed to the renal 
pelvis. This fixation can be accentuated by a vessel crossing the pelviureteric junction. 
Such a vessel running in front of the ureter will then press the bent ureter against the dilat
ed renal pelvis. The fixed ureter can also be hooked and strangulated by the vessel. 

Another component of the obstruction is diminution of the lumen of the pelviureteric 
junction by a more or less regular, intrinsic stenosis varying in length from one case to 
another, sometimes having the shape of a valve. 

The different forms of obstructions described above: adhesion, compression by a 
vessel, and intrinsic stenosis may occur separately, although they more often occur in 
combination, in varying degrees. 

The obstruction caused by these factors is greatest when the renal pelvis is dilated, 
e. g. in marked diuresis. That part of the ureter adherent to the renal pelvis will then be 
stretched still more and be compressed, and drainage of the renal pelvis will consequently 
become gradually poorer or cease altogether. 

In the beginning, the obstruction may occur intermittently if for some reason or other 
the renal pelvis is dilated and drainage impaired. After such an attack of intermittent hydro
nephrosis, a certain degree of dilatation may persist. It may be accentuated further after 
repeated attacks, and the dilatation may become permanent. The wider the renal pelvis 
becomes and the more it expands ventrally, the more it will obstruct drainage. Such urina
ry stasis leads to atrophy of the renal parenchyma and favors infection. 

The purpose of the roentgen examination is to demonstrate the site of the obstruction 
responsible for the hydronephrosis, its severity and nature,its effect on the renal parenchyma, 
and any complications such as stone formation. Considerable information can be required 
from the roentgen examination,and the diagnostic problems it is called upon to solve are 
important. This necessitates full utilization of all the diagnostic possibilities of the various 
examination techniques. 

The fact that the answers to many important questions cannot be arrived at through 
the use of conventional methods and that a study of the renal vasculature and of the renal 
parenchyma is important, markedly increases indications for renal angiography. This type 
of examination is often not only necessary but should be instituted at an early stage of 
the diagnostic procedure. 

1. Plain radiography 

The findings obtained at plain radiography depend upon the degree of the hydro
nephrosis. If the dilatation is only slight, the examination will reveal no signs of a patho
logic condition; if moderate, the kidney will appear enlarged and the hilum wider than 
usual; if severe, the dilated confluence of the renal pelvis will appear as a soft tissue mass 
at the hilum of the kidney and the kidney may be displaced laterally and its lower part 
rotated laterally. Dilatation of the calyces may also manifest itself as an irregular plump 
bulging of the outline of the kidney. If the dilatation is still greater, a more or less well
defined soft tissue mass will be seen at the site of the kidney (Fig. 265). It may fill half 
of the abdomen and even extend beyond the midline. A corresponding displacement, 
particularly of the stomach, small intestine and large intestine, is then demonstrable. 
I have also seen a uterus towards the end of pregnancy displaced severely to the left by 
a right-sided hydronephrotic sac containing eight liters of fluid (Fig. 265). 

Hydronephrosis may be an hereditary disease. This fact should be borne in mind in 
every case of unilateral hydronephrosis detected in a child (JEWELL and BOUCHERT, 1962). 

Hydronephrosis is an important differential diagnostic possibility, which must be remem
bered when a retroperitoneal space-occupying lesion is found at the site of the kidney. Thus, 
when at plain radiography a large, more or less regularly outlined kidney is found while 
at urography absence of excretion is detected, the possibility of hydronephrosis should 
always be borne in mind. 
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Calcifications are occasionally seen, representing single or multiple stones in the renal 
pelvis. Marked changes in position of such a stone at change of position of the patient 
make clear its localization in a dilated kidney pelvis. 

2. Pyelography and urography 

Of the remaining methods available, pyelography is that used most. However, since 
urography yields largely the same information as pyelography, it is gradually superseding 
pyelography. The part of the urinary tract on which pyelography will give the most valu-

Fig. 265. Giant hydronephrosis. Plain radiography during pregnancy: large soft tissue mass to the right, dis
placing uterus with foetus and gasfilled large bowel. Post-partum operation disclosed hydronephrotic sac con

taining 8 liters of fluid 

able information is the pelviureteric junction. However, the more the examiner is familiar 
with the different types of obstructed pelviureteric junction and the more often renal angio
graphy is used in the diagnosis, the more the combination of urography and renal angio
graphy will be used instead of pyelography. From the small field of vision over the pel
viureteric junction, the detailed anatomy of which is of minor importance in advanced 
cases, once the site and severity of the obstruction have been established, the examiner will 
have widened his interest to embrace the morphology and function of the kidney as a 
whole. Thus evaluation of indications for operation and choice of surgical method can 
now be made on a broader anatomic and physiologic basis. 
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a) Pyelography 
Judging from the literature, there is more or less general agreement that pyelography 

should not be performed on a patient with hydronephrosis, particularly because of the risk 
of infecting an organ the drainage of which is blocked. If pyelography is performed, the 
patient should be turned in different directions in order to obtain a filling of all parts of the 
renal pelvis. Examination in the prone position is important because the heavy contrast 
medium flows to the declivous parts of the renal pelvis, i. e., in prone position, the ventrally 
situated region including the pelviureteric junction. This region is most important and at 
pyelography the anatomy here will be better demonstrated than at urography. It may also 
be worthwhile to examine the patient in the erect position because an obstruction, e. g. by 
a supplementary vessel, may be more marked when the patient is standing than when 
lying. ROLLEsToN and RAY (1957) found a horizontal lateral view, with the patient 

a b 
Fig. 266 Fig. 267 

Fig. 266. Layer formation in urography in slightly dilated kidney pelvis. Release of ureteric compression. Three 
steps of impression into kidney pelvis by oblique lateral part of psoas muscle are seen. Upper branch of most 
dorsal part is impressed by most lateral part of muscle, which is most dorsal (.;-). At lower branch, situated 
somewhat more ventrally, is impressed by middle portion of muscle. At -E--)ff- confluence, situated most ventrally, 

is only slightly impressed 

Fig. 267. Layer formation and its influence on examination technique. Slight obstruction of distal part of ureter. 
a) Supine position: dorsal calyces and dorsal part of confluence filled. No filling of pelviureteric junction. 

b) Prone position: ventral parts including pelviureteric junction now contain contrast urine 

supine, to be particularly important because in that position the kidney is dragged pos
teriorly, tending to place it on the stretch, with resulting compression of the fixed upper 
portion of the ureter. 

During injection of the contrast medium into the renal pelvis a compensated hydro
nephrosis may be converted into an acute manifest hydronephrosis. Occasionally a renal 
pelvis of relatively normal appearance may suddenly expand during retrograde pyelogra
phy. If a large amount of contrast medium has been injected into the renal pelvis, the 
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c 

Fig. 268. Hydronephrosis. a) Urography: dilatation of right kidney pelvis by obstructed pelviureteric junction. 
Marked narrowing of junction on contralateral side but no dilatation. b) Prone position: filling of confluence 
part of kidney pelvis. Contrast urine runs over into ureter, which is not dilated. Pyeloplasty. c) Postoperative 

check urography: regression of dilatation. Undisturbed flow over into ureter already in supine position 

catheter should be left in situ for a while to facilitate drainage after the end of the exa
mination. 

Here, too, the findings will vary with the severity of dilatation. If obstruction is inter
mittent, the finding may be quite normal, although a narrow pelviureteric junction may 
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suggest the possibility of obstruction. Even in slight dilatation and especially in cases 
with persistent slight dilatation after long standing, fairly marked dilatation, the so-called 
psoas edge sign (HUTTER, 1930) may be demonstrated. This sign consists of the medial 
part of the renal pelvis being pressed against the lateral surface of the psoas muscle so 
as to appear with a sharp, even outline instead of the usual rounded, medial outline. This 
phenomenon is due to the fact that the renal pelvis is more likely than not to be moulded 
readily by surrounding tissue and thereby to be deformed by the firmer psoas muscle 
and, secondly, by the layer formation between the contrast medium in the urine. This 
phenomenon is discussed in the chapter on retrograde pyelography. This layer formation 
plays an important role in the examination of hydronephrosis (Fig. 266, 267). Thus, the 
contrast medium will accumulate in the lowest calyces, i. e. the dorsal and the cranial 

Fig. 269. Hydronephrosis through intrinsic stenosis in pelviureteric junction. Pyelography, extrarenal pelvis: 
marked atrophy of papillae. Note position of calyces and confluence in lateral view 

if the patient is examined in the supine position. In order to form an opinion of the other 
calyces, and above all of the confluence of the renal pelvis, it is necessary either to use a large 
amount of contrast medium to secure a filling of the entire renal pelvis or to turn the pa
tient over into a prone position so that the confluence of the renal pelvis, which is directed 
ventrally, will lie lowermost and thus receive the heavy contrast medium (Fig. 268). 
Layer formation is also demonstrable on examination of the patient in the erect position. 

The renal pelvis becomes wider also in that part bordered by the parenchyma, which 
results in an increase in size of the renal sinus and a flattening of the papillae, so that the 
calyces become plumper (Fig. 269). This sign has been utilized for determining whether 
the kidney should be regarded as hydronephrotic or not. O'CONOR (1954) pointed out 
that a hydronephrotic kidney always has minor calyces showing distortion from the usual 
umbilicated outline; thus the papillae are flattened and the calyces blunted. 

The renal pelvis empties slower than usually, so that examination at an interval of 
an hour, so-called delayed picture, may be of value. 
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Fig. 270. Dilatation of kidney pelvis and sharp angular fixation of ureter to confluence by adhesions. No 
vascular anomaly 

Fig. 271. Hydronephrosis due to short intrinsic stenosis. Pyelography: contrast medium injected into ureter 
under pressure passes through obstructed pelviureteric junction as a long jet into the confluence, giving impres

sion oflong stenosis. Multiple stones. Marked papillary atrophy 
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Dilatation may be mainly intrarenal or extrarenal. If intrarenal, the effect on the 
renal parenchyma will appear sooner and be more severe, with striking widening of the 
sinus. If the dilatation is mainly extrarenal, large extrarenal hydronephrosis may develop, 
sometimes without appreciably impairing renal function. 

At the pelviureteric junction the upper part of the ureter will be situated close to the 
dilated renal pelvis, which it follows ventrally, cranially before bending off sharply in 
caudal direction (Figs. 269, 270). The ureter will often show an extra bend or a small trans
verse band-shaped filling defect caused by the crossing of a vessel. These changes can be 
recognized best by turning the patient to a varying extent during fluoroscopic check. 
If the patient is supine, a filling defect due to an obstruction may be confused with layer 
formation in the ureter owing to a sharp bend so that its ventral, uppermost part does 
not contain contrast medium but shows a short filling defect. Judging from illustrations 
in various journals and manuals, such confusion is common. Another common misinter
pretation is due to the fact that in a kidney situated somewhat lower than usual, the di
lated renal pelvis, even if the dilatation is only slight, will be pressed against the ureter, which 
will show a gentle kink that will not be filled with contrast medium. When the kink is 
straightened out by change in position of the kidney e. g. by change in the position of the 
patient, a good filling will be obtained and no obstruction will be demonstrable. Nor should 
a transient contraction of the pelviureteric junction be interpreted as a stricture. 

Another source of error should be observed: if contrast medium is injected under 
fairly high pressure near the obstruction, it may be forced through the latter into the fluid 
in the renal pelvis like a stream (compare the jet phenomenon from a ureteric orific into the 
bladder). This should not be interpreted as an obstruction of corresponding length (Fig. 
271). 

If obstruction is complete, making impossible injection of contrast medium into the 
renal pelvis via a catheter, or if for some reason catheterization is not possible, antegrade 
pyelography may be resorted to. 

b ) Urography 

If contrast urine is excreted, urography offers largely the same diagnostic possibilities 
as pyelography and, in addition, gives information on the function of the kidney. For 
complete filling of the renal pelvis, contrast medium can be injected repeatedly until the 
renal pelvis flows over into the ureter or the postural position can be changed to the prone 
position, as above (see Fig. 268). Ureteric compression is unnecessary and often contra
indicated. The diuresis produced by the contrast medium, like the contrast injection for 
pyelography, can be sufficient to convert a case of hydronephrosis from a compensated 
to an uncompensated condition. It may be mentioned here that in the presence of inter
mittent hydronephrosis or suspected intermittent hydronephrosis, the examination 
should be performed preferably during an attack of pain (Fig. 272, 273, 274). While the 
anatomic conditions may show only slight abnormality during remission, examination 
during an attack - if this is due to hydronephrosis - will show the renal pelvis to be 
widened and the contrast excretion to be impaired because of increased intrapelvic pressure. 

The examination may also be performed under such conditions as - according to the 
patient - usually produce pain. If pain occurs when the patient has drunk a large quantity 
of liquid, he may be given such a quantity to drink before urography. Liquid can also be 
given by infusion in such cases (OLLE OLSSON, 1962). We call this procedure "water
loaded urography" (see chapter on urography technique). This technique has also been 
used by KENDALL and KARAFIN (1967). In one case described by COVINGTON and REESER 

(1950), consumption of 1500 cc of fluid produced pain. Severe hydronephrosis was seen 
at urography, whereas no signs of a pathologic condition had been found at previous 
examination. 
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We have used "water-loaded urography" for evaluation of the pelviureteric junction 
in doubtful cases. In patients with slight to moderate narrowing, or a narrow pelviureteric 
junction and data suggesting intermittent hydronephrosis, we have tried to test the func
tion in the narrow junction. The contrast medium is injected when diuresis has started after 
water loading. At marked diuresis the renal pelvis and the ureter and often also the narrow 
pelviureteric junction, will be seen to widen. 

The junction can often be studied with advantage cineradiographically with an image 
intensifier. A narrow junction may then sometimes be seen to widen to ordinary caliber 
for a short time. This part of the urinary tract lends itself well to cineradiography. How-

a b 

Fig. 272. Intermittent hydronephrosis in male, 25 years of age. a) Severe right-sided renal colic, acute examina
tion. Urography: ordinary excretion on left side. No contrast excretion on right side. Marked dilatation of 
kidney pelvis can be seen (see arrows). b) Urography after pain subsided: marked decrease in dilatation of kidney 

pelvis 

ever, neither the normal nor pathologic behavior of the pelviureteric junction has as yet 
been properly investigated. 

It cannot be stressed enough that narrowing of the pelviureteric junction, as demon
strated by pyelography or urography, is often bilateral. The narrowing need not 
be of the same severity on both sides, however. It may be severe on one side and only 
slight on the other. In the investigation of a given case, however, it is important to deter
mine whether the changes are unilateral or bilateral. 

Urography offers a possibility of judging renal function, including estimation of the 
rate at which the renal pelvis is drained, and the condition of the renal parenchyma. The 
drainage rate is influenced by the position of the patient, the concentration of the contrast 
medium, the size of the dose injected, the degree to which the bladder is filled etc. and must 
therefore be judged with caution and preferably compared with the contralateral kidney 
if conditions there are normal. 
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Fig. 273. Intermittent hydronephrosis in child 10 years of age. a) Urography immediately after renal colic attack 
on left side: marked dilatation of calyces. b) Same examination in prone position: marked dilatation of left 
kidney pelvis to pelviureteric junction. c) Urography some days later: dilatation and intrapelvic pressure have 

decreased markedly 
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Fig. 274. Dilatation of urinary tract on right side. Urography 24 hours after injection oflarge amount of contrast 
medium: enormous increase in length and width of right ureter down to obstructed ureterovesical junction. 

Tortuosity with complete U·turn at middle of ureter 

The state of the renal parenchyma can be crudely judged from the excretion of con
trast urine: i. e. whether it is ordinary, of low density, or whether excretion has ceased. 
It should be pointed out that at urography the renal parenchyma may increase in density. 
This is obvious particularly if no excretion into the kidney pelvis is present. Extreme 
hydronephrosis occurring early in life and usually due to pelviureteric obstruction can be 
diagnosed as such if a thin margin of functioning parenchyma is seen in the nephrographic 
phase of the urographic procedure (ALLEN et al., 1963). 

Extreme hydronephrosis can be present at birth. The most common cause of an ab
dominal swelling from a renal mass at birth is polycystic renal disease. Nephroblastoma 
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may also be the cause. In such cases urography with the observation indicated above is 
important and the demonstration of a margin of functioning parenchyma is diagnostic of 
pelvic dilatation. 

In the evaluation of the condition of the renal parenchyma, the following considera
tions merit attention: If the excretion of contrast urine is good, it indicates good, although 
not necessarily normal, renal function. If the excretion is impaired or not demonstrable, 
it may be due to temporarily high intrapelvic pressure preventing secretion, the kidney 
recovering function as soon as the pressure has been released. It may also depend on the 
renal parenchyma's having suffered loss or impairment of function. In such cases urography 
will not produce sufficient information for solving the problem. This should also be borne 
in mind in comparing results at pre-operative and post-operative examination. It cannot 
be shown by urography whether cessation of function is temporary or permanent. The 
literature contains many articles in which this dilemma has not been observed. Absence 
of excretion of contrast urine has been taken as evidence that the kidney is destroyed 
and nephrectomy has then been performed. It is important to be familiar with the influence 
of the secretory pressure and of the intrapelvic pressure on the urographic findings if 
erroneous diagnoses are to be avoided. Definitive evaluation of the amount of functioning 
parenchyma i. e. potential renal function, requires renal angiography. 

c) Renal angiography 

In the arterial phase the intrarenal arteries can be seen to be distended and displaced a
round the dilated renal pelvis (Fig. 279). The main renal artery and even the aorta may be pus
hed aside by a markedly dilated pelvis. The interlobar arteries are displaced in wide arches 
over the branches of the renal pelvis. The narrowing of the arterial branches may be due 
not only to their distention but also to atrophy. It can be extremely marked. The findings 
in the presence of atrophy and the principle of interpretation were described in chapter 
G XIII. Attention should be given not only to the caliber of the renal artery but also to 
that of its intrarenal branches and the amount of renal parenchyma, as seen in the nephro
gram. Knowledge of the width of the intrarenal branches is essential, particularly because 
atrophy begins in the renal parenchyma and thus involves the intrarenal branches first. 
In some cases of acute hydronephrosis delay in filling of secondary and tertiary arterial 
branches can be noted (SIEGELMAN and BOSNIAK, 1965). 

The amount of functioning renal parenchyma can be assessed from the nephrogram 
(Fig. 276). A generalized or local atrophy of the parenchyma may be seen and a correspond
ing marked dilatation of the renal sinus. An irregular reduction in the accumulation of 
contrast medium or irregular hypervascularization and indentation in the surface of the 
kidney may be seen as signs of pyelonephritis. Proper evaluation of the renal parenchyma 
requires films taken during the actual nephrographic phase. A single film may be taken 
at such an unsatisfactory moment in relation to the initial accumulation of contrast me
dium that no nephrographic effect can be expected to show. 

In the venous phase the renal vein may be seen to be displaced in the same way as 
the renal artery. 

It is obvious from what has been said that renal angiography properly performed 
and critically judged forms a sound basis for assessing potential kidney function. The 
decision whether conservative therapy should be tried in a given case or whether nephrec
tomy should be resorted to is facilitated to a great extent by the information obtained 
from renal angiography. 

Renal angiography also offers a possibility of detecting supplementary arteries and 
veins (Figs. 277-280). Almost half of our series of renal angiograms of patients with 
hydronephrosis show multiple arteries. This frequency is consistent with that found by 
others (ANDERSON, 1953, EDSMAN 1954). The importance of a supplementary artery in a 
given case of hydronephrosis varies. Sometimes its course is such that the possibility of 
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a b 

Fig. 275. Hydronephrosis on right side. Renal angiography: a) arterial phase: slight atrophy and marked stretch
ing of intrarenal branches, which are displaced by dilated calyces. b) Nephrographic phase: narrow brim of 

functioning renal parenchyma around markedly dilated calyces 

Fig. 276. Hydronephrosis on left side in child 4 months of age. Angiography: marked atrophy and displacement 
of left renal artery and branches. In nephrographic phase no funotioning renal parenchyma could be seen. 

Nephrectomy: hydronephrosis with complete atrophy of renal parenchyma 
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Fig. 277. Right-sided hydronephrosis. a) Urography: palpable mass in right side of abdomen. Ordinary excretion 
of contrast medium on left side. No excretion on right side. Dilatation of kidney pelvis can be seen as soft tissue 
mass corresponding to hilus of right kidney and medial to latter (arrows). Long axis of right kidney displaced 
with caudally open angle to mid-plane of body. b) Angiography: two renal arteries to right kidney with short 
distance between the arteries. Main renal artery displaced in slight curve cranially. Second artery markedly 
displaced in curve caudally, corresponding to dilated kidney pelvis (not filled). Operation: lower renal artery 
partially responsible for dilatation. c) Postoperative urography: Marked regression of dilatation. Free flow in 

right ureter 

21 Handbuch der med. Radiologie, Bd. XIII!1 
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c 

Fig. 278. Hydronephrosis caused by supplementary artery. Urography in a) supine position: marked dilatation 
ofleft kidney pelvis. Dorsal calyces filled; b) prone position: severly dilated confluence filled. Renal angiography: 
c) Arteries displaced by widened renal pelvis. Fairly good caliber of all branches. Supplementary artery to caudal 
pole stretched around dilated pelvis. Origin of supplementary artery is close to main renal artery. d) Nephro
graphic phase: kidney enlarged. Sinus markedly enlarged by dilated calyces. Operation with transposition of 
supplementary artery. e-h) Corresponding examinations: regression of dilatation. Arteries no longer displaced. 

Normalization of size of kidney and sinus 

its being the cause of obstruction of the pelviureteric junction can be dismissed. In other 
cases the vessel may run close to the site of the narrowing. As a rule in such cases the vessel 
originates close to the main renal artery, runs in a curve corresponding to the periphery 
of the dilated renal pelvis, and crosses the junction. The vessel is narrow and distended, 
and that segment crossing the pelviureteric junction will correspond to a possible trans
verse filling defect observed in a previous pyelogram. The situation can be more easily 
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Fig. 278 d 

Fig. 278 e f 

judged if renal angiography is followed by urography, with the patient in the same 
position. It is then possible to form an accurate opinion of the relationship between the 
artery and the renal pelvis by tracing the arteriogram onto the urogram. 

Sometimes the density of the nephrogram will be decreased in that part of the renal 
parenchyma supplied by the distended supplementary artery. 

Even if the artery does run along the border of the dilated renal pelvis, that does 
not necessarily imply that the vessel is the cause of the hydronephrosis or even partly 
responsible. Occasionally even a distended artery may not interfere with drainage. More 
frequently, however, such a vessel may be a contributory factor but not the only cause. 
In addition to such a vessel, operation reveals, for example, an adhesion outside the renal 
pelvis and ureter as well as reduction in the lumen of the ureter. It is occasionally not 
possible to decide to what extent a supplementary artery is responsible for the obstruction 
until operation is performed, when attempts are made to widen or empty the renal 
pelvis. 

21 * 
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g 

h 
Fig. 278 g, h 

Supplementary veins often accompany the arteries and may contribute to such ob
struction or be entirely responsible for it, while the supplementary artery may be of no 
importance, or there may be a supplementary vein and no supplementary artery. 

If operation shows a supplementary artery to be responsible for the obstruction, the 
artery should not be severed as this would result in atrophy of the part of the renal paren
chyma supplied by it. Cases are on record in which such resection has resulted in hyper
tension. The vessel should be transposed in such a way as not to disturb drainage. 

The adjusted course of the vessel can be checked by angiography after operation. If 
the operation is successful, the renal parenchyma supplied by the supplementary artery 
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a 

b c 

Fig. 279. Hydronephrosis due to supplementary vein. a) Urography: marked dilatation of kidney pelvis to pel
viureteric junction. b) Angiography, arterial phase: two renal arteries to left kidney. Slight displacement of 
main renal artery cranially and of supplementary artery caudally. c) Venous phase: vein corresponding to lower 
part of kidney artery markedly displaced in a curve caudally. At operation this vein was found to cause 

a sharp kink in the ureter and to be mainly responsible for the hydronephrosis 
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which was of decreased density when the vessel was distended before operation, can be 
seen at post-operative angiography to have a normal appearance. 

4. Check roentgenography after operation for hydronephrosis 
At check roentgenography to assess the result of an operation, it is important that 

the examination be performed under the same conditions as before the operation, as 
mentioned above. Any difference between the findings at pre- and post-operative uro-

a 

b 

:Fig. 280. Hydronephrosis due to supplementary artery and corresponding vem. Urography: scanty excretion 
on right ~ide and marked dilatation of kidney pelvis. Obstruction at pelviureteric junction. a) Renal angio
graphy: two arteries to left kidney displaced apart. b) Kidney enlarged and sinus widened. Displacement of 
vein from caudal pole around dilated pelvis. Operation: transposition of obstruoting artery and vein. Loosening 
of adhesions. Urography: marked regression of dilatation. Free flow into ureter. 0) and d) Postoperative renal 
angiography: no displacement of arteries or veins. Kidney size reduced. Urography: Left kidney e) before and 

f) after operation 



Check roentgenography after operation for hydronephrosis 327 

graphy can then be ascribed to the operation and the possibility that differences in exa
mination technique are responsible can be dismissed. 

Judging from our experience, if any difference occurs, it does so rapidly, so that the 
situation seen on the first complete examination after operation may usually be regarded 
as the end-result. 

c 

d 
Fig. 280 c, d 

We have also found the best anatomic results to be achieved in patients in whom 
the obstruction was due entirely or mainly to a vessel. The disappearance or regression 
of the dilatation in such cases is striking. In patients with stenosis, on the other hand, 
where the vessel was not responsible for the obstruction and where plastic surgery was 
performed, regression of dilatation after operation was less conspicuous. This discrepancy 
in the state of the renal pelvis in the two groups suggests that the congenital inhibitory 
malformation represented by fixation and stenosis is associated with congential dilatation 
of the renal pelvis. 
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Urography and renal angiography in combination yield the best information on 
obstructed pelviureteric junction. Only on the actual local narrowing of the junction will 
pyelography give better information. This information is less valuable, however, than all 
of the important details on morphology and actual and potential function that can be 
obtained from urography and angiography and from direct comparison of the two sides. 
The supplementary information on the junction, sometimes obtainable only by pyeolo
graphy, can be gained only at the price of considerable risk of infection. 

e ~ __ ~~ ________ __ f 

Fig. 280 e, f 

3. Vessels and hydronephrosis 

The significance of the vessels occupies a central position in the debate on the cause 
of hydronephrosis. This applies to supplementary arteries or ordinary branches, especially 
the lower polar artery. The problem can be successfully attacked roentgenologically by 
means of renal angiography and by comparison of the findings in this examination with 
those obtained at urography, at operation, and at post-operative urography. The disco
very that multiple arteries are common in patients with hydronephrosis and demonstrable 
by renal angiography may lead to an overestimation of the role played by the vessels in 
the pathogenesis of hydronephrosis. A comparison of the findings, in accordance with the 
principles set forth above, provides a better basis for proper evaluation of the role of the 
various causal factors in a given case of hydronephrosis. Our material analyzed by BOLJSEN 

(1959) consisted of 39 cases of hydronephrosis in which supplementary arteries were found 
at renal angiography, and in which these supplementary arteries were verified at operation. 
The pelviureteric junction was carefully examined during operation, and urography was 
performed both before and after surgery. The cause of the obstruction was found to be 
due to the artery alone in 14 cases, artery + adhesions in two cases, and artery + ad
hesion + intracanalicular stenosis in one case, adhesions alone in four cases, and stenosis 
alone in II. The supplementary artery was a causal factor in 17 cases out of 39, and was 
the only cause of the obstruction in 14 of these cases. In all of the other cases, i. e. in more 
than half, the vessel was in no way responsible. In all of the cases in which the vessel was 
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a causal factor it ran ventrally to the renal pelvis. The supplementary artery regularly 
arose within 40 mm of the origin of the main renal artery from the aorta. 

Criteria arguing for a supplementary artery causing hydronephrosis are as follows: 
the artery runs in caudolateral direction to the lower pole of the kidney and is displaced 
in a curve, with the convexity facing caudally; the artery arises within 40 mm of the 
main artery. In the absence of any deformity of the contralateral pelviureteric junction, 
the vessel may be the cause of obstruction; otherwise it is probable that the obstruction 
by the vessel is only secondary to a congenital stenosis, or that the vessel has nothing to 
do with the stenosis. Like other rules, this rule is not without exception. 

As mentioned above, an abnormal vein may cause the same changes as an abnormal 
artery. 

On contemplated transposition of a vessel and check examination of the results, 
renal angiography is, of course, the only acceptable examination method. 

II. Dilatation of varying origin 
As mentioned in the introduction, a variety of urinary diseases, particularly in 

childhood, are often associated with dilatation of the urinary pathways. The roentgen 
findings are largely the same except for differences due to variations in the primary disease. 

Dilatation of the urinary tract is seen, for example, in the presence of stone in the 
ureter, tumor in or encroaching upon the ureter, vesical tumor involving the ureteric 
orifice, inflammatory edema or skrinkage, as in tuberculosis, retroperitoneal fibrosis, 
certain vascular anomalies such as anteureteric inferior caval vein, lesions of the ureter 
such as in association with ureterolithotomy, and in narrow ureterostomies or uretero
enteroanastomoses, post-radiotherapeutic edema, or cicatricious contraction, etc. (Fig. 
281). Ureteric dilatation is also likely to occur in a large number of diseases which obstruct 
flow to the bladder and the emptying of the bladder. In all of these diseases, unilateral 
or bilateral dilatation of varying degrees occurs, as well as temporary or permanent im
pairment of renal function. 

Direct encroachment of the carcinoma on the ureter in carcinoma of the colon may 
cause dilatation; pressure on the ureter may have the same effect. Urography should be 
performed prior to operation on every patient with a colon carcinoma, because of the re
lation between the ureters and the distal part of the colon. 

One or both ureters may be involved in regional enterocolitis (Crohn's disease) 
usually in connection with abscess formation (ROMINGER et al., 1961). GOLDMAN and GLICK
MAN (1962) expressed the opinion that urography should be included as part of the investi
gation of all patients for whom a diagnosis of regional enterocolitis has been made. The 
reason is that a slowly developing ureteral obstruction can be silent clinically, masked by 
the typical symptomathology of ileitis. 

Epithelial necrosis may occur in connection with the use of Sendoxan causing blockage 
of ureters or of the bladder, with consequent delay of contrast excretion and dilatation, 
as seen at urography. 

Broadly speaking, the principal remarks set forth above on the investigation of 
cases with obstruction of the pelviureteric junction also hold for these types of dilatation. 
The special investigation of the local obstruction due to the primary disease is added. 
Renal function should be the center of interest (Figs. 282). It may not be out of place 
again to stress the value of renal angiography in the evaluation of any impairment of renal 
function due to stasis and in deciding whether conservative or radical methods should 
be used if surgery is contemplated. 

Mention should here be made of the possibility of a vessel obstructing flow in the distal 
part of the ureter by compressing the ureter (PRIESTLEY et al., 1954). An artery may thus 
cross the ureter a few centimeters above the ureterovesical junction (YOUNG and KISER, 
1965). The vessel is most probably not the cause of the obstruction but is seen because of 
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Fig. 281. Pyelostomy and antegrade pyelography bilaterally. Amputation of cervix uteri with accidental bi
lateral ligation of ureters and consequent anuria. Pyelostomy 2 days later. a) Antegrade pyelography: Complete 
blocking of caudal end, right ureter; somewhat more cranially, also of left ureter. Operation. b) Postoperative 

urography: Good excretion. No dilatation 
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b c 

Fig. 282. Dilatation because of obstruction of right ureter by bladder carcinoma. a) Urography: Very slight 
excretion on right side. b) and c) Renal angiography: Marked vascular and parenchymal atrophy. Large sinus 
caused by dilated kidney pelvis. Irregular accumulation of contrast medium in kidney parenchyma and irre· 

gularity of kidney surface because of pyelonephritis 
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the dilatation. However, it may contribute to an increase of existing dilatation. (see 
chapter on Anomalies). 

As to the examination technique, it should be borne in mind that the examiner should 
try to obtain a complete filling of a dilated renal pelvis and of a dilated ureter at urography. 
This may be secured by utilizing the high specific gravity of the contrast urine. Thus the 
patient, should be placed in the supine position so that the confluence will be the lowest 

:B'ig. 283. Pyelonephritis with marked papillary atrophy and hydroureter due to incompetence of vesicoureteric 
junction 

point in the renal pelvis, and the distal part of the ureter lower than the proximal portion. 
If the caudal part of the ureter is obstructed, the patient may be allowed to get up and walk 
about for a while (one minute to an hour, depending on the nature and degree of the ob
struction) so that the contrast medium may sink to the obstruction (Fig. 283). 

When a hydronephrosis is caused by compression of the ureter by a pelvic tumor, 
the removal of the tumor and release of pressure will cause the kidney pelvis and the 
ureter to return to ordinary width within one to four weeks after operation, even if the 
tumor has been present for several years (COKIER and EpSTEIN, 1962). 

A few further details on special conditions are given below. 
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1. Dilatation of the nrinary tract in infants 

Dilatation of the urinary pathways in childhood is very often due to diseases in the 
bladder and/or urethra which are dealt with in greater detail in Part II of this volume. 

A large number of diseases in childhood can cause dilatation of the urinary tract, such as 
urethral stenosis through a valve or a tumor, vaginal atresia and hydrocolposis (MUANG
MAN and UEHLING, 1971). CAMPBELL (1951) claims that more than 90% of all serious 
urologic diseases in childhood are due to urinary stasis in connection with infection. This 
is the case in meningocele, for example, and in other innervation disorders. ROSE and 
SMITH (1963) found at urography in 119 patients with myelomeningocele 12 (10 %) show
ing evidence of hydronephrosis. Urography must in these cases be considered as a screen
ing procedure. Cystography with study of possible vesico-ureteric reflux is the important 
type of examination (Fig. 283). It must be noted that in the majority of cases the urinary 
lesions are of a silent and progressive nature (GRAF et al., 1964). 

Bladder neck obstruction is another common cause of dilatation of the urinary tract, 
as is ureterocele. The latter condition is common in infants with duplicated renal pelvis 
(which occurs more often in girls than in boys) and in children with symptoms of disease 
of the urinary tract (see below). 

If urination is difficult, the pressure in the urinary tract will be enhanced by the raised 
intravesical pressure, partly because the emptying of the ureter into the bladder will be 
obstructed and partly because an incompetent ureteric orifice does not provide a barrier 
against the increased intravesical pressure. 

The dilatation may affect the urinary pathways on one or both sides. Unilateral dila
tation should draw the examiner's attention to the possibility of the obstruction's being 
in the distal part of that ureter, such as in the case of a ureterocele. The fact that the di
latation is present on only one side does not necessarily mean, however, that the obstruction 
must be prevesical. It may simply mean that only one of the ureteric orifices is incompe
tent. 

The degree of dilatation varies. It is often considerable, with marked tortuosity of 
both ureters, so-called mega ureter (see below). Some authors attempt to distinguish a 
type of ureteric dilatation of mainly functional origin, differing in roentgenologic appear
ance from other types of dilatation. Such a distinction is not possible, as a rule. 

Roentgen examination with contrast medium is often simplest in association with 
urethrocystography, which should always be performed. It cannot be stressed enough 
that investigation of the urinary tract in children should, as a rule include urethrocystography 
because the cause of the disease is often found in the bladder and in the urethra. In other words 
the examiner should not rely too much upon urography in the examination of children. 

At urethrocystography, reflux of the contrast medium up into the ureters and renal 
pelves will often occur without special measures. Urethrocystography makes it possiblc 
to demonstrate not only the competence of the ureterovesical junction but, in incompe
tence, also the anatomy of the ureter and of the kidney pelvis. The filling may be rapidly 
transient. This filling can be facilitated by placing the patient with the head low. At 
incompetence in infants, a filling can be regularly obtained by lifting up the small patient 
by the feet, with the head down (see chapter on ureteric reflux). 

Instrumental pyelography should be resorted to only in exceptional cases. The 
diagnostic problems can be solved, as a rule, by urethrocystography and urography since 
(as mentioned above) dilatation of the urinary tract in infants is due largely to changes 
in the bladder and urethra. 

Therefore urethrocystography is almost always a necessary supplementary exami
nation in the investigation of urinary tract dilatation in children or at any rate it makes 
necessary the careful examination of the bladder during urography. It must be borne in 
mind, however, that even primary ureteric changes, e. g. ureter valve, unilateral or bi
lateral, may cause hydronephrosis. 
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2. Dilatation in prostatic hyperplasia 

Micturition difficulties in prostatic hyperplasia impair drainage of the renal pelvis 
and ureter. Drainage may be impaired still more by the angulation of the distal part of 
the ureters because the base of the bladder is lifted by the enlarged prostatic gland. The 
common involvement of the urinary tract indicates roentgen examination, particularly if 
operation is contemplated. Experience has shown that, as far as contraindicationsforprostat
ectomy are concerned, the abnormal urogram is of direct positive value (TROELL, 1935; 
BRAASCH and EMMETT; v. HERMANN and KRAUS; MINDER, 1936; LIEDBERG, 1941). 

a) Plain radiography 
Since most of the patients are fairly old, it may be difficult to outline the kidneys 

because the fatty capsule is thin. In addition, the kidneys are often located low because 
of pulmonary emphysema and senile kyphosis, in which case their caudal poles are pro
jected onto the bony pelvis. The presence of stone must be excluded and calcifications due 
to stone must be distinguished from vascular calcifications so common in these age groups. 
If the renal pelvis is markedly dilated, it is often possible to recognize its medial part. 

b ) Urography 
Delayed excretion and dilatation of the renal pelves and ureters are common findings 

in advanced prostatic enlargement. The patient is placed in prone position for a while 
to secure a filling of the whole renal pelvis and the ureters, The dilated ureters are often 
very tortuous and dilatation most marked in their distal parts. The lower parts of the 
ureters swing more or less sharply medially-cranially before entering the bladder. 
(Fig. 284). 

After establishment of drainage for about a month, the roentgenographic appearance 
becomes more normal: dilatation is less marked, excretion starts earlier, contrast density 
increases, and the emptying time of the renal pelves becomes shorter. The bladder and 
urethra are of course of great diagnostic interest. Changes in these parts of the urinary 
tract are dealt with in part II. 

It should be noted that at urography prior to prostatectomy, a significant number 
of renal changes can be detected. Some of these renal abnormalities, according to BONA 
et al. (1961), merit precedence over prostatism for immediate treatment. 

3. Dilatation of the urinary tract during pregnancy 

Ever since CRUVEILHIER (1842) at autopsy demonstrated that severe dilatation of the 
upper urinary tract occurs during pregnancy the phenomenon has received much atten
tion and prompted much speculation. Pyelographic and particularly urographic investi
gations have proved such distention to be common. In fact, it occurs in almost every 
pregnant woman. Dilatation of the renal pelvis and ureter, often in association with tort
uosity, thus also with increase in length of the ureter, occurs in more than 90 % of all 
cases and is somewhat more common in multiparae than in primigravidae. Dilatation on 
the right side is more common, occurring twice as often as on the left side. It is also more 
marked on the right side in bilateral cases. Dilatation involves the renal pelvis (Fig. 285) and 
ureter, the latter to a considerably less extent or not at all distally. The dilatation usually 
ceases at the innominate line or at the level where the ureter crosses the iliac artery. The 
dilatation begins in the tenth week of pregnancy in primigravidae and in the sixth week 
in multiparae (SENG, 1929) and is more marked and more frequently seen in multiparae. 
During the first two to four months after its start, dilatation is only moderate but it 
increases gradually with advancing pregnancy and the ureters are often pushed laterally, 
including even the segment in the small pelvis (Figs. 285~287). 
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A certain regression of the dilatation may be seen already during the last part of preg
nancy and after parturition the urinary pathways rapidly recover their ordinary width. 
Thus BRAASCH and EMMETT (1951) stated: "In more than half the cases the urinary tract 
returns to normal within two weeks after delivery. In almost all cases it will have returned 

Fig. 284. Prostatic hyperplasia. Urography: slight dilatation of kidney pelvis bilaterally. Continuous filling of 
ureters. Marked displacement cranially of distal ends of ureters by large prostatic gland impressing upon 

bladder and displacing roof of bladder 

to normal by the end of 12 weeks." However, slight widening may persist for a considerable 
time and the right renal pelvis will often be permanently widened to a slight degree and 
the upper part of the ureter may be dilated for the remainder of the patient's lifetime 
(OLLE OLSSON, 1956) (Fig. 286). This may explain the majority of cases with slight dilatation 
in which the right renal pelvis is, as a rule, slightly wider than the left. Most conspicuous 
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is the frequently persisting slight dilatation of the right ureter in the part cranial to the 
crossing of the iliac artery. In cases with such dilatation, fixation to the artery obviously 
may readily cause dilatation of a ureter, with laxity of its wall. If pregnancy has been 
complicated by severe pyelitis, a marked widening may persist for a considerable length 
of time (CRABTREE, PRATHER and PRIEN, 1937; PUHL and JACOBI, 1932; CONTIADES, 

1937). It may also be permanent (BRAASCH and MUSSEY, 1945). 

Fig. 285. Dilatation during pregnancy. Urography: slight bilateral dilatation, somewhat more marked on right 
side 

Opinions have differed from one period to another as to the cause of dilatation. In 
the beginning it was explained on purely mechanical grounds, it being supposed that the 
dilatation was due to pressure of the enlarged uterus against the ureters on their way 
across the bony pelvis. With increasing knowledge of hormones, attempts were made to 
explain the dilatation on purely hormonal grounds and, on the basis of experiments on 
mice and monkeys, to ascribe the dilatation entirely to a hormonal effect. It is difficult, 
however, to explain why the pelvic parts of the ureter are not dilated and why dilatation 
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is more common on the right side. Another point arguing against the hormone theory 
as the only explanation is the fact that in patients receiving estrogen therapy - thus 
not pregnant patients - the ureter does not become markedly dilated. Further, no such 
dilatation is seen in quadrupeds (KEATES, 1954). In addition, dilatation of similar type 

a 

b 

Fig. 286. Persisting slight dilatation of right kidney pelvis and ureter after pregnancy. Urography a) before 
pregnancy and b) three years later, two years after uncomplicated pregnancy 

may be seen in tumor of the small pelvis without estrogen production (Fig. 287). A mecha
nical factor is undoubtedly mainly responsible. On the other hand, I have observed that in 
low ureteric stone in gravidae a resulting dilatation of the ureter is much more marked 
also in the distal part of the ureter than in non-pregnant women. A certain laxity of the 
ureteric wall is undoubtedly present and is in fact responsible for the severity of dilatation. 

22 Handbuch der med. Radiologi e, Bd. XIII!l 
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BAKER and LEWIS (1935) offer a simple explanation for the fact that distention is 
more frequently seen on the right side. In a post mortem study of a pregnant woman they 
noticed that the sigmoid colon acted as a pressure absorber, absorbing most of the pressure 
that would otherwise be exerted on the left ureter by the enlarged uterus. With this in 
mind the authors made colon studies in pregnant women. Their findings suggested that 
the colon not only functions as a pressure absorber and thereby protects the left ureter, but 
that it is also responsible for the so-called physiologic dextroposition of the pregnant 

]'ig. 287. Dilatation of urinary tract of same type as in pregnancy. Dilatation due to large ovarian dermoid 
cyst without hormonal disorder 

uterus, which exerts a strong pressure against the right ureter. If the ureteric dilatation 
developing during pregnancy, with decreased tonus of the ureter, does persist to a certain 
extent for the remainder of the patient's lifetime, there is reason to give more attention 
to this problem in view of the risks which it may imply. 

There is at the same time reason to warn against unnecessary roentgen examination 
of this condition or of urinary tract disease during pregnancy. This restriction is dictated 
by the amount of radiation necessary for proper examination of a pregnant woman and 
the large amount, of secondary radiation from the uterus to the ovaries. 
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4. Ureteric dilatation following pregnancy 

A special method for investigating ureteric dilatation following pregnancy is proposed 
by KAUPPILA et al. (1972). This method consists of simultaneous uterine phlebography 
and retrograde pyelography. The authors believe that by this method it is possible to 
demonstrate that pressure by a pelvic vein is a factor contributing to the ureteric dila
tation. So far convincing results are lacking. 

5. Ureteric dilatation following use of oral contraceptives 

With the increased use of oral contraceptives containing estrogen and progestogen, 
a discussion has flared up around possible non-desirable effects of this use, for example 
an increased tendency towards thrombosis. Another suggestion is that the contraceptives 
could cause slight ureteral dilatation, which in turn could promote infection with its compli
cations. In 1966 MARSHALL et al. reported two cases of ureteral dilatation during the use 
of oral contraceptives. In 1970 GUYER and DELANY described slight dilatation and over
distensibility of the upper urinary tract seen during urography of six nulliparous patients 
using oral contraceptives. Of these patients five had persistent or recurrent urinary in
fections. The dilatation was only slight. In a large material, so far not published, the pre
sence of such dilatation or over-distensibility has not been confirmed. 

6. Local dilatation of the urinary tract 

A widening of a single calyx or group of calyces is called hydrocalicosis. It is due to a 
process obstructing the lumen of a branch or a stem of a calyx (Fig. 288). Corresponding 

c 

Fig. 288. Plain radiography: a) Stones in caudal part of left kidney. b) Urography: stone obstructs flow from 
caudal calyces, which are severely dilated. Corresponding papillae are atrophic. c) Operative specimen. Polar 

nephrectomy 

parts of the renal pelvis are widened and the papillae are flattened. The process is often 
associated with marked atrophy of the papilla, which enlarges the cavity filled with con
trast medium. 

Hydrocalicosis is always secondary to a pathologic lesion. A stone wedged in a caly
ceal stem, narrowing of an already narrow part of the renal pelvis by inflammatory 
edema, or contraction such as in tuberculosis etc. is the cause of hydrocalicosis. The 
roentgenologic changes in this condition and its differential diagnosis are therefore dis
cussed together with the fundamental diseases. 

As described under the sub-heading "calyces" in Chapter F, hydrocalicosis has been 
regarded as a disease sui generis, an assumption devoid of supportive evidence. 

22* 
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7. The Megaureter 

A special type of dilatation is represented by the-so-called megaureter. There is much 
confusion as to the meaning of the word, however. Some authors include every dilated 
ureter under this classification, regardless of the cause. Some exclude from the classifi
cation those cases where dilatation is caused by factors in the bladder or by a pathologic 
process distally in the ureter, for example a ureterocele. Some authors reserve the name for 
cases secondary to obstruction at the vesico-ureteral junction or secondary to massive 
cysto-ureteral reflux. There is some reason for acceptance of the first classification, but 
no reason for acceptance of the second or third. 

Another classification divides megaureters into primary and secondary types. The 
secondary group would then include every dilated ureter where a patho-anatomic lesion 
such as stone, stricture, valve, etc., can be found in the urethra, the bladder or the ureteric 
orifice, causing block of free urinary flow. 

Primary megaureter is thus a congenital, dilated ureter without patho-anatomic ex
planation. The primary megaureter has been assumed to represent a urogenic disorder 
but an etiology based on anatomic conditions at the ureteric orifice has also been proposed. 
Radiologically, the primary megaureter or megaureter per se is a dilated ureter without 
pathologic changes directly explaining the dilatation, which may be unilateral or bila
teral, may affect the ureter and the kidney pelvis, the ureter alone, or the distal part of 
the ureter, and which may be only slight or very marked. 

The diagnosis of megaureter per se should not be made roentgenologically until 
pathologic changes that could be responsible for ureteric dilatation have been ruled out. 
It should be stressed again that a peripheral obstruction to urinary flow does not necessarily 
mean that ureteric dilatation caused by this obstruction must be bilateral. Only one ureter 
may be dilated, the orifice of the other ureter being competent. 

a b 

Fig. 289. Dilatation of cranial pelvis in double kidney. Ureterocele, right. a) Urography: double kidney on left 
side, single kidney pelvis on right side. Position of pelvis within kidney with large cranial pale definitely argues 
for presence of another dilated pelvis. Extirpation of cranial pole of kidney and widened ureter. b) Pyelogram of 

specimen 
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b c 

Fig. 290. Dilated cranial renal pelvis in left-sided double kidney. a) Urography: excretion only in caudal kidney 
pelvis, which is flattened cranially and displaced caudally. Large expansivity cranial to kidney pelvis. b) Renal 
angiography, arteriographic phase: ordinary conditions in lower pole of kidney corresponding to filled kidney 
pelvis. Marked atrophy of arterial branches to upper part of kidney, which are stretched and displaced. Dis
placement of renal pelvic artery in a curve medially. c) Nephrographic phase: no functioning kidney parenchyma 

corresponding to markedly dilated upper kidn3Y pelvis 
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8. Dilatation of the urinary tract in double renal pelvis 

The conditions described above which are capable of causing a dilatation of the uri
nary tract can also cause dilatation of one of the renal pelves of a duplicated kidney. 

The diagnostic problems are the same as those described above for kidneys with a 
single pelvis. However, this anomaly offers certain diagnostic difficulties. This is the case 
when the dilatation is due to an ectopic orifice of one of the ureters andin all cases in which 
a filling is obtained of only one of the pelves at urography. 

It is nearly always the cranial renal pelvis which is problematic, and the exami
nation is usually indicated by urinary incontinence. 

a b 

Fig. 291. Hydronephrosis in caudal kidney pelvis in double kidney. a) Angiography: atrophy, stretching, 
displacement of branches to caudal half of kidney. b) Nephrographic phase: marked atrophy of parenchyma 

in distal half of kidney 

The purpose of the examination is to demonstrate whether a double kidney is present. 
If excretion of contrast medium can be demonstrated in both pelves in the double kidney, 
the diagnosis is, of course, simple. As a rule, however, stasis in the upper renal pelvis has 
existed for such a long time that no excretion will be seen in this part. In some of these 
cases, at plain radiography and urography the shape of the kidney and of the renal pelvis 
will be seen to be such as to indicate the existence of a second renal pelvis (Fig. 289-292). 
Sometimes the combined findings in plain radiography and urography permit a firm diagno
sis, since a large cranial renal pole will be seen with a long distance between the outline 
of the pole and the cranial calyx. The cranial part of the renal pelvis of the lower kidney 
may then be compressed and flattened. 

In some of these cases, especially in adults, differentiation from tumor and cyst may 
be difficult. Despite dilatation of a cranial renal pelvis, which can originally be very small, 
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a 

b c d 

Fig. 292. Dilatation of kidney pelvis and ureter in double kidney, right side. a) Urography: displacement of 
caudal kidney pelvis and impression in its cranial part by dilated upper kidney pelvis; b) angiography: marked 
displacement cranially of renal artery; excretion in markedly dilated upper kidney pelvis and corresponding 
ureter; c) antegrade pyelography by percutaneous puncture of dilated kidney pelvis and filling of ureter; d) opera-

tion specimen 
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the diagnosis may sometimes be difficult if the renal pole is only slightly enlarged and 
the contrast-filled renal pelvis of ordinary shape. 

Renal angiography may be valuable. In the nephrogram, atrophy of the renal 
parenchyma will be seen in the area corresponding to the dilated renal pelvis (EcKERBoM 
and LILJEQUIST, 1952; IDBOHRN and SJOSTEDT, 1954) (Fig. 291). In some of these cases a 
ureterocele can be found at urography (Fig. 289). If roentgen examination has given 
reason to suspect a double renal pelvis with hydronephrosis of the cranial pelvis, a thorough 
search must be made for a ureter with an ectopic orifice. The ectopic ureter often has a 
ureterocele extending down into the bladder neck and posterior part of the urethra. In a 
monograph ERICSSON (1954) described 20 cases of ureterocele. In 14 of these the orifice was 
ectopic. For study of ureterocele see Chapter R. 

I. Generalized diseases of the renal parenchyma 

The term "generalized diseases of the renal parenchyma" embraces such condi
tions as pyelonephritis, glomerulonephritis and tubular nephritis. These conditions have 
much in common roentgen-diagnostically, such as the indications for roentgen examina
tion. Most cases of uremia belong to this group and may therefore be grouped together 
in the discussion of the importance of roentgen examination in the evaluation of the 
amount of functioning renal parenchyma, in the diagnosis or follow-up of generalized 
edema and pulmonary edema, and in their differentiation from other surgical urologic 
conditions resulting in uremia. In other words, such cases occupy a central position in 
the discussion of acute renal insufficiency. 

A firm diagnosis is often difficult because patho-anatomic verification is often not 
available. Operative biopsy and, more often, percutaneous needle biopsy are resorted 
to with increasing frequency. Biopsy specimens removed by this or any other technique 
are of value only if they are taken from the actual site of changes. Unless performed under 
sight control or in connection with a suitable roentgenologic procedure, the percutaneous 
technique may therefore be of limited diagnostic value, particularly in pyelonephritis, in 
which the severity of the changes in one and the same kidney is known to vary widely 
from one part to another. Percutaneous needle biopsy may yield reliable information 
in glomerulonephritis, in which the pathologic process is roughly even throughout the 
entire kidney. Pyelonephritis is often a complication in some other disease such as stone, 
which dominates both the clinical and roentgenologic findings. Roentgenologists interested 
in the diagnosis of pyelonephritis - and every roentgenologist certainly should have this 
disease in mind when examining urologic cases - will find that in various diseases the 
roentgenologic findings will very often give evidence of additional changes caused by 
pyelonephritis. However, in order to distinguish signs more or less specific of certain 
diseases and to give diagnostic criteria satisfactory definitions, the diseases producing symp
toms under investigation must be grouped according to a firm and definite diagnosis, 
excluding other possibilities. Therefore this grouping must be based, as a rule, on patho
anatomic evidence. This rule has often not been observed in generalized parenchymal 
changes, the roentgen-diagnostic signs having been related to diseases diagnosed merely 
clinically, occasionally not very strictly. Therefore the roentgen symptomatology is some
times not satisfactorily described. 

It is a well established fact that the bone and joint system may be included in the 
disease pattern of certain infectious diseases of the urogenital system. Thus metastatic 
gonococcal arthritis is very well known, as is the relationship between pelvospondylitis, 
prostatovesiculitis and so-called uro-arthritis, those rheumatic conditions developing in 
association with urogenital infections. It has been found that rational treatment of uro
genital infection favorably influences the development of the diseases mentioned 
(ROSENTHAL et al., 1971). 
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The diseases referred to above have a common roentgen-diagnostic baseline, where 
the differential diagnosis is of less importance in the acute stage. It is represented by acute 
renal insufficiency. In this clinical entity, roentgen examination is of importance from 
several points of view which will be discussed below. 

I. Acute renal insufficiency 

1. General considerations 

The general considerations in the roentgen examination of patients with acute renal 
insufficiency, as they have developed in cooperation with the units for urology and nephro
logy at our hospital, are set forth below. 

Patients with acute renal insufficiency, as a rule, are in a poor general condition, 
often moribund, which makes roentgen examination difficult and requires well planned, 
quick and reliable examination with the aid of proficient assistance. 

The first point to decide is whether the renal insufficiency is due to changes in the renal 
parenchyma such as generalized parenchymatous changes, toxic damage, tumor, etc., 
or to obstructed drainage such as by stone, tumor, post-radiotherapeutic edema, periure
teritis obliterans, etc. It should be observed that a retroperitoneal tumor extending from 
the intestines or the bladder, or from the female genital organs may obstruct both ureters. 
In addition to performing instrumental examination to check the patency of the ureters, 
the examiner must be on the watch for any signs suggesting stone or any other obstacle 
obstructing urinary flow. The roentgenologist should therefore pay special attention to 
the size of the kidneys and to the width of the renal pelvis. Dilatation of the renal pelvis 
can occasionally be detected in plain roentgenograms. The possibility that the patient 
may have only one kidney should regularly be considered. 

The next step is to assess the amount of renal parenchyma. If the kidneys can be 
outlined (zonography or tomography may be helpful) the mass of renal parenchyma -
with certain reservations - can be estimated in plain roentgenograms, in accordance with 
the principles given in Chapter C. Such estimation is important not only in the general 
evaluation but particularly in the choice of therapy. This is influenced by the types of 
changes in the kidneys causing the acute insufficiency: for example if any enlargement 
of the kidneys can be demonstrated and ascribed to an acute disease from which the patient 
can probably make a complete recovery, or if severely contracted kidneys are found to 
be the cause. 

The size of the kidneys is of prognostic importance. This point will be discussed 
below. 

2. Edema 

Edema in connection with renal disease is a very complex phenomenon with varying 
pathogenetic aspects operating in combination with basic differences in various renal 
diseases. In some diseases the renal insufficiency is the decisive factor. In anuria, for ex
ample, edema may develop a few days after onset of the anuric state. In acute diseases, for ex
ample acute glomerulonephritis, the edema develops much more rapidly from extra
renal factors. It must be noted also that in some types of edema a hypervolemia is part of 
the process, whereas edema in nephrosis, for instance, is characterized by hypovolemia. 

Examination of patients in a state of acute renal insufficiency brings into sharp focus 
the importance of roentgen examination in checking edema. Examination of the lungs is 
of great value. This is apparent from the fact that, as pointed out by several workers in 
this field, even in severe pulmonary edema the findings at physical examination of the 
patients are often scanty and contrast sharply with the lung changes seen roentgenologi
cally. This makes the roentgen examination of these patients essential because pulmonary 
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edema is a serious and life-threatening complication. In pulmonary edema of this type 
the changes are usually bilateral but may differ markedly in extent, from side to side, 
and may occasionally be unilateral. The changes usually involve the major portion of the 
lungs. The peripheral parts of the lungs are free, as pointed out above all by RERRN

HEISER (1958). The changes are thus localized to the central part of each lung and each 
lobe (Fig. 293). The terms "butterfly edema" or "bat wing shadows" are often met in 
the literature. These terms are related to anon-roentgenologic method of studying roent-

a 

Fig. 293. Pulmonary edema: a) bedside examination: severe edema localized centrally in pulmonary lobes. b) and 
c) Two days later, after successful treatment: edema has diminished markedly. Slight changes are seen centrally 

in lungs 

genologic changes and relate to an impression given in a frontal view of the chest in some 
cases. Such terms are non-roentgenologic and should be abandoned. 

A differential diagnosis is naturally of importance in the planning of treatment. It 
is sometimes difficult to distinguish between this type of pulmonary edema and cardiac 
edema, certain types of pneumonia, or atelectases, particularly since a combination of 
these lesions is not unusual (Fig. 293). As mentioned, this pulmonary edema is characterized 
by the fact that the changes are bilateral and localized mainly to the center of the lungs, 
the margin of the lungs being entirely free from' changes. Experimental investigations at 
our department on dogs with various types of pulmonary edema, induced by different me
thods and in different vascular regions, have shown this most distinctly (BORGSTROM et al., 
1960). These investigations have also shown that the characteristic localization of the 
changes may be due to their relation to the regions of supply of the bronchial arteries. 



Fig. 293b 

Fig. 2930 
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The changes consist essentially of marked edema in the wall of the large bronchi in con
trast to the cardiac edema and different types of pneumonia in which the filling of the 
alveoli is the main feature. 

The pulmonary changes are reversible. Check examinations of the chest are there
fore of great value in the management of acute renal insufficiency. In early pulmonary 
edema and in the healing stage of edema, the only changes consist of an increased 
amount of fluid in the pleural cavity. To demonstrate small amounts of pleural fluid, 
the patient must be examined in lateral decubitus with horizontal direction of the roentgen 

Fig. 294. Pulmonary edema with unilateral engagement: only central parts of the lobes in right lung are engaged 
(bedside examination) 

rays. The patient is placed on the side to be examined, with one cushion in the armpit 
and one under the hip. The X-ray tube with horizontal direction is behind the patient and 
a cassette is placed standing at the patient's frontal side. The patient should be rotated 
about 10 0 with the upper side forward and the head somewhat lowered. Even very small 
amounts of fluid can be demonstrated in this way, as the fluid floats along the chest wall. 

In this connection mention should be made of the so-called Goodpasture's syndrome 
with initial hemoptysis in a young person followed by pulmonary infiltration, anemia, 
renal failure, and a short fatal course. The pathologic findings limited to lungs and kid
neys include pulmonary hemorrhage and an alveolar septal lesion as well as glomerulone
phritis, first focal and later disseminated. LARSSON et al. doubt the necessity of using 
this syndrome in the medical literature as the syndrome probably coincides with 
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malignant glomerulonephritis with pulmonary hemorrhage (see also MORTENSSON et al., 
1967). 

The presence of any edema can also usually be detected at plain roentgenography 
of the urinary tract. In the examination of the patient in the acute stage it is often diffi
cult to recognize the outline of the kidneys, mainly because of the conditions under which 
the examination is performed. The patient is often unable to co-operate during the exa
mination: he is not prepared for the examination, and uremia is often accompanied by 
considerable meteorism. Ascites and retroperitoneal edema also often add to the difficulty 

Fig. 295. Acute glomerulonephritis with hemoptysis and hemosiderosis. Bedside chest examination: widespread 
lJihteral parenchymal changes with more generalized engagement of different lobes than in changes character· 

istic of uremic pulmonary edema 

in recognizing the outline of the kidneys, but, on the other hand, these conditions add to 
the diagnostic information of the examination the fact that edema is present. (It is assumed 
that the reader is familiar with the roentgen diagnosis of ascites.) Retroperitoneal edema 
has been described in the chapter on perinephritis. In these cases the edema is more 
generalized, with a marked increase in density of the entire retroperitoneal space. This 
increase abolishes the difference in contrast between organs and tissues in the retroperi
toneal space, and it is often not possible to define the psoas muscles, kidneys etc. In the 
treatment of the fluid retention, with regression of the edema as a consequence, the kid
neys gradually become distinct. 
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3. Estimation of the size of the kidneys 

Estimation of the size of the kidneys during the course of the disease is important. 
If the kidneys are enlarged, it may be due not only to stasis, which has been dismissed 
from the differential diagnosis by this stage of the disease, but to generalized parenchy
matous changes such as glomerulonephritis, tubular nephritis, pyelonephritis, etc. Ge
neral enlargement of the kidneys may also be due to amyloidosis and other types of neph
rosis before the kidney has begun to shrink, infiltration of the kidney by leukemic tissue, 
for example, and infarction of the kidney. Extensive granuloma formation in the kidneys 
in sarcoidosis, for example, also belongs to this group of conditions. These diseases can 
lead to a considerable enlargement of both kidneys. Another condition to be borne in 
mind is polycystic kidney (described in Chapter G). In the stage of acute renal insufficiency, 
polycystic kidneys are usually so large and irregular as to offer no diagnostic difficulties. 

If the kidneys are small, glomerulonephritis and pyelonephritis are prevalent, to
gether with hypoplasia, but many diseases may have a final stage of kidney contraction 
such as collagenous disease, arthritis urica, etc. 

Glomerulonephritis and tubular nephritis are of roentgen-diagnostic interest mainly 
in the investigation of the effect of the disease on the size of the kidney. Pyelonephritis 
is of greater diagnostic interest because it is the most common renal disease. 

At check examination soon after the acute stage the following points should be borne 
in mind: 

a) Enlarged kidneys 

The kidneys may be enlarged in acute and sub-acute glomerulonephritis, tubular 
nephritis and acute pyelonephritis, in the nephrotic syndrome, in gross bilateral renal 
cortical necrosis, and in the early stages of certain other conditions. The enlargement is 
occasionally considerable. Both kidneys are enlarged to the same extent except in pyelone
phritis, in which only one kidney may be affected, or sometimes only part of one kidney. 
The kidneys are plump but have a smooth surface. Occasionally they cannot be comple
tely outlined because of edema. Oblique views facilitate recognition of their borders. 
Zonography or tomography may sometimes be useful. 

It is important to follow the course of the disease. If there is any doubt about the 
size of the kidney, check examination should be performed as soon as the edema has 
abated. Repeated check examinations for any further change in the size of the kidney 
should be performed preferably at intervals of two weeks, later at longer intervals. 
During such roentgen follow-up, persistence of the kidney enlargement shows that the 
pathologic process is still active. In some cases the kidney may assume and then retain 
normal size, while in other cases the kidney may continue to decrease in size, i. e. to develop 
into a contracted kidney. 

In cases of uremia, bleeding in the mucuous membranes of the gastrointestinal 
tract, esophagus, stomach, small bowel, and colon may occasionally occur. Small bowel 
changes are not uncommon during long-term hemodialysis mainly due to edema in the 
bowel wall (KING et al., 1971). The roentgenologist should be familiar with the roentgen 
symptomatology of such lesions. 

b ) Kidneys smaller than normal 

Chronic glomerulonephritis and pyelonephritis, as well as late stages of tubular nephri
tis, renal cortical necrosis, and certain other diseases may be accompanied by marked 
shrinkage of the kidneys. In pyelonephritis the change is usually more severe on one side 
than on the other. In patients with a small solitary kidney the question arises whether 
this condition is congenital or due to shrinkage. It is often not possible to answer this 
question. What is described in the literature as a hypoplastic kidney due to an embryologic 
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disorder may in reality be a contracted kidney due to early pyelonephritis, emboli, etc. 
(see chapter on Anomalies). 

Variations in the size of the kidney will be discussed below, against the background 
of two diseases, namely glomerulonephritis and tubular nephritis. 

4. Glomerulonephritis 

At examination of patients acutely ill, the examiner must first ascertain the stage of 
the disease, as patients not infrequently have glomerulonephritic shrunken kidneys without 
any earlier history. In patients acutely ill the kidneys are often normal in size but are 
sometimes enlarged, occasionally markedly so. On the other hand, the kidneys may be 
smaller than normal. This means that the uremia is not due to acute glomerulonephritis 
and, if the kidneys are very small, that the uremia represents a final stage of renal insuffi
ciency. 

In anuria, recognition of the stage of the disease is of paramount importance. Extre
mely active therapy is available and must be applied, especially in cases of acute glome
rulonephritis with anuria. It has been demonstrated by RUDEBECK (1946) that the mor
tality from acute glomerulonephritis (diagnosed clinically) is highest when the clinical 
picture at the onset of the disease is very intense. On the other hand - if these patients 
survive the initial stage - the prospects are not worse than for those in whom the 
clinical picture was moderate in the beginning. Therefore every effort must be taken to 
carry the patient over the acute stage. 

The rate at which the disease progesses from an acute to a chronic stage seems to vary 
widely from one case to another. According to VOLHARD and FAHR (1914), acute nephritis 
occasionally reaches the stage of a contracted kidney within a few months. On the other 
hand, one case was reported in which glomerulonephritis was still in the subchronic stage 
after 3Yz years. The possibilities enabling the pathologist to obtain a clear idea of the 
general course of glomerulonephritis are limited, of course, as fortunately the percentage 
of cases coming to post-mortem examination is relatively small. Here roentgen exami
nation can contribute considerably to our knowledge of the patho-anatomic course of 
the disease because it is practically always possible, by repeated check examination, to 
follow the gross anatomic changes as judged by the size of the kidney. The general views 
in the course of the diseases are also influenced by the diagnostic advantages of needle 
biopsy. 

In a given case the routine roentgen examination plays another role: by assessing 
the size of the kidney in the course of the disease it is often possible to evaluate the actual 
condition as well as the prognosis because the size of the kidney reflects the amount of 
surviving parenchyma. At check examination it may be shown how enlarged kidneys 
reassume a normal size or how enlarged or ordinary-sized kidneys become smaller and 
continue to decrease in size until the stage of contracted kidney is reached. 

Advances in immunology and certain results in treatment of glomuleronephritis 
with immuno-suppressive drugs have stressed the need for more specific diagnostic 
possibilities in this disease. To increase roentgen-diagnostic acumen, we have tried renal 
angiography (EKELuND et al., 1971) (Fig. 296). In a material of 66 patients with glomu
leronephritis in different stages (all cases were verified at biopsy) angiography was 
performed with the following results: In the acute group of eight patients the kidney size 
was slightly increased in five cases and was normal in three. All eight patients had angio
graphic changes consisting of stretching of intrarenal branches, poor definition of cortical 
branches, and slightly widened or ill-defined cortex. In the chronic stage with normal 
kidney function, of 43 patients all except one had normal kidney size and normal conditions 
at urography. Eighteen of these patients had slightly pathologic angiograms with widening 
and increased tortuosity of the intrarenal branches and slight cortical changes as above. 
In 30 patients with chronic glomuleronephritis with decreased kidney function, kidney 
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a d 

b c 

Fig. 296. a) Glomerulonephritis, acute stage: kidney markedly enlarged; only very slight filling of branches to 
cortex. b) later stage, same patient: regression of swelling of kidney; somewhat better filling of cortical branches, 
especially in caudal kidney pole. c) Glomerulonephritis, male 22 years of age: Chronic glomerulonephritis with 
normal kidney function; kidney of ordinary size and shape with wide intrarenal branches but no peripheral 
branches. d) Glomerulonephritis, female, 37 years of age: Advanced chronic glomerulonephritis: kidneys small 

but of ordinary shape, with fairly even surface; cortex very thin 
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size and urography were normal; 11 of the 30 patients had slight angiographic changes, 
as in the previous group. In advanced chronic cases with contracted kidney, it was not 
possible angiographically to differentiate between the final stage of a glomerulonephritis 
and of a pyelonephritis. Thus, although angiographically demonstrable changes are slight, 
they may add to the diagnosis of this disease. 

Mention should be made here of a research project by HABIGHORST et al. (1970) on 
angiographic differential diagnosis of different types of contracted kidney. This is an arterio
graphic examination on autopsy kidneys where attempts have been made to collect angio
graphic data for various types of renal contraction, for example through infarction, pyelo
nephritis, hydronephrosis, glomerulonephritis, arteriosclerosis. No clinically decisive differ
entiation could be made, but research along this line must be continued. 

In experiments on rats, LJUNGQUIST et al. (1971) found that induced radiation nephri
tis resulted regularly in development of hypertension after removal of the non-irradiated 
kidney. At micro-angiography a reduction of the cortical vasculature was found, whereas 
the medullary vasculature showed nothing pathologic. This project also belongs to fields 
of research where gains to clinical angiography can be expected. 

In this connection reference is made to an experimental study with induction of uni
lateral acute renal failure by intra-arterial Norepinephrine infusion in the dog by KNAPP etal. 
(1972). The authors believe that there is definite evidence of an intrarenal mechanism for 
the maintenance of the extreme renal vasoconstriction found in acute renal failure. 

Another promising diagnostic possibility common to generalized renal diseases giv
ing an opportunity for selecting cases with very slight pathology, is estimation of cortical 
volume (HEGEDUS and FAARUP, see above). This method has been used by HEGEDUS 
and RAVNSKOV (1971) in a pathologic group of 36 patients with 49 apparently normal 
kidneys. The patients had clinical signs or suspicion of generalized kidney disease or hyper
tension, or had abnormalities commonly associated with generalized kidney disease in 
the contralateral kidney, such as papillary necrosis or local scarring. In these apparently 
normal kidneys the superficial cortical volume expressed in percent of total kidney volume 
showed a great and statistically significant difference from a normal group. This easy and 
practical method also appears to add some diagnostic possibilities in an obscure field. 

Mention should be made again of Goodpasture's syndrome, which is a rapidly progres
sive glomerulonephritis associated with intrapulmonary hemorrhage and pulmonary hemo
siderosis. The pulmonary changes are supposed to constitute an antibody - antigen pro
cess. These changes may vary from slight to extensive. Resolution of the changes is seen 
after nephrectomy (SIEGEL, 1970). 

5. Tubular nephritis 

Acute renal failure is characterized by rapid development of renal insufficiency with 
onset of acute uremia. The etiology is varying; a common cause is shock, for instance in 
connection with bleeding or a postoperative state. Other causes are intoxication of many 
different kinds, for example from mushrooms, snakebites, drugs, etc.; infection, for ex
ample in peritonitis, pneumonia, sepsis. Renal disease such as glomerulonephritis, pyelone
phritis, blockage of drainage from the kidney of many types represent other causes. 

Patients with tubular nephritis usually come for roentgen examination in the stage 
of acute renal failure. What is said above about acute renal insufficiency is applicable 
to this stage. 

At roentgen examination of a patient with tubular nephritis it may be well to remem
ber the following more or less widely accepted stages: the initial stage during which the 
injury takes place, the anuric-oliguric stage, which is defined as the period during which 
the daily urinary volume is 400 ml or less and which is said to last about 10-12 days, 
the diuretic stage, defined as beginning when the daily urinary volume exceeds 400 ml 

23 Handbuch der med. Radiologie, Ed. XIII/! 



354 OLLE OLSSON: Roentgendiagnosis of the kidney and the ureter 

and with still reduced renal function, and the late diuretic stage when the kidney function 
gradually improves and in most cases becomes normal. 

Roentgenologically, the initial stage is a diagnostic stage, in which at plain roentgeno
graphy of the abdomen, equal enlargement of both kidneys can be demonstrated, with 
a contour varying in distinctness with the severity of retroperitoneal edema. 

In the anuric-oliguric stage, the purpose of the examination is often to decide whether 
the patient has edema, especially pulmonary edema, and to check the effect of thera
peutic procedures. In the diuretic stages, the question is mainly to assess the prognosis 
by the rate at which the kidney returns to normal size or shrinks still further. As a rule 
the kidneys return to normal size within one or a few months, but occasionally a slight 
enlargement persists for a considerable time (Fig. 297). Sometimes the kidneys shrink. 
It should be observed that gross bilateral renal cortical necrosis may be the final stage of 
grave tubular nephritis. 
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Fig. 297. The area of both kidneys in acute renal failure in a material of 66 cases. The straight lines represent 
the mean value and the standard deviation in 100 cases with "healthy" kidneys. (After MOELL) 

6. Gross bilateral cortical necrosis 

Gross bilateral cortical necrosis occurs most frequently in association with concealed 
accidental hemorrhage (SHEEHAN and MOORE, 1952) and since oliguria--anuria is a predo
minant clinical feature, what was said above about acute renal insufficiency also applies to 
this disease. Formerly the disease was of less interest from a roentgen -diagnostic point 
of view because it often runs a rapid and fatal course. By means of rational conservative 
therapy and, when indicated, by the use of artificial kidney (dialysis, ultrafiltration), 
it has become possible to keep patients with renal insufficiency alive for a long time. 
MOELL (1957) has reported two cases of gross bilateral cortical necrosis, one with 70, the 
other with 116 days of oliguria--anuria. Both patients contracted acute renal failure 
in connection with the birth process. In the early stage of the disease the size of the 
kidneys was distinctly increased. Shrinkage was rapid afterwards, however, and the 
kidney surface became irregular. Cortical calcifications appeared in one case after two 
months. In the other case cortical calcifications could be seen in post-mortem films of 
the kidneys. 

Judging from observations made by MOELL, renal cortical necrosis is obviously more 
common than is widely assumed. He has found cortical calcifications in some cases of 
advanced tubular nephritis. Obviously there are two types of cortical necrosis, one gener
alized and one focal. 
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7. Pyelonephritis 

Pyelonephritis is a focal, non-specific bacterial infection affecting, primarily, the inter
stitial renal tissue and the mucuous membranes and, secondarily, the specific renal paren
chyma and the vasculature. It is of chronic nature, causing focal or generalized scar for
mation. 

Pyelonephritis is the most common of all renal diseases, either as a primary lesion or 
as a complication of other types of renal disease such as stone, stasis of all kinds, gouty 
kidney, and other types of metabolic renal disorders. In renal hypertension pyelonephritis 
is the most common cause and in renal insufficiency pyelonephritis is also a factor of 
great importance. 

The roentgen diagnosis of pyelonephritis has been difficult so far because the disease 
varies in extent and course from case to case and because many of the roentgen-diagnostic 
findings are not specific. When collecting diagnostic signs characteristic of a disease, the 
important search for invariants must be strictly limited to cases with the diagnosis esta
blished as firmly as possible, in other words patho-anatomically. The abundant literature 
on the roentgen findings in pyelonephritis is based mainly on examination of cases in 
which the disease was diagnosed on clinical grounds but not confirmed by patho-anatomic 
examination. In addition, information on the motility, tonus, etc., of the urinary tract 
in pyelonephritis is often founded on less satisfactory examination methods and described 
in terms for which the examination technique does not furnish complete cover. Never
theless some publications on the roentgen diagnosis of pyelonephritis deserve due consider
ation (WULFF, 1936; PREVOT and BERNING, 1950; BRAASOH and EMMETT, 1951; DEJDAR 
and PRAT, 1958; BOIJSEN, DEJDAR, 1959 etc.). DEJDAR and PRAT (1958) stressed the im
portance of roentgen examination in the investigation of pyelonephritis. Although their 
illustrations are not convincing in all respects and their material consisted of cases diag
nosed only clinically, their results are interesting. 

The roentgenologic understanding of pyelonephritis has been given a new dimension 
by the use of angiography in the examination of suspected chronic pyelonephritis. The 
disease was formerly called "pyelitis." This name stressed changes in the renal pelvis, 
the pyelon. The renal pelvis can be examined by pyelography or urography. Patho-ana
tomic examination, however, found pyelonephritis to be characterized mainly by changes 
in the renal parenchyma and the term "pyelonephritis" was coined on the basis of these 
observations. This forced the roentgenologist to focus his interest on the renal parenchyma. 
This could be studied in plain films when the size and shape of the kidney could be estimated 
and any irregularities through scar formation noted. At pyelography or urography, the 
borderline elements between the kidney pelvis and the kidney parenchyma, the papillae, 
can be studied and have attracted much interest, particularly so when papillary necrosis 
is found to be combined with, or a representative part of, pyelonephritis in a great number 
of patients. Many lesions give no or inconclusive changes when studied in this way, how
ever. The rational method for studying the renal parenchyma is through angiography, and 
this examination method has increasing importance in the investigation of cases of chronic 
pyelonephritis. 

a) Plain roentgenography 
In the acute stage of the disease, one or both kidneys are enlarged. The enlargement is 

seldom marked. As the disease heals, the kidney assumes normal size, but the decrease in 
size may continue and within some months result in unilateral, bilateral or locally contracted 
kidney. If shrinkage is generalized, the length of the kidney may be reduced to 4-7 cm 
and the breadth to 3-4 cm. The kidney may then have an irregular surface and it may 
increase in density due to deposition of calcium in the renal parenchyma appearing as 
small, irregular, opaque, multiple, scattered calcifications. I cannot confirm DEJDAR'S 
(1959) statement that the kidneys decrease in density. Only in the very few cases with 
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severe changes and replacement lipomatosis (see below) in which the parenchyma is re
placed to a large extent by fatty connective tissue, can the sinus increase in size and the 
central part of the kidney then appear less dense. 

On clinical exacerbation of lesions in a pyelonephritic contracted kidney, even if ex
tremely small, the kidney will often increase in size. If the pyelonephritic process affects 
only one kidney pole, for example, this will shrink. The remainder of the kidney may in
crease in size through hyperplasia, often markedly. The kidney may therefore retain its 
ordinary size in spite of marked local shrinkage. Occasionally the hyperplasia may be 
localized to only one part of the kidney. This hyperplastic part may then give a tumor
like protrusion in the surface of the kidney. 

In double kidneys, pyelonephritis is very often localized to only one part of the kidney, 
usually the caudal part. If double kidneys are bilateral, changes may sometimes be seen 
in the caudal kidney pelvis on both sides, often with varying degrees between the two 
sides. 

a b 

Fig. 298. Pyelonephritis. a) Urography: multiple impressions in kidney pelvis because of high plasticity of pel
vic wall. b) Impressions diminish and disappear during ureteric compression. c) Renal angiography, arterial 

phase: impressions in kidney pelvis coincide largely with intrarenal arterial branches 

b ) Urography 

Urography is the most gentle examination method and, in addition to demonstration 
of morphologic changes, it yields information on renal function. In the differential diag
nosis between acute pyelonephritis, acute abdominal disease or renal and ureteric stone, 
we have found that in most of the patients in the acute stage examined at our depart
ment, excretion is ordinary (WULFF, 1936), i.e. time of onset of excretion, density of con
trast urine and drainage. Occasionally, however, excretion may be somewhat delayed, 
the contrast density may be somewhat low, and drainage slow because of slight stasis 
caused by inflammatory edema of the ureteric mucosa. In chronic cases the roentgen 
findings will vary with the extent of the process. Excretion may be ordinary, have de
creased, or be absent. As a rule, the density of the contrast urine is somewhat decreased. 
It should be observed that urography performed for assessing renal function is a crude 
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Fig. 2980 

a b 
Fig. 299 Fig. 300 

Fig. 299. Pyelonephritis with papillary necrosis, early stage: superficial changes in a few papillae 

Fig. 300. Pyelonephritis with papillary necrosis. a) Early stage: contrast medium penetrates into necrotic 
zones at base of all papillae; b) four years later: marked shrinkage of kidney; necrotic papillae are shed 
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method (see Chapter C III, 2 b). The renal morphology will also vary widely with the sever
ity and extent of the process. In the early stage and in an acute exacerbation of a chronic 
process, the filling of the stems of the calyces is often defective because of a swelling of 
the mucosa, and contraction of the renal pelvis and the pelvis wall is markedly mouldable. 
(Fig. 298). On occasion it may be difficult to obtain sharp films because of marked contrac
tions in rapid succession. These contractions can be demonstrated by cineradiography. 

It should be observed here that the motility of the kidney pelvis should not be studied 
with the aid of pyelography because it is influenced considerably by catheterization and 

Fig. 301. Pyelonephritis with papillary necrosis: changes in all papillae in cranial pole of kidney. Contrast medium 
surrounds shed papillae still in place 

injection of the contrast medium. Investigation of the motility under such conditions will 
give misleading results. 

In more advanced stages of the disease other changes appear which are due to affection 
of the parenchyma. Destruction of one or more papillae leads to dilatation of the calyces, 
when they become more or less spherical (see chapter on papillary necrosis). The calyces 
may extend far out into the renal parenchyma and even reach the surface of the kidney. 
All transitional forms are seen, ranging from normal to pathologic appearance. Care should 
be taken, of course, to secure correct projections of the calyces. The earliest change 
consists simply of a flattening of the papillae. In local or generalized hypoplasia, it is often 
not possible to decide whether anomalies or pyelonephritis, or perhaps both, are respon
sible for the changes seen (see Chapter D). With our present knowledge of the roentgen 
features of pyelonephritis, the scope of the term "hypoplasia" is in sore need of revision 
(Figs. 299-308). 
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a b 

Fig. 302. Papillary necrosis: a) necrotic papillae are partly in place, mainly dislodged out into kidney pelvis; 
b) half a year later: most papillae are shed 

a b 

Fig. 303. Shedding of necrotic papillae in papillary necrosis: a) papilla is stuck in the cranial part of ureter; 
b) several papillary fragments are stuck in distal part of ureter 

All stages of papillary necrosis are observed with the details described below (see 
Fig. 309, 310). Often only the final stages are seen with deformed calyces extending to the 
surface of the kidney. 

In very advanced stages with pyonephrosis the same roentgen findings can be made 
as in stone pyonephrosis, described in chapter E. 
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a 

b 

Fig. 304. Acute papillary necrosis: kidney pelvis full of shed papillae; b) a few months later: papillae are 
shed; remarkably slight changes in shape of calyces 

Of greatest interest is, of course, the early diagnosis, particularly since effective 
therapy is now available for this stage of the disease. Slight changes in the calyces and in 
the motility and plasticity of the renal pelvis in combination seem to be sufficient to permit 
a firm diagnosis. Pyelonephritis is often responsible for the changes, with distinct indenta
tions in the renal pelvis by vessels and by the edge of the parenchyma. as described in 
Chapter CIlI. This point requires further research, however. Findings of urinary infec-
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Fig. 305. Bilateral pyelonephritis with papillary necrosis, intermediate stage 

Fig. 306. Pyelonephritis on right side with papillary necrosis: marked shrinkage of kidney; multiple well delin
eated papillary and medullary cavities 

tion are often made in connection with widespread health-check examinations. Urography 
is often indicated in patients thus selected and will in many instances help in the detection 
of pyelonephritis with papillary necrosis. 

Because renal lesions are fairly common and often important, we have made it a rule 
in our department in connection with all examinations in which contrast medium is in
jected, for example in angiography of different types, to take a film of the kidneys at the 
end of the examination. This urogram will help reveal pathologic changes of different 
kinds, mostly unexpected (OLLE OLSSON, 1973). 
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Fig. 307. Double kidneys bilaterally: Marked pyelonephritic changes in caudal part of right kidney 

Fig. 308. Chronic pyelonephritis in caudal parts of double kidneys. Operation on left side showed marked pyelo
nephritic atrophy. Note compensatory hyperplasia of cranial part of both kidneys, with markednephrographic 

effect during urography 

c) Renal angiography 

The important changes in the pyelonephritic process are localized mainly in the renal 
parenchyma. Through renal angiography, means are provided for studying the parenchyma 
and the vasculature (Figs. 311-315). 
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a 

b c 

Fig. 309. Pyelonephritis with papillary necrosis: a) small necrotic cavities in most papillae; b) and c) angio
graphy, arteriographic and nephrographic phases: marked generalized changes with destruction of cortex and 

marked generalized scar formation 

Generalized or localized changes can be seen in the late stages of the disease. The local
ized changes may be single or multiple. The angiographic changes may be unilateral or 
bilateral and the extent of the changes may vary considerably in the two kidneys. 

Late generalized changes consist of decrease in the size of the kidney, the surface 
of which is slightly irregular. More marked local scar formation can be seen in a kidney 
with otherwise generalized changes. The cortex is thin, the arterial branches somewhat 
widened. The main renal artery has a decreased caliber. In local changes at one or several 
places, a complete disappearance of functional parenchyma has caused a deep scar forma-
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a 

:Fig. 310. Papillary necrosis with large cavities in all papillae in left kidney; b) angiography, nephrographic 
phase: changes are exclusively localized to papillae; no cortical changes 

tion from the surface into the sinus. The deep scars can divide the kidney into different 
parts, or can exclude a pole of the kidney. Parts of the kidney between the scars increase 
in size and have ordninary structure in the nephographic phase. 

The local changes may be very small; in completely normal urography, angiography 
may demonstrate a single peripheral pyelonephritic lesion. 
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a 

b c 

Fig. 311. Chronic pyelonephritis a) urography: marked changes in right kidney; very slight changes in left 
kidney; b) and c) angiography, arterial and nephrographic phases: left kidney: marked generalized changes 

with cortical shrinkage and scar formations throughout kidney 

At earlier stages the lesion in a local florid process may produce irregular areas with 
abundant delicate vessels and a diffuse increase in contrast, as a sign of an inflammatory 
focus. 

Changes may occasionally be found on one side, normal conditions on the other, at 
urography. Bilateral changes may be demonstrated at angiography. 
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a b c 

Fig. 312. Chronic pyelonephritis. a) Urography: no changes to be seen; b) and c) angiography, arterial and nephro
graphic phases: local scar formation cranially-laterally (arrow) 

Fig. 313. Chronic renal shrinkage in phenacitin abuse. Angiography, arterial and nephrographic phases: 
marked irregular shrinkage of kidney; hypertrophy of renal pelvic and ureteric arteries 

A local calyceal lesion can be demonstrated at urography. Generalized changes may 
be found at angiography, in addition to the local process. 

It is obvious from the above that angiography is an indispensable method for examin
ing patients with chronic pyelonephritis. Knowledge of the angiographic signs of pyelo
nephritis is also important in examining patients with localized renal disease, for example 
scar formation after renal rupture, arterial aneurysms, arterio-venous fistulae, etc., in 
which pyelonephritic changes are present in addition to the original disease. 
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d) Pyelonephritis and the lower urinary tract 

Pyelonephritis is often seen in connection with stasis, as discussed above. This may 
be caused by lesions of the bladder and the urethra. Chronic pyelonephritis seen in connec
tion with vesico-ureteric reflux should be mentioned specifically here. 

HODSON and EDWARDS (1960) have found that vesico-ureteric reflux is very common 
in cases of chronic pyelonephritis. The changes associated with reflux are radiologic evi
dence of chronic pyelonephritis based on the demonstration oflocalized diminution in thick-

a 

b c 

Fig. 314. Double kidney on right side. Pyelonephritis in caudal kidney pelvis. a) Zonography: dilatation of 
caudal kidney pelvis; slight papillary changes; b) and c) angiography, arterial and nephrographic phases: 
marked irregular shrinkage of caudal part of kidney corresponding to caudal kidney pelvis; marked hyperplasia 

of cranial part of kidney 
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ness of the renal substance, accompanied by shrinkage ofthe pyramids. Very small kidneys 
with generalized widening of the calyces can be seen, together with non-obstructive di
latation of the upper urinary tract. If the reflux is unilateral, the changes in the kidney 
may also be unilateral. Reflux in double kidneys is more common in the caudal kidney 
pelvis and ureter because of the shorter submucous course of the distal part of that 
ureter. 

a 

c 

Fig. 315. Double kidney bilaterally. a) Marked pyelonephritic changes in caudal kidney pelvis on right side; 
b) angiography, nephrographic phase: right kidney: irregular shrinkage of caudal pole; moderate hyperplasia 
of other parts of kidney; c) left kidney, arteriographic phase: marked changes in kidney parenchyma corre-

sponding to caudal kidney pelvis with cortical shrinkage and large scar formation 

In examining the patient for vesico-ureteric reflux in connection with cystography, 
films should be taken of the ureters and the kidney, with the patient in supine position, 
head lowered; otherwise observations must be made during fluoroscopy. Thephenomenon 
of reflux may be temporary and disappear rapidly. The kidney pelvis may have ordinary 
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size at urography. A very marked distensibility may be noted, however, at filling of the 
renal pelvis during reflux. Decrease in concentration and excretion capacity from a pyelo
nephritic kidney can be masked by reflux from the bladder of urine excreted from the 
other kidney, if only one kidney is engaged. Thus, reflux should be suspected in every 
case of pyelonephritis when the renal pelvis is filled better in later films in the urographic 
study (AMAR, 1971). 

8. Papillary necrosis 

Papillary necrosis was long regarded as rare and the diagnosis as remarkable. Separa
tion of one or more of the renal papillae is not uncommon, however, as has been shown in 
recent years. An exhaustive survey of the literature on this disease is given in a mono
graph "Renal papillary necrosis" by LINDVALL (1960). The disease has been described 
under the name of papillary necrosis, papillitis necroticans renalis, renal papillary necrosis, 
necrotizing renal papillitis, renal medullary necrosis, etc. 

The changes are characterized patho-anatomically by necrotic destruction usually 
of several papillae, which are partly or entirely separated. All forms from partial to total 
demarcation are seen which affect an entire papilla, only its tip, or both the papilla and 
the pyramid. The disease may be unilateral but is usually bilateral, affecting several pa
pillae, although the changes may involve only one papilla. In LINDVALL'S series of 155 pa
tients, 132 cases were bilateral, 23 unilateral. All the papillae were affected in more than 
one-half of the patients, and single papillae in only one-sixth. In the bilateral cases, the 
changes were usually similar in distribution on both sides. The necrosis may heal by epi
thelialization, giving the cavity a smooth surface. The necrosis may affect the papilla, or 
only a part of it. It may also be deeper and invade the whole pyramid out to the surface 
of the kidney, and healing scar formation, with local or generalized shrinkage, may result. 

Separated parts of a papilla or entire papillae may be excreted with the urine, often 
in association with renal colic. These may also persist in the renal pelvis and have a 
tendency to collect calcium and form concrements. 

The disease is more common in females than in males and shows the highest incidence 
in age groups above 40 years. It is most common in diabetics (GUNTHER, 1937). EDMOND
SON et al. (1947), at autopsy of 859 diabetics found 107 (12.4 %) with urinary tract infec
tion and 222 (27.1 %) with papillary necrosis. Of 31,141 non-diabetic patients 1,023 had 
urinary tract infection and of these 21 had papillary necrosis. Several other autopsy 
and clinical series have shown that the disease is more common among diabetics and pa
tients with pyelonephritis. Diabetes is by no means a prerequisite for papillary necrosis, 
however. In LINDVALL'S series of 155 cases 19 patients were diabetics. Use of phenacitin 
was recorded in 89 cases. Specific attention should be given to patients showing abuse of 
phenacitin. Interstitial nephritis related to large doses of phenacitin was reported by 
ZOLLINGER in 1955. In these cases papillary necrosis is very frequent. Urinary obstruction 
also favors papillary necrosis. 

The disease has an insidious course. This fact together with progress in therapy in 
pyelonephritis has made papillary necrosis a more benign disease than in the past. The 
disease is usually seen in connection with pyelonephritis, which represents part of the patho
anatomic changes in the disease (see below). 

a) Plain radiography 
Enlargement of the kidney is often seen at plain radiography. Stone - calcified papillae 

or fragments - may occasionally be seen in the renal pelvis, ureter, or bladder. The con
crements are often multiple. They increase in density from one examination to the other, 
at intervals of weeks, and often have the shape of papillae. Occasionally a defined papilla
shaped part of a stone may be seen as the nucleus of an irregular concrement. Micro
radiography of a stone removed from such a kidney has also shown such a papilla to be 
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the core of the concrement (ENGFELDT and LAGERGREN, 1958). Parenchymal calcifications 
are occasionally observed which correspond to one or more necrotic papillae that have 
not been separated. These calcifications are rounded or oval and are less radiopaque; 
they resemble a shell because of the collection of calcium on the outer surface of necrotic 
papillae (LUSTED et al., 1957). Gas may occasionally be seen in the renal pelvis at plain radio
graphy, produced by Bact. coli in the urine in diabetics. This gas may fill the entire cav
ity formed upon the separation of the papillae. Papillary necrosis can then be diagnosed 
from such a spontaneous gas pyelogram (OLLE OLSSON, 1939). 

b ) Urography and pyelography 

The characteristic pyelographic appearance of papillary necrosis was first described 
by GUNTHER (1937) and ALKEN (1938) and the first case diagnosed by urography was 
described by OLLE OLSSON (1939). Some authors claim that pyelography is the only roent
genologic method that can be used. In reality, the choice of examination method depends 
on the functional capacity of the kidneys. If function is good, urography is preferable. 
A case described by ESKELUND (1945) in which he claims pyelography to be responsible 
for papillary necrosis with a fatal issue, can hardly be used as an argument against pyelo
graphy, however. Instrumentation in cases of diabetes must be carried out under strictly 
aseptic conditions in order to prevent the introduction of new bacteria (WALL, 1956). 

Papillary necrosis will be manifested in the contrast-filled renal pelvis by an accu
mulation of contrast medium at the site of a papilla. The changes may resemble those 
in papillary destruction in other diseases, e. g. tuberculous papillary ulceration. The ap
pearance varies widely with the extent and stage of the process. Papillary necrosis cannot be 
diagnosed until the papilla has changed in such a way as to permit the entrance of contrast 
medium into a demarcation zone. If the entire papilla is separated, or if only a fragment 
has been shed from the side or middle of a papilla, the defect thus produced will be filled 
with contrast medium. If the process is florid, the persistent papillary surface may be ir
regular and, in fact, the earliest finding is an irregularity of a papillary tip. In long-stand
ing processes the surface is smooth and the affected calyx assumes a more or less spheri
cal shape. If the papilla or pyramid is not separated entirely, a varying amount of the 
contrast medium can enter the demarcation zone (Fig. 300, 301), which may then resemble 
certain forms of sinus reflux. If the entire pyramid is outlined but not separated, a large 
irregular ring of contrast medium will be seen round a calyx or a group of calyces, where 
the separated papilla or pyramid is responsible for the contrast defect in the center of 
the ring. This type of change is very characteristic of papillary necrosis (Fig. 302). 

One or more filling defects are often seen in the renal pelvis, usually in a calyx, due 
to separation of one or more papillae. The defects may be distinctly papilla-shaped, they 
calcify easily, and generally show more or less marked increase in density. Completely 
uncalcified papillae or fragments of papillae may also be seen, single or multiple, sometimes 
together with calcified papillae, sometimes not. All papillae may necrotize and separate 
at the same time and a large number of papilla-shaped filling defects are seen in the 
contrast-filled kidney pelvis and the ureter. Calcified or non-calcified papillae occasion
ally pass over into the ureter and cause blockage, with resulting acute renal colic (Fig. 
303). Shed papillae may often pass without symptoms, however. It is surprising how dis
creet final changes in the shape of the calyces may be in certain instances in spite of the 
destruction of all papillae (Fig. 304). 

Papillary necrosis embraces several problems. The number of cases observed has in
creased with increasing knowledge of its roentgenologic appearance. It was formerly be
lieved that papillary necrosis was a dramatic acute disease with a fatal issue. Not all cases 
of papillary necrosis run a dramatic course, however, and not all cases are fatal. THELEN 
(1947) made a distinction between local and diffuse types, both types with an acute, a 
subacute, and a chronic course. 



Renal angiography 371 

Changes will more frequently be found due to destruction of papillae, the more the 
examiner is interested in pyelonephritis and the more he performs urography with ureteric 
compression in order to obtain detailed information of the morphology of the renal pelvis, 
particularly of the calyces. It is surprising, also in connection with diagnosis of renal stone, 
how often changes are seen at urography which are due to papillary necrosis in single or 
multiple papillae. The possibility of papillary necrosis must also be considered in all chronic 
cases with papillary changes of an obscure nature. 

It is important to bear the diagnostic criteria in mind, since papillary necrosis may 
represent a very severe acute situation and since energetic therapy can control necrotiz
ing pyelonephritis. It can arrest necrosis and prevent the formation of concrements. 

Papillary necrosis has been regarded as related to and as being an accompaniment of 
pyelonephritis in diabetics as well as in non-diabetics. Renal function studies by EDVALL 

(1958) in cases of chronic pyelonephritis on the one hand and of papillary necrosis on the 
other hand, suggest that it is a question of two independent diseases. This view is supported 
by the finding of papillary necrosis without infection (HULTENGREN, 1958), which gives 
reason to doubt the existence of a relationship between papillary necrosis and pyelonephri
tis. It is of interest to note that in 31 patients with papillary necrosis, HULTENGREN found 
as many as 29 to have a history of severe headache or migraine. A combination of papillary 
necrosis and pyelonephritis is very common, on the other hand. In LINDVALL'S series 
all patients examined histologically had signs of chronic pyelonephritis, some with ele
ments of acute pyelonephritis. The histologic type of changes was the same whether the 
patient had diabetes, urinary obstruction, or phenacitin abuse, and did not differ 
from that in patients belonging to other pathogenetic groups. LINDVALL concludes: "There 
is much to suggest that the papillary necrosis is caused by pyelonephritis, instead of the 
reverse. It is then to be regarded as a symptom and not as a disease entity. The common 
association of renal papillary necrosis with diabetes mellitus, chronic urinary obstruction, 
and a history of phenacitin abuse is consequently attributable to the fact that those fac
tors predispose to nephritis or aggravate that condition when already present. The predo
minance of women in the series may be accounted for by their greater susceptibility to 
infection in the urinary tract and to their more frequent abuse of phenacitin." 

Knowledge of roentgenologic changes after recovery from papillary necrosis is impor
tant. As mentioned above, in some cases rounded defects or rounded cavities are seen at 
the site of an entire papilla or part of it. Some of the changes known as hypo
plasia coincide in appearance with those seen after generalized papillary necrosis. As men
tioned earlier, papillary necrosis can also produce some of the changes characteristic of 
pyelonephritis. Certain so-called calyceal diverticula also fall within this group. In addition, 
changes due to shrinkage and scar formation are common. Such changes may be the same 
as in pyelonephritis without papillary necrosis. Very often, however, one or more pyra
mids have completely disappeared, and the corresponding part of the kidney pelvis has 
widened, with cavities reaching the surface of the kidney, which is usually contracted in 
that region. 

As pyelonephritis is a chronic disease, a combination of changes of different duration 
is common, from long-standing to fresh changes. Alterations in appearance are common, 
through shedding of papillae, calcification of shed papillae, disappearance of calcifications, 
and development of non-calcified papillae into staghorn calculi of calcified papillae. Shrink
age of the parenchyma or part of it, may occur very rapidly. The course of the disease, 
and thus also the roentgenologic changes, is influenced to a great extent by rationality 
in therapeutic measures. 

c) Renal angiography 

The changes in the papillae have so far not been diagnosed by renal angiography. 
This is easily understood since papillary necrosis is thought to occur because the arterial 
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supply to the papillae is normally poor. The marked changes often seen in other parts of 
the kidney are the same as those seen in pyelonephritis and are described under that 
heading. 

9. Fibrolipomatosis of the kidney 

In decrease in the volume of parenchyma, fibrosis or fatty replacement of the destroyed 
tissue is sometimes seen in association with diseases causing destruction of the renal 
parenchyma. This condition is called replacement lipomatosis, renal lipomatosis, fibro
lipomatosis, fibrosis, fatty replacement of destroyed renal cortex, fatty replacement of 
kidney, etc. (KUTZMANN, 1931; PEACOCK and BALLE, 1936; ROTH and DAVIDSON, 1938; 
PRIESTLY, 1938; FRUMKIN, 1947; SIMRIL and ROSE, 1950; HAMRE, 1957). The condition 
is generally due to pyelonephritis. The accumulation of fat is always intra-capsular and 
should be distinguished from the rare lipoma in or adjacent to a kidney. In fibrolipomatosis, 
the fat is not in capsulated and histologically does not contain smooth muscle, vascular 
elements, and cartilage, as do lipomas and hamartomas. The fatty connective tissue is 
most abundant in the renal sinus around the renal pelvis, which may be dilated. 

The packing material for the renal pelvis, the arteries, veins, and lymphatics in the sinus 
of the kidney consist of fat, which makes the sinus easily accessible for roentgen examina
tion. Thus the anatomy is well demonstrated in the nephrographic phase at urography, 
especially if stasis is present. Fat can also be seen in plain films, particularly when supple
mented by zonography or tomography. The sinus is well demonstrable in this way, especi
ally in obese patients. 

Replacement lipomatosis may be extensive and become a source of error to be borne 
in mind in the evaluation of the amount of renal parenchyma, judged by the size of the 
kidney. A kidney may thus appear to be only slightly decreased or even increased in size 
but nevertheless have only a small amount of parenchyma remaining, the intracapsular 
content consisting of fibrous or fatty tissue. 

The kidney may be slightly enlarged or of normal size, or a small kidney may have 
a more or less widened sinus. The changes may be bilateral. Characteristic narrowing and 
lengthening of the branches ofthekidney pelvis may be demonstrated at urography. The dis
tance between the branches may also have increased, the calyces may show lateral dis
placement and are often slightly and characteristically indented from the sinus side. This 
slight displacement and deformation of the calyceal system is most marked in the early 
phases of urography when there is only slight calyceal filling (OLLE OLSSON and WEILAND 
1963). The fatty tissue in the sinus of the kidney may be markedly compressible. Thus the 
characteristic shape of the kidney pelvis due to fibrolipomatosis may be seen only when the 
intrapelvic pressure is low. During urinary compression or marked excretion, for example 
in connection with angiography, the width of the renal pelvis may increase and the pelvis 
with branches may then attain ordinary configuration. At angiography very characteristic 
changes can be found (OLLE OLSSON and WEILAND, 1963) (Fig. 316, 317). The intra-arterial 
branches of the renal artery are narrower than normal and the distance between them is 
increased in cases of fibrolipomatosis. The vessels are sometimes arched and stretched 
and an increased distance between the ventral and dorsal arteries is often evident. This 
combination of atrophy and displacement is also characteristic of hydronephrosis with 
atrophy of the parenchyma. The basic mechanism for the appearance is the same in the 
two conditions. In fibrolipomatosis it is fat and in hydronephrosis the distended kidney 
pelvis containing fluid that fills out the widened sinus. 

It is generally stated that fibrolipomatosis is rare, that it is always unilateral, and that 
a pre-operative diagnosis has never been made. In our experience (OLLE OLSSON and 
WEILAND, 1963) fibrolipomatosis is not uncommon and is often bilateral and, if cases of 
pyelonephritis are examined closely and tomography is employed to evaluate the sinus, 
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these points will be confirmed. In suspicion of tumor, renal angiography is conclusive 
as to the positive diagnosis of fibrolipomatosis and exclusion of tumor. 

VOEGELI (1971), in reviewing our material on fibrolipomatosis, found it to be most 
common in middle and old age, and especially in prostatic cases. It is also seen in chronic 
pyelonephritis, especially in cases with concomitant nephro- or ureterolithiasis. Other causes 
are less important. 

a b 

Fig. 317. Replacement fibrolipomatosis. a) urography: wide sinus, necks of calices stretched. b) angiography: 
stretching of intrarenal arterial branches 

10. Radiation nephritis 

In connection with radiotherapy of malignant lesions outside the urinary tract, 
the kidneys and the urinary pathways may be partly included in the radiation beam. Thus 
in treatment of abdominal lymph glands in, for example, lymphogranulomatosis, or in 
lymph gland metastases from , for example, malignant testes tumors, one or both ureters, 
one or both kidneys or parts of them may be irradiated. 

In 1950 ZUELZER et al. reported on three young patients in whom after radiation treat
ment for retroperitoneal tumors, the kidneys, normal in structure and function, one to 
two months after completion of treatment showed changes resembling glomerulonephritis 
but with necrosis and degeneration of the endothelium. In this type of change at a later 
stage, tubular degeneration, interstitial scarring, and glomerular hyalinization are seen 
(DAVEY et al., 1952). Marked shrinkage will eventually occur. This shrinkage may affect 
a kidney or part thereof, for example, then usually the caudal pole, as the field of radiation 
is supposed to keep the kidneys outside the beam. In such cases a marked atrophy is seen 
in the kidney pole, whereas the rest of the kidney is hyperplastic (Fig. 318, 319). The kid
ney changes may cause hypertensive disease and may make nephrectomy necessary 
(LEVITT and ORAM, 1956). 

In 1970 SCANLON, using micro angiography to study both the early and late irradiation 
changes in the kidney of the rabbit, found intense spiraling of arterioles with obliteration 



Fig. 318. Radiation nephritis. Radiation treatment for papillary adenocarcinoma in right testis with metastases 
to lymph glands to the right in the abdomen. Caudal half of right kidney included in the beam. Semi-selective 
abdominal angiography 20 years after treatment (patient now has hypertensive disease): Marked shrinkage 

of caudal half of right kidney and hyperplasia of cranial part 

Fig. 319. Residuum after radiotherapy for cancer of the collum of the uterus: Irregular stenosis in distal part 
ofleft ureter with dilatation proximally 
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of most of the glomeruli. The contrast material passed through the kidney without passing 
through glomeruli. LJUNGQVIST et al. (1971) induced radiation nephritis in rats, which re
sulted in the development of hypertension but only after removal of the non-irradiated 
kidney. 

In local treatment of, for example, carcinoma of the collum of the uterus, parts of 
the ureter or of one ureter may be within the field of radiation. This can cause marked 
localized edema, later followed by shrinkage causing a short, occasionally marked, stenosis 
of the ureteric lumen, which will affect passage of urine and thus cause hydronephrosis 
and secondary shrinkage of the corresponding kidney. Fig. 319 illustrates a patient of 
this type, where the shrinkage made necessary anastomosis between the unaffected proxi
mal part of the ureter and the small bowel. 

11. Renal hyperplasia 

The one kidney will increase in size, as a rule, if the other kidney is missing, as in 
aplasia, or if the function is poor, as in severe hypoplasia, or if one kidney has been re
moved or has ceased to function because of such conditions as stasis, infection, degeneration, 
for example. This increase in size is called compensatory hypertrophy or renal hyperplasia. 
There is a general agreement that this increase is due to growth of different parts of the 
nephron, although the number of nephrons does not increase, or at most only slightly. 

A marked increase in the size of the kidney will be found in plain roentgenography 
of the urinary tract, particularly on comparison with films taken before development of 
the disease causing hypertrophy of the kidney. The increase in size is generalized as a rule, 
and the kidney becomes plump. The remainder of the kidney may also show compensatory 
hypertrophy if any part of the kidney is the seat of a pathologic process, while the patho
logically changed part will retain its original size. This explains the varying appearance 
of the kidney in some cases of local hypoplasia of one kidney, in which the other kidney 
shows marked generalized hypoplasia. Preserved parts of the locally hypoplastic kidney 
may become hypertrophic to such an extent as to suggest the presence of a space
occupying lesion. 

The healthy or residual kidney does not always increase in size. In a series of nephrec
tomized patients examined before and after nephrectomy, SCHROEDER (1944) found an 
increase in the size of the remaining kidney in two thirds of the cases. The increase was 
less marked in the higher age groups. Hypertrophy can occur in patients somewhat over 
50 years of age, as shown by HANLEY (1940). 

The increase in area in SCHROEDER'S material was, on the average, 30 %, was somewhat 
larger in females than in males, and larger in young patients than in elderly. WIDEN 
(1958), in an experimental investigation in dogs, found that on total obstruction of a ureter 
for 30 days at most, the other kidney increased in size by 20 %. After a ligation period 
of more than 30 days, the kidney showed a statistically probable further increase of 15 %. 

The kidney size usually increases rapidly and then remains at a certain level, although a 
continuous increase over a period of 2-3 years has also been noted (BRAASCH and MER
RICKS, 1938). These authors pointed out that the large single kidney (with agenesia on 
the other side) is situated somewhat more caudally than the usual position of a normal kid
ney. 

It is shown at urography that in the so-called compensatory enlargement of the kid
ney, the width of the renal pelvis is also slightly increased. This is most readily demon
strated in cases in which urograms are available from the pre-nephrectomy period. 

It is also shown at renal angiography in these cases that the renal artery is wider than 
is normal. IDBOHRN (1956) found that, on unilateral ligation of the ureter in rabbits, the 
caliber of the renal artery on the other side rapidly increased to a moderate extent. 
WIDEN (1958) made the same observations in dogs. 
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a 

b 

Fig. 320. Mycosis in both kidney pelves, Candida albicans, in patient treated with antibiotics because of urosep
sis: a) Right kidney pelvis filled with mycotic masses. In left kidney pelvis, small balls of mycotic material. 
b) After pyelotomy with emptying of masses on right side: ordinary conditions. On left side, two months later: 

still mycotic material in kidney pelvis 

12. Mycosis 

A specific type of infection which can occur in the kidney pelvis is mycosis. It was 
recently discovered that large amounts of fungi could be found forming lumps in the sto
mach. We have seen one such case of infection bilaterally in the kidney pelvis. On one 
side the kidney pelvis was completely filled with fungi; on the other side, a large polyp
like mass was found (Fig. 320). 

Fungus balls may also be seen in the urinary bladder (MACDoNALD and FAGAN, 
1972). 
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Renal candidiasis is common in systemic candidiasis and may result from prolonged 
use of in-dwelling catheters, chemotherapy, and immuno-suppressive agents (CLARK et al., 
1971). 

II. Problems in connection with hemodialysis 

The specific roentgenologic problems met with at examination of patients under hemo
dia,lysis are treated in different sections of this book. For the sake of an over-all study 
they will be summarized here: 

Kidneys. Diseases causing renal insufficiency and necessitating hemodialysis represent 
a broad scale of usually generalized renal pathology, for example chronic glomerulone
phritis, pyelonephritis, polycystic disease. A combination of diseases is common and a 
combination of chronic renal disease with a residuum after acute trauma may also be 
encountered. 

The roentgenology of these diseases is described under their respective headings. 
Chest. Pulmonary edema, acute and chronic, represents an important problem. The 

changes in connection with acute pulmonary edema of different degrees are described 
under the heading "Generalized renal disease." Other types of lung lesions may also be 
important, for example acute and chronic pneumonia, pulmonary hemosiderosis, etc. 

Bone and soft tissues. In chronic hemodialysis decalcification of bone is a common 
occurrence with fractures of, for example, vertebrae and ribs as common complications. 
Changes of the type renal osteodystrophy may also be seen. Depositions of calcium phos
phate are often seen in the soft tissues periarticularly. These calcifications may be confined 
to one or a few joints but may also be very widespread, engaging most joints. 

The arteriovenous shunt. The different types of arteriovenous shunts used in hemodia
lysis may cause problems, usually because ofthrombosis. These complications are described 
in the chapter on vascular disease. 

Renal transplantation. Most patients under hemodialysis represent candidates for renal 
transplantation. Therefore renal angiography may be necessary to define the vascular 
anatomy. Conditions and complications after transplantation are described in the chapter 
on renal transplantation. 

M. Perinephritis, renal abscess and carbuncle 

A local inflammatory process in the perirenal tissue is known as perinephritis. Other 
names used for this condition are perinephritic abscess, paranephritis, epinephritis, etc. 
According to ISRAEL (1901) the two last-mentioned names should be reserved for inflam
mation of the fatty capsule and the fibrous capsule of the kidney, respectively. The in
flammatory process usually involves all the soft tissues around the kidney, however, 
and the name perinephritis, which simply indicates the presence of inflammation around 
that organ, is therefore satisfactory. 

The inflammation may be due to an intrarenal lesion. In renal carbuncle, one or 
more renal abscesses can perforate the capsule out into the space enclosed by the renal 
fascia (see Chapter CII, 2., Retroperitoneal pneumography). An inflammatory process 
may also involve the perirenal tissue via the lymphatics. The hilum is particularly rich in 
lymphatics, as is obvious from pyelolymphatic reflux (see chapter on backflow) and the 
possibility of spreading through the hilum to the perirenal space is obvious from conditions 
in connection with backflow. 

Perinephritis, however, may also be secondary to inflammatory lesions in tissues ad
jacent to the kidney, such as osteitis of the ribs or spine, pancreatitis, perforated duodenal 
ulcer, diverticulitis of the colon, etc. It may be a metastatic process due to spread of mate
rial from a septic process such as furunculosis, directly to the bed of the kidney. 
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Perinephritis can break through the renal fascia or can propagate through the open 
caudal part of the latter. It does not usually spread from one side to the other, however. 
The spine and large vessels form a barrier against such spread but the main reason that 
the condition does not spread in this direction is that the renal fascia is closed medially. 
This has been shown in autopsy studies by MITCHELL (1939) who injected contrast medium 
post mortem and observed that the passage of the opaque medium from the bed of the 
kidney on one side to that on the other, occurred only via the pelvis. This is known also 
from wide experience with retroperitoneal pneumography. 

Perinephritis may extend around the entire kidney but, as a rule, it is most marked 
dorsally to the kidney and caudally towards the opening of the renal fascia. This is due 
to the basic local anatomy, e. g. the fatty capsule is thickest dorsally and the infection 
spreads along the path offering the least resistance. It is also in part due to the fact that 
the patient has usually been lying on his back for a long period. The outline of the lesion 
may be indistinct but it may also be sharp, like that of a well defined, small or large ab
scess. Upon examination, the disease may be in the acute or chronic stage, or may be healing 
with fibrosis. 

The roentgen findings vary considerably with the patho-anatomic type and stage of 
the disease. The course of the disease may be followed by repeated examinations at various 
intervals. 

I. Role of roentgen examination 

It is not uncommon for perinephritis to remain concealed until post mortem examination 
(CAMPBELL, 1930; HIGGINS, 1932 and others). Roentgen examination is therefore indicated 
in all cases of obscure fever, and on examination of patients for a dubious abdominal or 
ur;nary tract disease, the possibility of perinephritis should be oonsidered. It is often noted 
in the literature that roentgen examination is of but little value in the diagnosis of peri
nephritis. As a mater of fact, however, the roentgen findings are abundant. Perinephritis 
is not infrequently diagnosed as an accidental finding. In our series from 1943 (WELIN), 
roentgen diagnosis was made in 9 patients in whom the disease had been clinically sus
pected and in 8 in whom the disease had not been suspected and who had been examined 
radiologically for urinary tract disease. 

RIGLER and MANSON (1931) claimed that the roentgen findings are uncertain within 
10 days after onset of symptoms and that the absence of roentgen findings after a period 
of 14 days should throw grave doubt upon the diagnosis of perinephritic abscess. In view 
of the varying clinical symptomatology of perinephritis, inclusion of such a time factor 
in the roentgen examination is fruitless. If the examination is properly performed, the 
roentgen findings are so valuable that, practically speaking, negative findings exclude the 
possibility of perinephritis despite the length of the history, provided that the examination 
is performed under favorable conditions: If the history is short and strongly suggestive 
of perinephritis, and roentgenography negative, the examination should, of course, be 
repeated after a time. 

II. Roentgen findings 
(Figs. 321-325) 

In the discussion of the roentgen findings it should be pointed out that some of them, 
by themselves or in combination, may be fairly characteristic but that the findings are, 
as a rule, non-specific since each may be due to some other disease. Yet in combination and 
together with the clinical findings they usually permit a diagnosis. Therefore roentgen exa
mination is a valuable adjunct in the diagnosis. 

The roentgen findings were first exhaustively described by LAURELL in 1921; since 
then only details have been added. 
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1. Plain radiography 

Sometimes one of the kidneys is enlarged. Edema, however, is often present in the 
renal capsule or around the kidney, which prevents the kidney or part of it from being 
outlined. Owing to the extent of the pathologic process, which may vary widely, and 
owing to the degree of edema, which may likewise vary considerably, the anatomy of the 
retroperitoneal space may be deranged in such a way as to mask the lateral outline of the 
psoas muscle or part of it. If the process extends far laterally, the anatomy of the soft 
tissues of the flank may also be changed. 

Fig. 321. Perirenal abscess. Pyelolithotomy. Infection and fistulation postoperatively. Antegrade pyelography 
via fistula. Filling of irregular fistula and large irregular abscess cavity adjacent to kidney 

The abscess may vary in size, with consequent variation in the roentgen findings. The 
findings also vary with the severity of the inflammatory edema. If the process is very 
acute, the edema marked, and the outline diffuse, the roentgen findings will be dominated 
by a blurring of the normal roentgen anatomy of the soft tissues. If the process is long
standing and well defined, the findings may be the same as those produced by a local 
space-occupying lesion. 

The kidney may be displaced, often laterally and caudally, and its mobility may be 
diminished, as may be seen by the limitation of its movements in the respiratory cycle. 
The kidney may also be displaced ventrally. Because of the examination conditions (in
creased object-film distance on examination in supine position) the kidney may then 
appear larger than it really is. 
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The outline of various organs and muscle layers, which is often very distinct because 
of the difference between the density of fat and other soft tissues, is blurred by edema 
because the increased amount of fluid decreases the difference in density of the various 
tissues. This implies a more or less general increase in the density of the retroperitoneal 
space, which may be striking. 

Meteorism is often generalized, but it may be more or less limited to the local inflam
matory process. 

Muscle contracture often causes skoliosis, with the concavity facing the side involved 
by the perinephritis. Gas in the colon and stomach often makes it possible to observe 
displacement of, or impressions in, these organs. 

a b 

Fig. 322. Perirenal abscess through fistula in infected stone kidney. a) Large stone in left kidney which is en
larged and not well outlined. During urography: no excretion b) Pyelography: contrast medium escapes from 

cranial part of kidney pelvis via an irregular fistula into the retroperitoneal space 

The findings are not pathognomonic; they may be caused by all types of inflammatory 
processes in the retroperitoneal space. Acute pancreatitis may thus cause roentgen changes 
of the same nature as unilateral perinephritis. 

All of the findings mentioned must be judged with caution and with due allowance for 
the influence of the examination technique on the results. Thus in emaciated patients the 
soft tissue markings may be absent because of lack of retroperitoneal fat, and thus not 
because of edema. Skoliosis may be due to the unsatisfactory positioning of the patient 
on the examination table, or it may be due to spinal deformity. Skoliosis as such can also 
prevent the lateral border of the psoas muscle from appearing in the usual way (this has 
been described in detail by SKARBY 1946). In the presence of skoliosis the kidney may be 
tilted less than otherwise and therefore appear wider. A kidney may also - as mentioned
appear larger than it is in reality if it is lifted ventrally by a dorsal abscess. Intestinal 
contents may also make it difficult to judge the state of the retroperitoneal space. Since 
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the patient may have been bed-ridden for a long time, considerable fecal matter and 
meteorism are common. 

To the findings described above, direct changes may be added. Sometimes gas is seen 
in the abscess; sometimes it is abundant as in a case of a diabetic described by BRAMAN 

and CROSS (1956). Otherwise the amount of gas is usually small, and if the pus is thick, 
the gas will be seen as small bubbles. On examination with the horizontal beam with the 
patient standing or lying, fluid levels will form against the gas. 

An old process may calcify and then be surrounded by an irregular calcium shell, or 
irregular calcium deposits may be seen in the abscess. This is very common in tuberculous 
perinephritis. Sometimes a stone may be seen in the abscess e. g. a renal or ureteric stone 
that has perforated and caused the abscess in which it is embedded. If the abscess is due 
to a projectile, the latter or part of it may be seen in the abscess. 

Fig. 323. Perirenal abscess in connection with bowel resection in regional enterocolitis. Lesion in right ureter. 
Antegrade pyelography: through lesion in ureter contrast medium escapes into irregular cavity surrounding 

part of right kidney 

2. Examination with contrast medium 

Since the abscess presses against the kidney, at pyelography or at urography defor
mation of the renal pelvis and displacement of the ureter will often be shown. If the abscess 
is small and well defined, the deformation of the renal pelvis may resemble that seen in 
the presence of an intrarenal space-occupying lesion near the surface of the kidney. The 
abscess and the edema more often cause a more generalized compression, however. The 
pyelographic findings vary with the direction of the pressure and the position ofthe patient 
and the extent to which the renal pelvis is filled. Therefore, during the examination the 
technical conditions, e. g. the density of the contrast medium, the degree of filling, and the 
position of the patient, should be varied in order to decide which factors are constant. 
Since the space-occupying lesion is often situated behind the kidney, lateral projections 
are usually informative. 
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With due consideration to the pathologic anatomy, it is, as a rule, not difficult to 
decide whether the lesion is extrarenal or intrarenal (DEUTIOKE, 1940; OVERGAARD, 1942). 
PREHN (1946) reported a case in which rotation of 90 0 of the upper calyx in a kidney 
was described by the author as a new sign of perinephritis. In reality the accompanying 
reproduction of a pyelogram shows a lateral and caudal displacement of the renal pelvis 
and a large bow-shaped impression in the medial part, as well as an impression laterally 
in the gas-filled stomach, thus a large expanding process which, judging from the pyelo
gram, was well defined and located mediodorsally. Undoubtedly perirenal abscess has often 

Fig. 324. Abscess around distal part of ureter with fairly large stone. The abscess displaces bladder, impresses 
its right part and causes inflammatory edema in bladder mucosa 

been mis-diagnosed as an expanding process in the kidney. On the other hand, it must be 
remembered that renal carbuncle and perinephritis in combination are so common that in 
the presence of a local expanding process and a perirenal component the possibility of 
renal carbuncle must always be considered. 

If the lesion has perforated into the renal pelvis, contrast medium can flow into the 
abscess at retrograde pyelography (Figs. 321, 322) (ALKEN, 1937; WELIN, 1943). If the 
abscess is due, for example, to a perforated diverticulum of the colon, on examination 
of the colon with contrast medium the fistula may be filled with the contrast medium, 
which may enter the abscess cavity (Figs. 321~325). 

On perforation of the surface of the skin, fistulography may be performed. Water
soluble contrast medium is injected into the fistula, possibly via a catheter. With suitable 
injection pressure and suitable positioning of the patient, contrast medium may fill the 
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entire cavity. The abscess may also be filled by percutaneous puncture of the abscess 
and injection of gas (LAURELL, 1931) or by positive contrast (FECI, 1927). 

The roentgen-diagnostic signs described above also hold true for abscess formation 
around the ureter in perforation by stone, for example. An abscess around the distal end 
of the ureter may impress or encroach upon the bladder (Fig. 324). The bladder mucosa 
then shows edema of the type not seldom seen in diverticulitis of the colon, with abscess 
formation involving the bladder wall. 

3. Indirect roentgen findings 

In addition to the signs described above, the examination may show a number of 
indirect signs. The diaphragm on the diseased side is often higher due to the space-occupy-

a 

Fig. 325. Non-fnnctioning stone kidney on the left with fistula to skin. Urography: a) Kidney pelvis on left 
side filled with staghorn calculus. Two calculi laterally, one outside kidney. No excretion. b) Fistulography: 

Filling of irregular fistula system with connection to descending colon 

ing nature of the process or to interference with the motility of the diaphragm, the abscess 
often being situated directly on the dorsal part of the diaphragmatic musculature, which 
extends far caudally. The diaphragmatic excursions are often limited on the diseased side. 
Therefore lamellar atelectases are seen in the basal part of the lung on the side involved. 
The pleural cavity on that side often contains fluid. NESBIT and DICK (1940) stated that 
of 85 patients with perinephritic abscesses, 14 (16,5 %) were found to have supraphrenic 
complications. The frequency varies with the examination technique, of course. If the 
patient can be examined only at the bed-side, the frequency of pathologic findings will 
be lower than otherwise. At examination in the lateral decubitus position with the beam 
horizontal - this is the only way to demonstrate small amounts of pleural effusion -
pleural involvement will very often be shown. Judging from the above-mentioned publi
cation, the examination of the chest was incomplete and included only frontal views. 

An abscess can perforate the diaphragm and cause empyema, or it may perforate to 
the pericardium and cause pyopericarditis. 
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As mentioned above, gas in the intestines and colon is occasionally sufficient to allow 
for the diagnosis of displacement of these organs. Upon examination with contrast medium, 
the displacement can often be shown more clearly, however, and narrowing of the lumen and 
mucosal edema can be demonstrated. If the process is on the left side, the changes are often 
striking in the descending colon, or, if it is on the right side, in the duodenum, which is 
close to the right kidney. 

An osteitis in the form of spondylitis, for example, or osteomyelitis of the ribs, or of 
one or more transverse processes of the vertebrae, can also be diagnosed roentgenologi
cally. Such osteitis may be the primary cause of the abscess formation. It may, however, 
be secondary, an erosion of skeletal parts being produced by an abscess lying in direct 
contact with the skeleton. 

Fig. 325b 

It is clear from what has been set forth above that the roentgen findings in perine
phritis are abundant and often permit diagnosis, and occasionally also demonstration of 
the origin of the perinephritic abscess. The frequency of different components given by 
different authors varies. These frequencies are of less importance, however. Here, as in 
all cases, roentgen diagnosis should not consist of a list of various components of very 
different degrees of importance, but in integrating the various roentgen-diagnostic obser
vations into a general picture that can be described in terms of clinical pathology. 

III. Carbuncle and abscess of the kidney 

(Figs. 326-331) 

Carbuncle and renal abscess are local inflammatory processes in the kidney. The former 
is also called furuncle and anthrax. As to the latter designation, it should be observed that 
in the Romance languages anthrax (French) and antrace (Italian) mean carbuncle in ge
neral, while in English the term anthrax means a carbuncle caused by the bacillus anthra-

25 Handbuch der med. Radiologie, Ed. XIII/l 
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cis. Renal carbuncle should be regarded as the tumor-like multilocular inflammatory pro
cess in the parenchyma .The fact that it is multilocular indicates that it is composed of 
several larger or smaller abscesses. In addition, it consists of more or less firm granulation 
tissue. The cut surface may resemble that of a well defined renal carcinoma. The renal 
abscess differs from a carbuncle in being unilocular. 

Renal infection is often a manifestation of a pyemia and one may therefore occasionally 
see a renal carbuncle in one kidney, for example, and a solitary renal abscess or multiple 
cortical abscesses in the other kidney. The disease may occur at all ages from childhood. 
It has always been very rare in our clientele. Renal carbuncle can break through the fibrous 
capsule ofthe kidney, or infection may be carried via the lymphatics out into the surround-

Fig. 326. Renal carbuncle in anterior part of kidney. Elevated temperature. Pain on right side. Tenderness. 
Right kidney moderately enlarged and plump. Outline sharp cranially but blurred laterally. Urography: good 

excretion of contrast medium. Kidney pelvis compressed 

ing areas. This results in perinephritis. The carbuncle is thus often not diagnosed as such 
but as perinephritis. 

The findings at plain roentgenography are therefore often dominated by signs of 
perinephritis, as described above. If the perinephritic changes are mild, the carbuncle 
may be seen as a local, large or small bulge in the outline of the kidney, or as a general 
enlargement of the kidney. In this respect the findings resemble those described for renal 
tumor. 

A bulge in the outline of the kidney due to a carbuncle may be combined with changes 
in the capsule and the pararenal tissue. The findings at plain radiography may then re
semble those seen in tumors infiltrating perirenally. 
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Examination with contrast medium 

Renal carbuncles and renal abscesses are rare and experience with pyelography and 
urography is therefore limited. It was formerly widely believed that pyelography was 
of little diagnostic help. A case described by LJUNGGREN (1931) showed that both pyelo
graphy and urography gave definite information about the expansion, which together 
with the clinical findings gave the preoperative diagnosis of renal carbuncle. A compilation 
by SPENCE and JOHNSTON (1939) also shows the value of examination with contrast me
dium. In 36 cases of renal carbuncle, roentgen examination had been performed in 30 and 
urography or pyelography in 26. At pyelography in four of these cases no signs of a patho
logic condition were revealed, while in 22 cases some abnormality or another was shown. 
In a compilation by GRAVES and PARKINS (1936) of 66 cases, only 15 gave positive findings 

a b c d 

Fig. 327. Renal abscess. Fever, pains on left side. Small stones in left ureter passing spontaneously a) Urography 
prior to this attack (examination because of stone): normal conditions. b) Present urography: cranial pole left 
kidney enlarged, ill-defined. Kidney pelvis displaced downwards, cranial branch compressed. Several days later: 
pus in urine. Temperature returns to normal. c) U rogra phy: expanding lesion in cranial pole diminishing. Kidney 
pelvis of normal shape. Communicating with uppermost calyx is an irregular cavity corresponding to lumen 
in thick-walled abscess with fistula to kidney pelvis. d) Urography two months later: no signs of pathologic 

condition 

at pyelography. It may be presumed that the examination in some of these cases was not 
complete. Detection of an expanding process by pyelography often requires projections 
at different angles. 

Signs of expansion will be exhibited at pyelography and urography; the comments 
given above on deformation of the renal pelvis and ureter in the presence of solid tumor 
or cyst also apply here (Figs. 326-331). 

A renal carbuncle may fistulate into the renal pelvis and empty via the latter (Fig. 
327). 

In view of the fact that the patient is often referred for examination because of an acute 
infection, perinephritis is an important differential diagnosis. On the other hand, one 
must always have in mind in perinephritis the possibility that the process may be of 
intrarenal origin. 

Not only will signs of an expanding process occasionally be seen at pyelography, 
but also contractions with rapid filling and emptying of the renal pelvis which are not 

25* 
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a b 
Fig. 328. Abscess in left kidney. a) Urography: escape of contrast medium from kidney pelvis into irregular 
abscess. Moderate displacement of upper branch and medial part of kidney pelvis. b) After six weeks of conser

vative therapy, abscess has healed. No displacement of kidney pelvis. Kidney well outlined 

a b 
Fig. 329. Chronic renal abscess. Urography: sign of expansivity in caudal part of left kidney. Angiography 
a) arterial phase: marked displacement of arterial branches. Anastomoses between intrarenal arteries and cap
sular arteries (arrows). b) nephrographic phase: irregular filling defect in caudal half of left kidney. Multi
tude of irregular arteries and veins with blush (-t,,). Changes definitely do not represent cyst. As arterial 
changes were of inflammatory type, diagnosis was abscess. Diagnosis was confirmed by operation and 

histologically 
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a b c 

Fig. 330. Abscess in caudal part ofright kidney. Urography: expansivity in caudal part of kidney. Angiography: 
no pathologic vasculature. III defined expansivity corresponding to finding at urography. Definitely not cyst 
but papillary renal carcinoma cannot be excluded. Tumor was diagnosed at operation, microscopically and by 
palpation, and nephrectomy performed. At pathologic anatomic examination chronic pyelonephritis was found 
with marked inflammatory changes in wall of cyst. a) Arterial phase; b) Capillary phase ; c) Nephrographic phase 

a b 

Fig. 331. Large renal carbuncle. Angiography: a) arterial phase: marked displacement of intrarenal branches. 
Hyperplasia of capsular arterial branches surrounding expansivity; b) capillary phase: expansivity not well 
outlined towards normal renal parenchyma. Puncture with emptying of 400 cc of pus. Later operation: renal 

carbuncle 
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seen in non-inflammatory, space-occupying lesions. Renal angiography may be helpful. 
At angiography a renal carbuncle may be seen to have a hypervascularized region of the 
type sometimes seen in florid pyelonephritis in smaller portions of the kidney. The 
hypervascularity may be localized in a large, well defined portion of the kidney. This 
hypervascularity does not include pathologic vessels of the type occurring in malignant 
renal tumor. It should be remembered in the differential diagnosis of renal tumor, however, 
(DE VRIES, 1959). 

It has been pointed out by VOEGELI (1971) (Fig. 329, fig. 330), on the basis of our 
material of angiographically examined cases of renal abscess, that the lesion can be 
diagnosed angiographically as such in many cases, but that in some cases the definite 
differential diagnosis versus papillary carcinoma of the kidney is not possible. Percu
taneous puncture of the angiographically established expansive lesion must then be made. 

Syphilitic gumma should be mentioned in this connection as, like a chronic renal 
abscess, it resembles roentgenologically a space-occupying lesion (HUNTER, 1939). 

N. Gas in the urinary tract and fistula formation 

A wide variety of conditions are accompanied by gas in the urinary tract, in varying 
amounts, particularly in the renal pelvis. The examiner must therefore be familiar with 
the roentgen findings. 

Gas in the urinary tract may be masked by intestinal gas. If the amount of gas is 
large, the entire renal pelvis will be filled, as in a gas pyelogram. Thanks to the typical 
form of such an accumulation of gas, it is readily recognized as such in the urinary tract. 
If only a small amount of gas is present in the renal pelvis, projections must be taken at 
different angles in order to ascertain that the gas observed is actually situated within 
the kidney. The outline of such gas is then often found to correspond to some part of the 
renal pelvis, such as a calyx. Gas usually migrates upon change of position of the patient; 
upon examination in the standing position, it will be seen in the cranial group of calyces. 
However, it may be entrapped in a cavity formed in a pathologic process. 

Gas in the urinary tract may be of intrarenal or extrarenal origin. 

Development of gas in the urinary tract 

Gas may occur in the urinary tract in the presence of gas-producing bacteria in an 
inflammatory renal lesion. In urine in diabetics, for example, fermentation can take 
place, with the formation of carbon dioxide. In sugar-free urine which contains protein, 
gas may be produced by Bact. coli or Bact. aerogenes. Bact. coli can also produce sulphuric 
acid from the urinary sulphates. 

Gas may be produced in the wall of the urinary tract and bullae can be formed which 
may rupture, with escape of the gas into the lumen of the bladder or kidney pelvis. This 
is what happens in emphysematous or phlegmonous cystitis. 

One case of spontaneous gas pyelogram has been described by NOGUEIRA (1935) in 
which the cause is not known, and one case by OLLE OLSSON (1939) in a diabetic with pye
lonephritis in whom the urinary sugar had been fermented by Bact. coli. In the latter 
case the gas pyelogram demonstrated the occurrence of multiple papillary necroses (Fig. 
332). A case of gas formation by the same type of bacteria has been described by BRAMAN 
and CROSS (1956) in a patient with a coexistent perinephritic abscess which also contained 
gas. 

Several reports on emphysematous pyelonephritis have since appeared in the literature. 
A review is given by TURMAN and RUTHERFORD (1971) in which they point out that em-



i 
o 

Development of gas in the urinary tract 

a b 

c 

i i 
cm1J 

391 

Fig. 332. Gas in kidney pelvis and in cavities caused by papillary necrosis. Diabetic woman,69 years of age, 
with glucosuria and pyuria. Gas formed by fermentation delineates kidney pelvis and cavities at site of papillae. 

Papillary necrosis. a) Plain roentgenogram. b) Urogram. c) Specimen 

physematous pyelonephritis is a fulminating renal infection which is usually marked by 
sepsis, renal necrosis, abscesses and gas formation in the renal and perirenal tissues. 

Gas may also enter the urinary tract from without. This may occur through direct 
exposure to the external environments, and is common in association with catheterization 
of the ureter. 

Gas can also enter via a cutaneous ureterostomy and via perforating lesions, caused 
either from without (by a weapon, for example) or from within (by fistnlation from a con-
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crement, for example). Gas may also enter via a direct communication between the 
urinary pathways and a cavity which normally contains gas. This is the case upon trans
plantation of the ureter to the intestine, e. g. ureterosigmoideostomy (Fig. 333). A patient 
with an incompetent ureteroenteroanastomosis may continuously have gas in the renal 
pelvis. Gas may also enter the urinary tract upon spontaneous fistulation with the digestive 
tract and in inflammatory processes, tumors, or necroses. The fistula may communicate 

Fig. 333. Ureterosigmoidostomy: Complete filling ofthe kidney pelvis and the ureter by gas, with slight dilata· 
tion 

with the stomach, small intestine, or large intestine. It may be primary in the urinary 
tract, the gastro-intestinal tract, or in the tissues outside these organs. 

A glandular process of inflammatory or neoplastic nature may infiltrate both the 
urinary tract and the gastro-intestinal canal and form a fistula between them. One case 
has been described by NARINS and SEGAL (1959) in which a large staghorn concrement 
migrated via a fistula into the intestines and was passed per rectum. 
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Upon fistulation between the urinary and the gastro-intestinal tract, spontaneous 
or surgical infection is likely to occur, with concrement formation or renal damage of the 
type described in the chapter on pyelonephritis. In the presence of such fistulation into 
the colon, barium contrast can flow into the urinary tract on examination of the colon 
with contrast (see. fig. 325). This can give rise to barium concrements. Contrast medium 
may also pass in the opposite way, from the ureters over into the large intestine, in uro
graphy, for example, Here the contrast medium may spread over the major part of the 
large intestine. At urography in patients with ureteroenteroanastomosis, contrast excretion 
by the kidneys can be observed to continue much longer than normally is the case. This 
can hardly imply anything but that the contrast medium excreted and transported to the 
colon is absorbed to some extent by the intestine and re-excreted. 

Fig. 334. Spontaneous gas pyelogram after ureterosigmoidostomy. Extirpation of bladder because of tumor. 
Repeated attacks of acute pyelonephritis and stone formation. Plain roentgenogram: Kidney pelvis filled with 

gas. Large stone in confluence and caudal branch. Calyceal deformation caused by pyelonephritis 

o. Medullary sponge kidney (benign renal tubular ectasia) 

LENARDUZZI in 1939 reported on a disease entity which he named medullary sponge 
kidney (rena a spugna medollare) and described it as characterized mainly by ectasia of 
the tubuli. "Renal tubular ectasia" would therefore be a better name. PALUBINSKAS 
(1969) has proposed the name "benign tubular ectasia." VESPIGNANI (1957) proposed the 
name "cystic dsyplasia of the renal pyramids" andANDwAN et al. (1964) "l'ectasie canali
culere precalcienne." In the history of the literature there is a lapse of 10 years between the 
original publication concerning the disease and the next report of a case. This is interesting 
to note since the disease has been found to be fairly common. A large number of cases 
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have been reported since and a great and well studied material of 35 patients was reported 
by LINDVALL in 1959. 

The disease represents a congenital malformation based possibly upon a genetic defect 
or a toxic factor causing a disturbance in the zone where the nephrogenic tissue and the 
Wolffian ducts unite (CACCRI and RICCI, 1949) Many other explanations have been pre
sented (see DI SIENO and GUARESCHI, 1956). The disease may be familial. KERR et al. 
(1962) classify as congenital cystic kidneys the classical polycystic disease of the adult, 
the medullary sponge kidney without liver disease, and congenital hepatic fibrosis with 
renal lesions. In the latter group nearly half of the cases are familial. The above authors 
recommend that patients with a diagnosis of medullary sponge kidney who are below 
the age of 40 years should have further examinations of the liver, and that children and 
young adults presenting with portal hypertension should undergo kidney examination by 
urography. 

The connection between renal tubular ectasia and cystic disease of the liver is stressed 
by REILLY andNEuRAusER(1960). Here too it is pointed out that the condition is heredo
familial and that portal hypertension and portal cirrhosis may be the presenting symp
toms. 

Patho-anatomically the disease is characterized by changes in the pyramids. No 
changes are seen in the cortex. The kidney may be slightly enlarged with generalized 
changes. The medulla of one or more or of all pyramids in one or both kidneys contains 
cystic cavities causing an increase in size of the pyramid and of the corresponding 
calyces. Microscopically in an increased stroma of connective tissue are found generally 
widened tubules or tubules with irregular diverticular-like widenings together with tu
buli of ordinary caliber. Signs of infection and of calculus formation are common (see 
exhaustive literature survey in EBESHAUS, 1960). 

1. Plain radiography 

(Figs. 335-338) 

LINDVALL (1959), on the basis of 35 cases gives a thorough description of the 
roentgenologic changes. In plain roentgenograms the kidneys may be seen to be 

Fig. 335. Tubular ectasia with generalized changes and moderate hypertrophy of some papillae 
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slightly enlarged. They are usually of ordinary size but may be diminished and often have 
an irregular surface. Small, rounded, single or multiple calculi, usually in a very great 
number and of high calcium content, are seen corresponding to the papillae. They may be 
scattered throughout the kidney or localized to a part of the organ and may occur on one 
or both sides. Occasionally only one papilla or part of it shows calcifications. The changes 
vary in severity from one part of the kidney to another. If only one papilla or group of 
papillae is involved, a local accumulation of small calcifications may be seen. They are 
of fairly characteristic appearance and even when less numerous and small, their appearance 
in plain roentgenograms would suggest medullary sponge kidney. 

a b 

Fig. 336. Localized tubular ectasia, cranial pole right side. a) Plain roentgenogram: characteristic small 
calculi. b) Urography: calculi in dilated ducts 

2. Urography 

Urography is the method of choice for further examination; at pyelography the changes 
are often not demonstrable. At urography the excretion of the contrast urine is usually 
normal. The renal pelvis and the calyces may be of ordinary outline. Papillary hypertrophy 
is common, however, and occasionally grotesque. One or a pair of papillae may be hyper
trophic, while others which also have changes may be of ordinary size. The calyces cor
responding to enlarged papillae are widened and often flattened. More or less well defined 
widened tubuli are seen in the pyramids. They often form a striation in the papillae and 
occasionally cause an irregular increase in density. Parts of the pyramid may not be filled 
because of non-communicating cysts. 

Renal tubular ectasia may be complicated by infection, as mentioned above. In that 
case signs of pyelonephritis may overlap the signs referred to. 

The characteristic changes are more readily demonstrable by urography than by 
pyelography. Only in exceptional cases are they more distinct in pyelograms. This is be
cause at pyelography the contrast medium cannot force its way up through the narrow 
mouth of the widened ducts. This may help to explain why the condition was discovered 
so late, although it is not uncommon. During urography the contrast filling comes from 
the parenchyma, thus providing a much better possibility of obtaining a contrast filling 
of the dilated collecting tubules. 
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Fig. 337. Tubular ectasia bilaterally. Urography: widened ducts in most papillae, at some places resem
bling ordinary tubular stasis, some with slight cystic dilatation 

a b 

Fig. 338. Tubular ectasia localized in caudal pole. a) Plain radiography: small scattered calcifications in caudal 
kidney pole. b) Urography: markedly widened ducts around calcifications 

A large number of lesions have been mentioned differential-diagnostically in the 
literature, such as renal tuberculosis, papillary necrosis, nephrocalcinosis. The difficulties 
in diagnosis are represented mainly by borderline cases with tubular stasis in connection 
with compression at urography. 
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The lesions usually remain unchanged during years of control, with the exception of 
changes in the number of stones. Changes when present are due to added pyelonephritis 
or dilatation of the urinary pathways. Renal colic is naturally a common phenomenon 
in patients with renal tubular ectasisa with stone formation. 

According to our present knowledge, as can be expected, renal angiography does not 
contribute to the diagnosis. Ordinary vascular anatomy is seen, however (ALKEN et al., 
1951), when renal angiography is performed. 

P. The backHow phenomenon 

The backflow or reflux phenomenon has reccived much space in the literature and has 
been the subject of experimental, anatomic and clinical investigation. In some of the clinical 
studies its importance from the points of view discussed has undoubtedly been over
rated. The phenomenon is of particular interest from a purely roentgen-diagnostic point 
of view and here it will be discussed only from this angle. 

It is generally agreed that reflux is due to a rupture of the fornix of one or more 
calyces with overflow of the renal pelvic contents into the sinus and then into the peri
vascular spaces, which extend from the main part of the sinus into the renal parenchyma. 
When the extravasate dissects along veins in this stage, ruptures occur in the walls of the 
veins with passage of contrast medium into their lumina. Such ruptures readily occur 
when the pressure in the veins is low, while relatively high pressure in the veins tends 
to prevent reflux (MINDER, 1930). The refluxes may be tentatively divided into the 
following groups: 

1. Reflux into the renal parenchyma, such as tubular reflux and interstitial reflux 
varying in severity up to subcapsular reflux. 

2. Reflux into the blood stream, so-called pyelovenous reflux. 
3. Reflux into the lymphatics. 
4. Reflux into the sinus with sub-groups: fornix-reflux, peripelvic reflux, perirenal 

reflux, and reflux further into the retroperitoneal space. 
These groups occasionally occur in combination and often represent different stages 

of one and the same sequence of events. 
The reflux phenomenon was first observed by anatomists in connection with the 

production of casts of the renal pelvis. They found that fluid injected into the ureter es
caped through the renal vein (GmoN, 1856). However, the phenomenon did not arouse wide 
interest until after the advent of pyelography, when these anatomic experiments were 
reproduced clinically. Many years elapsed, however, after the introduction of pyelography 
before the phenomenon received systematic attention. HINMAN and LEE-BROWN (1924) 
and FUCHS (1925) studied the phenomen anatomically, experimentally, and to a certain 
extent clinically. In recent years reflux in association with urography (see literature 
OLLE OLSSON, 1948, 1962, 1972) has received wide attention. Reflux has been focused 
mainly on reflux to the blood stream, i. e. pyelovenous backflow. On the basis of autopsy 
studies and of certain animal experiments, far-reaching conclusions have been drawn 
and accepted as holding for human patients. It was presumed that experiments on the 
above-mentioned material furnished sufficient evidence to attach clinical significance 
to backflow with regard to features of the patho-physiology of hydronephrosis, for example, 
as well as to most accidents in retrograde pyelography. It must be observed that when 
definite and far-reaching assertions were made in this respect, they were not supported 
by a single correlated clinical observation. A perusal of the literature shows that the term 
pyelovenous backflow has been used for practically any extravasation beyond the border 
of the renal pelvis. 

It is important from a roentgen-diagnostic point of view to remember that refluxes 
can occur in connection with both pyelography and urography. The majority of publi-
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cations on reflux deal with pyelography and many authors claim that reflux is observed 
only in connection with pyelography. An extensive study of reflux during urography 
(OLLE OLSSON, 1948) has shown, however, that the phenomenon is not uncommon even 
during urography, although frequently only in early stages. The roentgen findings in the 
various types of reflux are outlined below. 

I. Tubular backflow 

(Fig. 339) 
From the middle of a calyx a fairly homogeneous, wedge-shaped area of increased 

density is seen to extend out into the corresponding papilla, widening towards the cor-

Fig. 339. Tubular and tubulo-interstitial backflow in kidney poles. Small fornical extravasations medial part, 
cranial calyx, and caudal part of middle calyx 

tex. Sometimes the increased density is streaky, with the streaks converging towards 
the calyx. This type of backflow is due to contrast medium from the renal pelvis flowing 
into the collecting tubules, which are thus more or less filled with contrast medium. 
These changes can be observed as a streaky accumulation of contrast medium in a large 
portion of the kidney e. g. a renal pole or a single pyramid, and continue right out to the 
periphery of the kidney, sometimes involving large portions of the kidney (KOHLER, 
1953). When an entire pyramid or more than one pyramid is involved, it is, in my opinion, 
not always due to canalicular backflow but to contrast medium situated interstitially, a 
tubulo-interstitial backflow. Sometimes the contrast medium in this type of reflux during 
pyelography is forced through the renal parenchyma out into the subcapsular space, 
where it spreads to a varying degree in a thin layer. 

Tubular backflow can be seen during urography as an increase in density of the 
papillae (see Fig. 343). It may be considerable and be seen in all or only some of the 
papillae. In urography it is obviously not a question of backflow but rather of stasis, the 
increased intrapelvic pressure occurring on ureteric compression, making it difficult for 
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the contrast medium excreted by the kidney to flow to the renal pelvis. Tubular backflow 
occurs readily in patients with particularly wide ducts (HINKEL, 1957). 

II. Reflux to blood-stream. Pyelovenous backflow 

The contrast medium runs as one or several fairly broad bands via the renal hilum 
towards the spine. Perusal of the literature will show that most cases presented as evi
dence of pyelovenous backflow are not accompanied by illustrations showing contrast 
filling of veins. KOHLER (1953) reported that he had never succeeded in finding a single 
illustration in the literature of a retrograde pyelography in which it would be possible 
to identify a contrast-filled renal vein. OLLE OLSSON (1948) has described a case seen 
during urography, which most probably shows a true contrast filling of a vein, thus an 
illustration of pyelovenous reflux. 

The possibility of pyelo-arterial backflow was suggested by BAUER (1957) on the 
basis of a very incomplete and inconclusive examination of autopsy specimens. 

III. Reflux to sinus 
(Figs. 340-345) 

This is the most common type of reflux. The extravasate is generally seen in the form 
of a horn-shaped projection protruding a few millimeters from the boundary of a calyx. 

Fig. 340 a Fig. 341 b 

Fig. 340. Fornix reflux. Urography: small extravasate outside calyx. Calyceal wall appears as filling defect be
tween contrast medium inside and outside calyx 

Fig. 341. Backflow of different types in same patient. Blind pyelography: a) Tubular and tubulo-interstitial 
backflow into several pyramids. At / fornix rupture with small extravasate to sinus. At ,(' fornix rupture 
with extravasate from sinus into perivascular space. b) Later stage of examination: tubular backfiow has dis
appeared. Widespread extravasation into sinus surrounding most calyces and branches and reaching hilum. 

Catheter withdrawn 
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The projection may be directed laterally towards the renal parenchyma or substantially 
medially, towards the sinus. The extravasate is often less distinctly defined, at least laterally. 
When the calyx is studied in axial projection, the extravasate can generally be seen 
surrounding a part of the circumference of the calyx. In the upper or lower portion of the 

Fig. 342. Large sinus backflow. Blind pyelography: from ruptures at edge of most calyces, contrast medium 
flows into sinus and out through hilum 

a b c 

Fig. 343. Development of sinus reflux. Urography a) 10 minutes after ureteric compression: no reflux. b) 14 mi
nutes later: rupture of part of fornix of middle calyx with small extravasate around cranial half of axially 
projected calyx. c) Some minutes later: extravasate has spread around the stem of the adjacent calyces. Note 

increased contrast density in papillae caused by tubular stasis 

renal pelvis these extravasates often assume a characteristic form resembling an overflow 
from the boundary of the uppermost or lowermost calyx. In the majority of cases the 
extravasates - whether they are solitary or multiple - are of this type. 

In addition to the small extravasate at the calyceal border, contrast medium is often 
demonstrable around the stem of that calyx from which the extravasate springs. Medial 
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to the calyx, this medium is well outlined and is separated from the contrast medium in 
the calyx by a non-opaque zone, about 1 mm wide. This zone corresponds to the thickness 
of the calyx wall. The lateral outline of the extravasated contrast urine is usually ill
defined. In some cases medium is visible as an irregular accumulation further medially 
around the confluences of the pelvis or adjacent to or surrounding the stem of neighbor
ing calyces. 

In some cases with very extensive extravasation of this type the opaque medium 
escapes via the hilum along the ureter or around the kidney (Fig. 344). It can spread out 
into the retroperitoneal space and far down the ureter especially in association with renal 
colic (OLLE OLSSON, 1948; 1953, 1962, 1972) (Figs. 347-350). 

a b 

Fig. 344. Extensive sinus-perihilar backflow. Urography. After 15 minutes of ureteric compression, patient 
felt pain in right side. a) Sinus extravasate passing through hilum to medial surface of kidney. b) Release of 

compression. Rapid absorption of extravasate 

a b 

Fig. 345. Pyelolymphatic backflow. Pyelography. a) Rupture of fornices in middle of kidney. b) Increasing 
filling of lymphatics 

26 Handbuch der med. Radiologie, Bd. XIII/1 
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IV. Pyelolymphatic backflow 

From one or more fornices, which often show sinus reflux of varying extent spreading 
along the calyces, well defined, thin, somewhat irregular, single or multiple lymphatics 
may be seen extending towards the renal hilum, whence they often distinctly bend along 
the ureter. 

Pyelolymphatic extravasation has been considered a rare phenomenon. Perusal of 
the literature shows, however, that several of the cases said to illustrate pyelovenous 
contrast filling undeniably belong to the group pyelolymphatic backflow. The frequency 
of these must therefore be considered higher than was hitherto thought. Often pyelolym
phatic backflow is part of sinus backflow. It can occur with or without chyluria. In cases 

a b 

Fig. 346. Development of reflux. Urography: a) after 20 minutes of ureteric compression: slight extravasation 
at brim of middle calyx (arrow). b) A few minutes later: spreading of extravasation in sinus and filling oflym. 

phatics 

of chyluria at lymph-angiographic examination, retrograde flow of lymph to the renal 
lymphatics and calices with fistulous communication can 0ften be demonstrated (OHEN, 
1971). 

V. Relation of reflux to bloodstream 

The reflux phenomenon has been considered above only from a roentgen -diagnostic 
point of view. Far-reaching conclusions have been made on observed or assumed signs of 
backflow in pyelograms without due attention to, or proper interpretation of, the findings. 
In addition, the clinical and physiologic importance attached to backflow has not always 
been based on strictly logical grounds. 

The changes observed at roentgen examination and described in the literature as 
pyelovenous reflux are, as a rule, simply signs of sinus extravasation or mostly pyelolym
phatic backflow. Illustrations unequivocally showing flow of contrast medium into a 
vein on clinical examination are rare. 
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Fluorescent sodium gives a fluorescence detectable m the skin and mucosa when 
examined under long-wave ultraviolet illumination. OLLE OLSSON (1948) carried out 
experiments with fluorescent sodium incorporated in the contrast medium for retrograde 
pyelography and could demonstrate absence of passage to veins in small sinus refluxes. 
When, after abruptly raised pressure, fluorescence was noted as a result of venous escape, 
no venous filling was seen but sinus extravasation was marked in these cases. 

Backflow thus occurs readily at retrograde pyelography. It can usually be avoided 
by the use of a proper technique guided by fluoroscopy. Pyelography under manometric 
control does not exclude reflux. The escape is limited to a sinus reflux but it can assume 
the character of a pyelovenous reflux without escape into the vein being demonstrable in 
the films. This is probably because the contrast medium is rapidly carried off by the blood. 
This has long been known: contrast excretion has been seen in the contralateral kidney 
at unilateral pyelography, which must imply that the contrast medium has passed into 
the blood stream and that the patient has received an intravenous injection producing 
excretory urograms with contrast excretion in the other kidney also. 

KOHLER (1953) has also examined this phenomenon and found that a pressure of 
80-100 mm/Hg is, on the average, sufficient to produce reflux in normal human kidneys. 
Much lower values have been found by RISHOLM and OBRINK (1958) in an investigation 
in which a very small volume of albumin marked with 131J was injected into the renal 
pelvis in association with routine cystoscopy. Immediately after the injection the ureter 
was blocked and the pressure was measured. The radioactivity in the blood was checked 
by collection of samples at short intervals and preliminary experiments showed that 
it increased rapidly when the intrapelvic pressure exceeded 15-20 cm water. Since the 
albumin molecules are too large to pass from the renal pelvis to the bloodstream under 
normal conditions,it is assumed that reflux may occur at this pressure in the renal pelvis. 

The final evidence has been produced by anatomic examinations by STAUBESAND 
(1956). He has shown good agreement between the anatomic and the roentgen findings 
described above. In corrosion preparations of normal human kidneys he found that the 
presence of an open communication between the calyx and the renal sinus is always pre
ceded by rupture of the mucosa. Sinus extravasates often flow along the calyceal wall 
into the sinus. They often also follow the perivascular spaces into the renal parenchyma. 
Then - though rarely - they may enter the venous blood. More frequently the fluid 
emanating from the renal pelvis hugs the vessel walls. 

These observations underline how important it is to use a gentle technique in the 
performance of pyelography and how necessary it is to perform the examination under 
fluoroscopic control, as mentioned in the chapter on retrograde pyelography. 

VI. Frequency of reflux 

The frequency of reflux varies widely with the technique used. Pyelography by the 
conventional technique, as stressed above, should always be performed under fluoro
scopic control, if reflux is to be avoided. If this precaution is not observed, refluxes of 
various types will be common. In a series of pyelograms of 207 kidneys KOHLER (1953) 
found sinus reflux in 65, pyelolymphatic in 56, pyelovenous in one kidney, tubular in 66, 
and both tubular and sinus reflux in 19. 

During urography refluxes occur after application of ureteric compression but the 
compression must have been applied for a few minutes, the renal pelvis must be well filled, 
and the pressure must have increased so that fornix rupture may occur. As a rule, the 
refluxes are therefore seen after prolonged compression and at the end of the compression 
period. During the course of an examination it is possible sometimes to follow the devel
opment of the reflux from one film to another and its growth from a small contrast extra
vasate in the edge of a calyx to a large one spreading along a calyceal stem to the adjacent 

26* 
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calyx, then along the confluence and occasionally out through the renal hilum. The 
extravasated contrast urine rapidly disappears after release of compression. 

LINDBOM (1943) found sinus reflux in 15 cases out of 900 in which ureteric compression 
had been applied. OLLE OLSSON (1948) found the phenomenon in 37 out of 988 similar 
cases, and BOYARSKY et al. (1955) gave a frequency of 2.9 % in association with urography. 

VII. Backflow in acute renal colic 

(Figs. 347-350) 

Small refluxes attributable to renal colic and seen during the actual attack have been 
described by FUCHS (1931), HENDRIOK (1934), and LINDBOM (1943). During such attacks, 

a b c 

Fig. 347. Backflow to retroperitoneal space in renal colic. Urography (acute examination during pain and 5 
hours after onset of pain. No ureteric compression): a) 19 minutes after contrast injection: extravasation 
from calyces in middle part of kidney into sinus, through hilum and out into retroperitoneal space along ureter. 
No contrast filling of dilated ureter, which appears as filling defect in extravasate. b) 25 minutes later: extra
vasate has spread even more. c) Another 5 minutes later (prone position): filling of dilated ureter. Extravasate 

around ureter has begun to decrease 

however, widespread refluxes can be seen in which contrast medium, via ruptures in the 
fornix, continues through the sinus and renal hilum out into the retroperitoneal space, 
often far down along the ureter. In 1948 OLLE OLSSON, in a monograph on backflow in 
urography, reported six cases of backflow in connection with acute renal colic. In a paper 
from 1953 the same author reported seven more cases, and in 1972 the problem was again 
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studied. A large number of reports on the basis of a large material have appeared contin
uously in the roentgenologic and urologic and surgical literature. 

The most characteristic backflow is that in which at one or several calices a rupture 
at the fornix allows the escape of contrast urine from the kidney pelvis out into the sinus 
of the kidney and through the hilum into the retroperitoneal space around the kidney, 

Fig. 348. Backflow to retroperitoneal space in acute renal colic. At plain roentgenography of abdomen caudal 
part of left kidney was blurred, as was retroperitoneal space from middle of edge of iliopsoas muscle. Urography: 
large extravasation from rupture at cranial calyces along confluence of kidney pelvis and down along ureter. 

This extravasation was rapidly absorbed during examination 

its lower pole, and down around the ureter. The backflow may, however, be confined to 
the vicinity of one or two calyces and in some instances, usually at a late stage of a reflux, 
lymphatics may fill. In exceptional cases a large extravasation may start at an unusual 
place and take an unusual course. Thus OLLE OLSSON in 1972 reports on a rupture from 
a large, old scar of papillary necrosis in the upper lateral part of the kidney with perirenal 
extravasation laterally from the kidney. 
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Usually, however, the blackflow in acute renal colic has the same character as back
flow seen at ordinary urography where the ureteric passage is hampered by ureteric com
pression. The most striking difference is the large extravasation in the majority of cases 
of reflux in acute renal colic, which illustrates the difference in pressure gradient in the 
two groups. 

The extravasation may be limited, as mentioned above. A small extravasation does 
not mean, however, that the leakage is small. The extravasation may be absorbed very 
rapidly so that, within a few minutes, a large extravasation may to a great extent di
minish or completely disappear (OLLE OLSSON, 1972). 

a b 

Fig. 349. Acute renal colic. a) Backflow to retroperitoneal space seen at early stage of examination. Extravasated 
contrast urine spreads along ureter, which can be seen as filling defect along edge of iliopsoas muscle. b) Same 

examination 15 minutes later. Pains have subsided. Extravasation practically completely absorbed. 

The rupture closes fairly rapidly and only in exceptional cases can an extravasation 
be demonstrated in check urography a short time after an acute examination with a large 
extravasation. Such cases have been described by OLLE OLSSON (1953), HARROW, 
SCHWARTZ et al., BONK et al. (1966). 

It is characteristic of the rupture that the intrapelvic pressure at the time of exami
nation is fairly low, demonstrated by the fact that delay of contrast excretion is only 
slight or moderate, that the dilatation of the kidney pelvis also is only slight or moderate, 
and that the density of the excreted contrast urine is good. Actually in several instances 
one has the impression that the rupture is already present at the time of the examination 
and that the extravasated contrast urine only demonstrates the path the urine already has 
taken during the attack. 
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a b 

Fig. 350. Backflow in acute renal colic. Urography with tomography: small right kidney with marked pyelone
phritic changes. Extensive extravasation laterally from a cranial calyx spreading extrarenally to caudal 

pole of kidney 
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a b 

c 

Fig. 351. Backflow into a tumor. Urography a) 10 minutes after application of ureteric compression: flattening 
and slight displacement of caudal branch. b) 10 minutes later: from edge of cranially displaced calyx backflow 
into superficial part of tumor. Nephrectomy. Renal carcinoma. c) Pyelograms of operative specimen. Note 

rupture at edge (arrow) of displaced calyx 

The rupture in acute renal colic is due to a rapid increase in kidney pelvic pressure. 
It has been demonstrated that diuresis can cause rapid rise in pressure at blockage of a 
ureter. The pain is related to pressure, although with great individual variation. Rapid 
rise in pressure causes great pain (RrsHoLM, 1955). Rapid rise in pressure in this type of 
backflow is illustrated by several factors: backflow of this type as a rule is seen in patients 
with a short history of a very sharp attack of pain; the phenomenon is seen mainly in pa-
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tients examined in the morning hours when the urine production rapidly increases. A ureter 
blockage established during this part of the day will therefore cause a build-up of pressure 
much more rapidly than that occurring at any other time ofthe day. Cases have been re
ported (OLLE OLSSON, 1972) in which, after the subsidence of an attack of renal colic and 
after the injection of contrast medium (probably acting as a strong diuretic) a new sharp 
attack began, combined with extravasation. 

Extravasation demonstrated roentgenologically during urography in acute renal 
colic is not a rare phenomenon. Its frequency is difficult to estimate, however. HARROW 
(1966) in a discussion on the frequency of spontaneous urinary extravasation associated 
with renal colic, expresses the opinion that "there can be no doubt about the common 
occurrence of perirenal extravasation, even if not demonstrated on roentgenograms." 

a b 

:Fig. 352. Backftow around renal carcinoma. a) Urography: large extravasation of contrast urine around expan
sive lesion below middle ofleft kidney. b) Renal angiogram: renal carcinoma. Size and site correspond to shape 

and site of backftow 

He argues that before the last decade such incidences of urinary extravasation outside the 
renal pelvis were not diagnosed because oflack of knowledge oftheroentgenographic charac
teristics, the smaller number of excretory urographies performed in renal colic, the decreased 
density of urographic media, the tendency less often to take delayed roentgenograms, 
and inadequate amounts of injected contrast agent. Several of Harrow's arguments are 
not valid and other facts support the impression that reflux in acute renal colic is an iso
lated occurrence and the product of several concomitant factors. There is, however, one 
additional roentgenologic fact that lends support to the opinion that backflow may be 
more common than is believed: the frequency of fibrolipomatosis. It has been reported 
(OLLE OLSSON, 1953, 1962; VOEGELI, 1971) that backflow, by causing proliferation of 
connective tissue and fat in the sinus, can lead to angiographically demonstrable late 
changes. At check examination of patients after an attack of renal colic we have in some 
instances noticed changes of the fibrolipomatosis type on the side of previous stasis (OLLE 
OLSSON, 1972) (Fig. 353), from which the conclusion can be drawn that, in connection with 
an attack of renal colic, backflow has occurred. The extravasation may have occurred, 
however, outside the time covered by the roentgenologic observation or may have been 
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too small to have been noted under prevailing examination conditions. The basic prere
quisite for its observation is namely contrast excretion of satisfactory density. In many 
instances of acute renal colic the contrast excretion is completely blocked or markedly 
delayed and contrast density is often very low. This, in connection with the fact that no 
bowel preparation of the patient can be made in the acute stage, that the patient because 
of pain is uncooperative,and that the extravasation may be small, undoubtedly cause some 
ruptures to remain undetected. The frequency of radiologically observable backflow 
at the acute examination appears to be approximately 5 % (SCHWARTZ et al., 1966; OLLE 
OLSSON, 1972). This type of backflow may be the explanation for slight temperature 
reaction, increase in white blood count, and a marked tenderness over the kidney in some 
patients during and after acute renal colic. 

VIII. Significance of reflux from a roentgen-diagnostic point of view 

Refluxes are usually roentgen-diagnostic artifacts caused by the increased pressure 
in the renal pelvis produced by the method, i. e. injection of contrast medium via a 
catheter for pyelography and application of ureteric compression for urography. Features 
of this type of reflux were given in further detail above, 

In one situation, however, the roentgenologically demonstrable reflux phenomenon 
is part of a patho-physiologic sequence of events, namely when reflux is seen in connection 
with acute renal colic. 

The pathologist HAMPERL (1949) has shown that gross jelly-like masses may be seen 
in the fat tissue of the renal hilum and even in retroperitoneal fat tissue along the ureters 
at post-mortem examination of cases with urinary stasis. The spread of the jelly-like mass 
showed that it was due to some kind of infiltration, as may be expected of a fluid 
substance that spares the tissue structure. It was definitely related to ruptures of the 
fornix. It is surprising that such changes should not have been noticed by pathologists 
earlier, for they are not rare. 

The extravasate occurring during such a reflux can result in a tissue reaction of differ
ential roentgen-diagnostic importance. Such a case has been described by FAJERS and 
IDBOHRN (1957) in our department, in which at urography three days after an attack of 
renal colic, changes were seen in the renal pelvis, and in which at follow-up, findings were 
seen that could be interpreted as renal pelvic tumor but which were considered to be due 
to tissue reaction after backflow. Explorative surgery in another hospital revealed that 
the right kidney was embedded in firm adhesions. The hilum was edematous and was 
felt to contain a small obscure lump. Nephrectomy was performed. Histologically wide
spread peripelvic refluxes with old hemorrhages were seen (Fig. 354). We have since seen 
further cases of this type. 

Fibrolipomatosis may also result in "chronic" reflux. On the basis of our material 
VOEGELI (1971) has shown that fibrolipomatosis is common in middle-aged and elderly 
men and is seen mainly in patients with signs of prostatic hyperplasia. The pathogeneti
cally decisive factor seems to be recurrent pyelosineous backflow. 

Refluxes are also important from a diagnostic and particularly a differential-diagnostic 
point of view. From a diagnostic point of view, those few cases may be mentioned here 
in which contrast medium had escaped into a tumor at retrograde pyelography (BITSCHAI, 
1927; FUCHS, 1930; v. ILLYEs, 1932; SCHUBERT, 1933; HERRNHEISER and STRNAD, 1936; 
MEUSER, 1943) or during urography (OLLE OLSSON, 1948) (Fig. 352). In another case the 
latter author reported reflux around a small calcified space-occupying lesion and, in addi
tion, I have seen reflux around a renal carcinoma (Fig. 352). 

Refluxes are also important diagnostically in retrograde pyelography because if the 
reflux is large, small anatomic changes may escape detection. In the event of extensive 
backflow, pyelography is therefore unreliable. 
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Fig. 353. a) Fibrolipomatosis after attack of renal colic. Urography 8 days after attack of renal colic without 
excretion on left side: marked changes in shape of left renal pelvis suggesting fibrolipomatosis. b) Left-side 

renal colic several years earlier. Actual urography: marked fibrolipomatosis in left kidney 
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When pyelography has been performed with thorotrast, contrast medium can have 
escaped into the renal tissue or renal sinus. Thorotrast residue may then remain in the 
tissues for the rest of life. At roentgen examination it can be seen as thin linings of single 
calyces or parts of the renal pelvis, the contrast lying in the sinus along the renal pelvis 

a b c 

Fig. 354. Peripelvic reflux in renal colic causing expanding tissue reaction. Urography: a) 10 days after colic: 
irregular impression from hilum into medial part of confluence. Regression b) one and c) three weeks later 

a b 

Fig. 355. Healing of sinus reflux. Urography (tuberculosis suspected): Irregular extravasation around calyx 
cranial to middle of kidney (probably backflow, but papillary destruction cannot be excluded). b) 19 days 

later: no reflux. No pathologic changes. Edge of calyx sharp 

(SVOBODA, 1954). It may also be seen as radial streaks of contrast medium running from 
one or more papillae out towards the periphery of the kidney. 

From a differential-diagnostic point of view, refluxes are important in the presence 
of papillary destruction, particularly papillary ulceration in renal tuberculosis. The earlier 
literature contains several reports in which a reflux was obviously interpreted as a de
structive process and nephrectomy had been performed unnecessarily (OSSINSKAYA, 1937; 
RENANDER, 1939). The importance of considering fornix reflux in the differential diagnosis 
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of papillary ulceration has been stressed (LINDBOM; OLLE OLSSON; STEINERT, 1943). 
The differential-diagnosis is established by the following procedure: if, during the course 
of urography, a change is seen that may be a fornix reflux, compression is maintained, 
the reflux will develop, and the contrast medium will spread out along the calyceal stem. 
On occasion this is not possible. The differential-diagnosis can then be established by re
examination a few days later. Experience has shown that ruptures causing refluxes rapidly 

Fig. 356. Chronic reflux in patient with retroperitoneal metastases from carcinoma of coecum; continuous 
leakage of urine out into retroperitoneal space along psoas muscle 

close (Fig. 355). The reflux phenomenon may also be more or less chronic, however 
(Fig. 356). 

Reflux may also be of differential-diagnostic importance in traumatic renal rupture 
because the roentgen findings in small ruptures are the same as in reflux. This must be 
kept in mind at retrograde pyelography for suspected renal rupture. Urography in the 
acute stage of the disease does not give rise to this differential-diagnostic difficulty be
cause urography in the acute stage of suspected renal rupture is performed without the 
application of ureteric compression. 
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IX. Risks associated with reflux 

The most important risks from a roentgen-diagnostic point of view are those men
tioned above, namely the backflow may mask anatomic changes and, secondly, it may be 
misinterpreted as some pathologic process. Another risk is that, as mentioned, in retro
grade pyelography reflux may occur with "injection" of a large 'amount of contrast 
medium into the blood stream and consequent excretion. Retrograde pyelography is some
times used instead of urogra ph y in order to avoid the strain placed on the kidneys by the ex
cretion of contrast medium. In such cases the technique used for pyelography should be so 
gentle as not to cause reflux. CEDERLUND (1942) stressed that pyelography entails a great 
risk of large amounts of contrast medium being inadvertently injected into the blood
stream and POLITANO (1957) writes in a discussion of retrograde pyelography: "Obviously 
any substance unsuitable for intravenous use should not be used or used only with great 
care." 

As to other risks, many authors claim that reflux is important because it favors spread 
of infection in the kidneys and blood-stream, introduction into the blood-stream of de
pressants and of other substances secreted with the urine, etc. Much of the discussion is 
based on more or less unfounded assumptions. It falls beyond the scope of this presenta
tion of the roentgen-diagnosis of reflux. 

Q. Renal Transplantation 

Renal transplantation poses important problems for the roentgenologist. In living 
donors the roentgen examination has the purpose of showing that the proposed donor 
has two normal kidneys, that the arterial supply to the kidney to be transplanted is normal, 
i. e. that there is only one renal artery. Importance should also be attached to the anatomy 
of the main renal artery regarding caliber, length, level of bifurcation, etc. 

It is pointed out (POKIESER, 1971) that an angiogram of the donor may also be 
valuable for comparison if angiography is performed after transplantation. A positioning 
of a donor kidney on the contralateral side in the recipient patient will make necessary 
a rotation of 180 0 of the transplanted kidney, with the ventral surface at the dorsal side of 
the recipient. This should be borne in mind at comparison. 

The donor patient should have a roentgen examination of the chest. It is recommended 
that an upper-GI-tract examination also be made, in order to exclude ulcer (STARZL, 
1964), as a safety measure related to postoperative cortisone therapy. 

ALFIDI and MAGNUSSON (1972) propose angiography of removed kidneys before trans
plantation in order to detect thrombi and to study whether or not perfusion of the kidney 
is complete. 

The indication for roentgen examination after transplantation in the recipient is usu
ally oliguria or anuria. This can be due to stenosis or thrombosis in the arterial supply 
to the transplanted kidney, to abnormalities in the kidney parenchyma itself associated 
with immunologic rejection or ischemic tubular necrosis, or to disturbances in the out
flow from the kidney on the venous side or in the drainage of urine. Several other possi
bilities for complications can occur with fistula formation and leakage, rejection of the 
ureteric anastomosis, etc. (FLETCHER and LECKY, 1969). 

The findings to be expected or suspected in examination of patients who have been the 
subjects of renal transplantation are thus many. Specific changes are those caused by re
jection. Many papers cover these complications and their roentgenology (see, for example, 
RAPHAEL et al., 1969; KAUDE et al., 1970; SAMUEL, 1970; NAVANI et al., 1971). 

The basic roentgenologic procedure is plain films with estimation of renal size. Any 
type of postoperative complication usually means an increase in the kidney size. In order 
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to facilitate the estimation of size, it has been the praxis in certain transplantation 
centers to mark the kidney poles with silver clips during operation. 

The next procedure is urography. We usually prefer to perform angiography, however, 
as the expected changes are in most cases vascular. At the end stage of the angiographic 
procedures, a urographic examination is automatically offered by using the contrast me
dium injected for angiography and now excreted through the kidney. 

At angiography, ordinary conditions in the transplanted kidney do not differfrom those 
in the normal kidney (Fig. 357). At examination because of oliguria or anuria, the changes 
to be looked for are those in rejection and in tubular necrosis. The most common changes 

a b 

Fig. 357. Transplantation 5 months previously. Slight irregularity of proximal part of renal artery. Intrarenal 
arterial branches of ordinary caliber and shape. a) Arterial phase. b) Nephrographic phase. Kidney size and 

shape normal. Cortex well outlined 

are those in rejection. The primary site of immunologic rejection is the vascular endothe
lium (CALNE et al., 1963), with subintimal, round-cell infiltration and fibrin deposits result
ing in mural thrombosis with obliteration. In a material of 35 patients with transplan
tation SAMUEL (1970) found acute rejection of the transplanted kidney to occur at two 
main time periods: the first in the early postoperative period (7 days), and the second, 
between 32-37 days. 

No vascular changes are found at the very early stage of rejection. In later stages 
the changes, as found in clinical examinations and in experiments in dogs (KNUDSEN 

et al., 1967), are as follows: narrowing and stretching of the segmental and interlobar 
arteries with irregularities and obliteration in the arterial lumen ; non-filling of the peri
pheral arterial branches and marked decrease in density in the nephrographic phase. In 
early stages, the circulation time is ordinary, whereas in later stages a marked decrease 
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in flow can be noted, with persistent filling of the arteries from 10 to 15 seconds and no 
increase in density in the nephrographic phase (POKIESER, 1971) (Fig. 358-361). 

At repeat angiography following intensification of immunosuppressive therapy in 
such cases, a decrease in the edema of the kidney will be demonstrated, with decrease 
in size and diminished stretching and narrowing of the arteries, but the vascular changes 
may otherwise persist (KAUDE et al., 1970). In KAUDE'S et al. material of clear-cut rejec
tion, the arterial phase varied from 2.5 to 6 seconds. The arterial phase was normal in 

a b 

Fig. 358. Transplantation two weeks previously. Decreasing urinary output. At angiography a) arterial phase: 
slight stenosis at anastomosis between iliac artery and main renal artery. Intrarenal branches moderately stretch
ed. Cortical arteries not filled. b) Capillary phase: concentration of contrast medium in kidney low. No border 

between cortex and medulla. Beginning of rejection 

three patients with mild rejection, which means one to two seconds determined by the 
interval between the appearance of the last portion of the contrast medium in the main 
renal artery and the emptying of the peripheral arteries. 

Marked progress of rejection causes occlusion of the peripheral branches of the inter
lobar arteries, including branches descending into the medulla as well as the primary 
interlobar vessels themselves, resulting in cortical necrosis. In the material of KAUDE 

et al. the response to immunosuppressive therapy was seen to result in conversion of the 
angiographic findings of acute rejection to those of healed or chronic rejection, with re-
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duction of caliber of the renal artery and irregular arterial lumina due to organized sub
intimal infiltration and interstitial fibrosis. In addition, the number of interlobar arteries 
was reduced because of obliteration of vessels. 

The second cause of oliguria-anuria is ischemic tubular necrosis due to prolonged 
renal ischemia before or during grafting or to vascular changes during rejection. The com
bination of rejection and ischemic tubular necrosis is thus common. 

In ischemic acute tubular necrosis KAUDE et al. found the circulation time to be only 
slightly prolonged. Focal irregularities could be noted in some smaller vessels as a result 

a b 

Fig. 359. Chronic glomerulonephritis and interstitial nephritis for 10 years. Hemodialysis for past two years. 
Transplantation six weeks previously with A-match kidney which had been perfused during the night prior to 
operation. Angiography: a) arterial phase: kidney moderately enlarged. Intrarenal branches stretched. No fining 
of arcuate arteries. b) N ephrographic phase: charging of kidney parenchyma with contrast medium lower than 
normally. No distinct border between cortex and medulla. No venous filling. Only slight excretion. - Rejection 

of localized vasculitis. These were the only arterial changes present. The nephrographic 
effect was fairly good, although the borderline between the cortex and the medulla was 
hard to define. Filling of the renal veins was observed, actually with increased concentra
tion of the contrast medium in the veins as a result of the absence of kidney function. 

The non-function of the transplanted kidney at the angiographic procedure is found 
in some instances to be due to occlusion of the artery by thrombosis and in later stages 
to stenosis at the area of the anastomosis. SAMUEL (1970) points out that some degree of 
arterial narrowing invariably occurs at the site of the arterial anastomosis and can be demon
strated in the arteriogram. WHITE et al. (1972) in 9 patients with early postoperative kidney 
transplant dysfunction demonstrated the cause of transplant failure in seven cases to be 

27 Handbuch der med. Radiologie, Ed. XIII!l 
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a 

Fig. 360. Renal artery in connection with transplantation. 
Patient with interstitial nephritis, hypertensive disease, 
and rapidly progressing renal insufficiency. Renal trans
plantation. a) Angiography because of increase in hyper
tension three months after transplantation: marked stenosis 
in main renal artery. b) Re-operation with complications. 
Complete occlusion of renal artery. Two-centimeter-Iong 
venous graft was inserted and circulation restored. c) An
giography one week later: kidney size diminished. Marked 
irregular stenosis in several intrarenal branches. Decrease 
in caliber of branches generally. Multiple arterial occlusions 
in periphery. In later phase: marked shunting to veins was 
seen. No excretion into kidney pelvis. Conclusion: marked 

arterial intrarenal damage 

b 

c 
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a b 

c d 

Fig. 361. Transplantation two days previously. Markedly diminished diuresis. Angiography, a) arterial phase; 
b) nephrographic phase: slight irregularity at anastomosis. Intrarenal arteries normal. Good charging of kidney 
parenchyma with contrast medium: Delineation of border between cortex and medulla slightly less marked 
At pyelography normal conditions were found. Diuresis increased. Angiography was again performed nine 
months later because of decrease in renal function. c) Arterial phase: 5 mm.long stenosis at anastomosis between 
iliac artery and main renal artery. Intrarenal arteries moderately stretched and irregular. Lack of filling in peri. 
pheral part of kidney. d) Nephrographic phase: decrease in charging of kidney parenchyma with contrast 

medium. No border between cortex and medulla. Moderate increase in kidney size. Chronic rejection 
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arterial stenosis, renal vein thrombosis, or massive pelvic hematoma. Prompt recognition 
and correction of these complications led to prolonged survival of the renal transplants 
in four of the nine patients. 

Other causes of oliguria or anuria may be renal failure secondary to urinary obstruc
tion. In the latter case the nephrographic effect is persistent for several seconds and a mark
ed delay in filling of the kidney pelvis or a complete delay of excretion can be noted. 
In some cases dilatation of the kidney pelvis and filling defects in the kidney pelvis due 
to coagula can be seen. 

a b 

Fig. 362. Transplantation six months previously, after one year of dialysis. Now decrease in kidney function. 
Angiography: a) arterial phase: moderate stenosis at anastomosis between right iliac artery andmainrenalar
tery. Arteriovenous fistula at middle of kidney. b) N ephrogra phic phase: large irregular infarction in caudal 
lateral part of transplanted kidney; otherwise kidney size and shape are normal. Border between cortex and 

medulla well marked. No signs of rejectIOn 
At angiography seven months later, the arteriovenous fistula was found to be closed 

Arteriovenous fistula may be seen postoperatively as another complication (Fig. 
362). In a patient who has undergone transplantation lymphocele may be formed in the 
region of the operation site. 

Roentgen examination of the chest is important in the postoperative stage, in order 
to check for bronchial pneumonia and pulmonary edema due to anuria. The preliminary 
changes may be markedly influenced by immunosuppressive therapy. 

The problems in autotransplantation in stenosis of the renal artery are about the same 
as in other types of transplantation. 
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R. Miscellaneous changes particularly of the ureter 

Since the ureter is exposed to essentially the same injurious agents as the kidney and 
the renal pelvis, a large number of diseases can occur simultaneously or successively in the 
kidney pelvis, the ureter, and the bladder, with primary or secondary involvement of 
the ureter. Therefore the normal roentgen anatomy and physiology of the ureter was de
scribed in the section on examination methods. For the same reason, the pathology of 
the ureter has been included in special chapters on tumor, tuberculosis, stone, anomalies, 
trauma, urinary tract dilatation, etc. The ureters, however, can be affected by a wide 
variety of other pathologic changes calling for supplementary consideration. 

Since the ureter is simply a duct for transporting the urine formed in the kidneys 
and accumulated in the renal pelvis to the bladder, and since this pathway is long and nar
row, most of the pathologic changes of the ureter obstruct drainage. Some of these changes 
have been described in detail in the chapter on urinary tract dilatation. Others have been 
mentioned but call for further description, while still others have not been included in 
previous chapters. 

I. Ureterocele 

A ureterocele is a widening of the distal part of the ureter ballooning into the bladder 
(Fig. 363). It is also called ureteric cyst or ureteric phimosis. The nomenclature is not 
strictly correct. As pointed out by BETOULIERES et al. (1959), the name ureterocele means 

a b 

Fig. 363. Schematic drawing: a) Ureterocele. b) Ureteric prolapse. (After STAEHLER 1959) 

literally a prolapse of the ureter into the bladder. Ureter cyst or cystic dilatation of the 
ureter, on the other hand, should mean a closed formation. Therefore in the French 
literature the term "dilatation pseudo-cystique de l'uretere terminal" has been used. In 
English the condition is usually referred to as ureterocele. 

The distal end of the ureter shows a round or, in most cases, oval widening (Fig. 364). 
Since this end bulges into the bladder under the mucosa, it will appear in the cystogram 
as a filling defect at either or both of the ureteric orifices. Upon simultaneous filling of 
the ureter and bladder, as often in urography, the dilated end of the ureter will be filled 
with contrast medium which is separated from the contrast medium in the bladder by a 
defect a few millimeters wide. This defect corresponds to the wall of the ureter and the 
bladder mucosa. 

The size of a ureterocele varies widely, depending in part on whether or not the ure
teric orifice is obstructed. It may consist of such a slight widening of the end of the ureter 
that it may not be demonstrated in the urogram unless films are taken in proper projection' 
with suitable contrast filling around the ureteric orifice. The filling of a small ureterocele 
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a b 

c 

Fig. 364. a) Bilateral ureterocele, small on left side, larger on right side. Moderate dilatation of distal parts of 
ureters (in addition, catheter with air-filled balloon in bladder)_ b) Large ureterocele filling great part of bladder. 
Ureterocele originates at distal end of ureter to left kidney. No excretion on this side (later examination demon
strated marked hydronephrosis and hydro-ureter on this side). Slight dilatation of double ureter on right side. 

Frontal view. c) Lateral view 

may also be intermittent, depending on the flow of urine in the ureter. It may also vary 
with the extent to which the bladder is filled and disappear on distention of the bladder. 

Ureteroceles can also assume considerable proportions, however, and can fill almost 
the entire bladder (RUHDE, 1948) (Fig. 364). A large, round, symmetric or asymmetric, 
well-defined formation is then seen, surrounded by a layer of contrast medium in the blad
der. The ureterocele itself is not filled with contrast. In such cases urination is difficult 
simply because the ureterocele obstructs the internal vesical orifice (GUTIERREZ, 1939). 
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When a ureterocele of this type occurs in a man of middle or old age, differentiation from 
prostatic hyperplasia is important. 

As mentioned earlier, dilatation of the ureter draining the cranial renal pelvis is 
common (see chapter on urinary tract dilatation). At urography in such cases, the renal 
pelvis and the ureter will be shown to be widened. A ureterocele of varying size will be 
seen in the bladder. The ureteric orifice is often ectopic. The ureterocele is then usually 
situated near the midline in the base of the bladder and near the bladder neck (Fig. 365). 
In females, if the ureteric orifice is ectopic, the ureterocele can prolapse out through the 
urethral orifice. On straining, a ureterocele in the bladder at the internal orifice can be 
pressed out into the urethra. When a ureterocele causes stasis, only one of the ureters may 

Fig. 365. Ureterocele at distal end of one of two left ureters. This ureter, corresponding to a markedly dilated 
cranial renal pelvis in double kidney, runs around left and caudal part of the bladder and opens at the bladder 

neck 

be widened, i. e. that which has a ureterocele. It may also involve the other ipsilateral ureter 
and occasionally the ureters on both sides according to the position and size ofthe uretero
cele. 

If the ureterocele has developed in the posterior part of the urethra, urethrocysto
graphy will give more detailed information than urography. Occasionally, unilaterally or 
bilaterally, a ureterocele may lie within a vesical diverticulum (MCCALL, 1972). Stasis in 
the ureter favors stone formation, and the finding of one or more concrements in or above 
a ureterocele is not uncommon. A concrement situated at the ureteric orifice and seen in 
the cystogram, separated from the contrast filling of the bladder by a contrast-free zone, 
is pathognomonic of concrement in a ureterocele (AKERLUND, 1935). The finding is thus 
the same as contrast in the ureterocele, with simultaneous filling of the bladder, as des
cribed above. Sometimes, however, a stone of ordinary appearance may be seen above 
a ureterocele or several concrements moving freely in the ureter (PETRovcrc and DUGAN, 
1955). 

II. Ureteric prolapse 

Ureteric prolapse is rare. It consists of an invagination of the ureter through the 
ureteric orifice (Fig. 363). The formation bulging into the bladder thus has the ureteric 
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lumen in the middle surrounded by a wall of ureteric mucosa. It appears in the contrast
filled bladder as an oblong filling defect in the direction of the ureter (WEMEAU, LEMAITRE 
and DEFRANCE, 1959). 

III. Ureteric endometriosis 

In endometriosis of the adnexa and peritoneum, the ureters may become involved. 
Bladder endometriosis can also affect the ureters if it is situated near the ureteric orifice. 
Endometriosis localized to the ureter is rare. Cases have been described by RANDALL 
(1941) and by KAIRIS (1958). Most authors have reported only a single case. A narrowing 
is seen in the distal part of the ureter. Its appearance is not characteristic. Endometri
osis should be suspected if urinary symptoms are found to be due to a narrowing of the 
distal third of the ureter in a woman who reports that the symptoms usually increase 
in severity in connection with menstruation. 

IV. Herniation of the ureter 

A case has been described by LINDBOM (1947) in which at urography in a patient with 
repeated left-sided attacks of renal colic over a period of eight years, hydronephrosis was 
revealed on the left side, and at retrograde ureterography with a bulb catheter a loop of 
the ureter was shown which resembled a hernia protruding in the direction of the sciatic 
foramen. The loop was constricted at the neck and the ureter was dilated above the con
striction. Thus the diagnosis was ureteric herniation in the sciatic foramen, obstructing 
flow. Operation verified this finding. 

More such cases have since been described in the literature (BOLIVERT, 1971). This 
lesion may be unilateral or bilateral and mayor may not be associated with obstruction 
of the ureter. 

The ureter can also herniate down into a scrotal hernia (JEWETT and HARRIS, 1953). 

V. Ureteric diverticula 

Small diverticula have been described, but not verified, in the presence of ureteric 
changes (HOLLY and SUMCAD, 1957). Small and large congentital diverticula have been 
reported in a few cases (see Fig. 51 in chapter on anomalies). They may calcify (Mc 
GRAW and CULP, 1952) and become so large as to contain one liter of fluid. As a rule, 
however, they are smaller and may occur anywhere along the ureter. They are usually 
diagnosed as strictures because the neck of the diverticulum is narrow and it is therefore 
difficult to obtain a filling of the diverticulum. 

VI. Ureteric involvement by aortic aneurysm and other pathologic processes 

Cases have been described (CRANE, 1958, for example) in which an aneurysm in the 
lumbar aorta caused hydronephrosis by pressing against or through extensive collagenous 
connective tissue formations encasing the ureter. An aneurysm may also displace one 
or both of the ureters (Fig. 366. See also Fig. 29 in chapter on examination methods). 
Such a displacement can also be caused by marked tortuosity of the aorta with aneurysm 
formation. The cause of the displacement is easily demonstrated when calcifications, if 
only slight, are present in the aorta wall. Other pathologic processes may cause displace
ment of the ureter, such as enlarged lymph glands (see Fig. 30 in chapter on examina
tion methods). A bladder diverticulum may also cause ureteric displacement (Fig. 367). 



Fig. 366 Fig. 367 b 

Fig. 367 a 

Fig. 366. Displacement of cranial part of left ureter by moderately dilated tortuous lumbar aorta with wall 
calcifications 

Fig. 367. Urography: a) displacement of left ureter markedly medially by b) large bladder diverticulum 
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VII. Regional ureteritis 

Ureteritis is common in inflammatory processes of the urinary tract, such as pyelone
phritis, or secondary to processes above the ureter, e. g. pyonephrosis, or in processes 
located immediately outside the ureter such as appendicitis, salpingitis, regional entero
colitis. It may also be secondary to a condition within the ureter, e. g. stone. Stones in 
such cases can occasionally be difficult to discover; they may be situated in a decubital 
lesion in the ureteric wall and later cause formation of scars and mucosal hyperplasia 
with long, severe ureteric stenosis as a result (ELLEGAST and SCHIMATZEK, 1957). 

Primary inflammatory infiltration along a few centimeters of the ureter has been 
described as causing moderate dilatation of the urinary tract (DREYFUSS and GOODSITT, 
1958; NORING, 1958). This so-called regional ureteritis has no special characteristics. Ure
teric changes with irregular narrowing along considerable lengths of the ureter can occur 
in periarteriitis (polyangiitis nodosa) (FISHER and HOWARD, 1948). 

VIII. Peri-ureteritis obliterans, retroperitoneal fibrosis 

This disease was first described by ORMOND (1948). It is also called primary retro
peritoneal inflammatory process, or primitive peri-ureteritis but the name retroperitoneal 
fibrosis, proposed by DINEEN et al. in 1960, is the most commonly used. A large number of 
papers have been published on this subject (see KAUDE et al., 1964). 

Patho-anatomically, retroperitoneal fibrosis may be diffuse, local, or segmental, and 
involve the aorta, the inferior caval vein, the common iliac vessels, the kidneys, and one 
or both of the ureters. The process does not often extend above the level of the kidneys 
and seldom below the sacral promontory. It may have a pericystic extension, however. 
About two-thirds of the cases reported occur in males and there is a prevalence in the 
fourth to sixth decades of life, although the condition may occur at any age. The most 
common complaint is back pain of a dull character but occasionally with acute attacks. 
The patient loses weight and often has a marked sense of fatigue. If bilateral, the process 
may cause marked stasis ending in anuria. 

In plain films of the urinary tract it may not be possible to outline one or both of the 
kidneys. The same holds for the psoas muscle. Ordinary conditions are seen at urography 
in early stages of the disease. In later stages, a cone-shaped stenosis caused by ureteric 
compression may develop, ending in complete obstruction. This obstruction is usually at 
the level of the fourth and fifth lumbar vertebrae but any part of the ureter may be 
involved (Fig. 368). The engagement may be short or long, and the ureter and the renal 
pelvis above may be dilated. Pyelonephritic changes are often present. Narrowing of 
the aorta and the common iliac arteries at angiography has been reported (HACKETT, 
1958). 

Retroperitoneal fibrosis may be "idiopathic" or it may be secondary to other inflamma
tory conditions such as pancreatitis and spondylitis. Peripelvic urinary extravasation 
may also be responsible for fibrous reaction of the retroperitoneal space. 

It must be stressed that changes of this type can be caused by malignant conditions 
such as lymphosarcoma and adenocarcinoma primary in the kidney. 

Plastic perinephritis may be seen higher up around the entire kidney. It has also been 
called perirenal fascitis, representing a chronic inflammation in Gerota's fascia, resulting in 
a stricture of the ureter with anuria. 

It has been discussed whether or not these two diseases may represent one and the 
same clinical entity. HUTCH et al. (1959) believe that although these two diseases have some 
features in common and may ultimately prove to be related, they should be considered 
separate entities. The authors claim that the plastic periureteritis may be unilateral and 
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Fig. 368. Retroperitoneal fibrosis. Marked stenosis of ureter at the level of the lumbar vertebra nr. 4. Moderate 
dilatation cranially to stenosis. 

that the ureter can also be changed in its pelvic parts, which is not the case in plastic 
perinephritis. 

IX. Bilharziosis 

In cases of infection with Bilharzia, changes of a hyperplastic type can occur in the 
ureter with abundant small papillomatous formations which may calcify. The changes may 
also be of a hypoplastic type, however, with mucosal atrophy. In both types the lumen 
of the ureter is irregularly narrowed and may be obstructed (MAKAR, 1948). 
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X. Amyloidosis 

In amyloidosis, primary or secondary, the kidneys and urinary pathways may occasi
onally be involved. It is usually the bladder that is the seat of amyloidosis. Oases of this 
disease in the renal pelvis and ureter have also been reported, however, although mostly 
in the patho-anatomic literature (AKIMATO, 1927, etc.). Such cases have also been describ
ed from a clinical point of view and it has been stressed that on involvement of the ureter 
the lumen may be narrow and the length of the ureter involved may appear rigid (GIL
BERT and Mc DONALD, 1952; HIGBEE and MILLETT, 1956; ANDREAS and OOSTING, 1958). 
It has been shown that the narrowing is a progressive condition and in the course of 
several years can come to block the ureter entirely, with hydronephrosis as a result 
(HIGHBEE and MILLET, 1956). 

The changes described above have no common features which may be described as 
characteristic of the condition, but amyloidosis should be borne in mind as a possible cause 
of ureteric stricture and in differentiating between ureteritis and tumor. 

XI. Leukoplakia 

Leukoplakia means a change from ordinary epithelium to squamous epithelium charac
terized by keratinization. It may occur in any part of the urinary tract, such as in the renal 
pelvis and/or in the ureter. It is regarded as a pre-cancerous lesion. The disease is rare. 

Leukoplakia may be so severe as to cause complete stenosis of the ureter or wide
spread mural changes with multiple, moderately irregular strictures. It may involve 
only a part of the ureter wall or of the renal pelvis and cause slight narrowing, or it 
may cause a slight rigidity ofa minor part of the wall of the renal pelvis. It can also mani
fest itself as filling defects in the renal pelvis or as a high mucosa demonstrable in part of the 
renal pelvis and resembling papillomatosis. Neither this type of change nor total obstruction 
is characteristic of the disease, however. Therefore, as a rule, specific diagnosis cannot be 
made roentgenologically. Roentgen examination may give a clue but the diagnosis must 
be established by other methods. It has been stressed (FALK, 1954) that squamous epithe
lium in large amounts can be found in the urinary sediment. If leukoplakia in the bladder 
has been diagnosed by roentgenology and cystoscopy, any changes in the ureter and 
renal pelvis of the type described above may be diagnosed as leukoplakia. 

XII. Pyeloureteritis cystica 

Multiple inflammatory cysts occur in the wall of the urinary tract in pyelitis, ureteri
tis, and cystitis cystica. They are often seen in the entire urinary pathways, but may be 
localized only to the renal pelvis or the ureter or, more usually, only to the bladder. The 
cysts may be single or numerous (Fig. 369). 

Ohanges may be bilateral, but they are more frequently unilateral. They vary in size 
from large cysts obstructing flow in the ureter, to small and single mural excrescenses. 
They are more common in the proximal part of the ureter in contrast to papilloma, which 
is usually located in the distal portion of the ureter. 

Roentgenologically diagnosed pyeloureteritis cystica was first described in 1929 
(JACOBY; JOELSON). The cysts produce filling defects in urograms and pyelograms (Fig. 
368). If the cysts are numerous, some of them will always be seen along the margin as 
outgrowths from the ureteric wall. This gives the ureter a very irregular outline. If the cysts 
are numerous and if some of them are large, the diagnosis is thus made easy. Upon detec
tion of a single cyst, the roentgenologist should try to demonstrate it in suitable projections 
and show that the defect is projecting from the wall and is of fixed localization. 
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It has been stated that a dilatation of the ends of the major calyces, with narrowing 
of the stems of the calyces and a cystic dilatation at the pelviureteric junction and of the 
ends of the major calyces, are characteristic of the disease (HINMAN et al., 1936). These are, 
however, neither obligatory nor typical of this disease. 

Instead of being cystic, the pelvic and ureteric mucosa may be granular, so-called 
granular pyelitis, which resembles pyelitis cystica roentgenologically. The defects are 
smaller than those produced by cysts. 

Fig. 369. Pyeloureteritis cystica 

XIII. Ureteric stump after nephrectomy 

After nephrectomy has left behind part of the ureter, there is the possibility of the 
maintainence or development of a pathologic process in the stump. A tuberculous or un
specific ureteritis can thus cause persistent pyuria and bacilluria (Fig. 370). Even where 
the ureter is not involved at the time of operation, infected material can be transported 
and deposited in it via reflux from the bladder. Cases have been described in which py
oureter has flared up after several years of normal urinary findings after operation for 
stone pyonephrosis, whether or not stones were left in the ureter (DAVISON, 1942 
LIVERMORE, 1950; BENNETTS etal., 1955). In cases of shrunken bladder, the stump of 
the ureter may develop into a supplementary bladder and thereby increase the urinary 
reservoir. 

It is also known that carcinoma can develop in the ureteric stump, even in patients 
in whom nephrectomy was performed, although not because of tumor (LOEF and CASELLA, 
1952). 

The question 'whether or not primary ureterectomy is indicated is debatable and in
dications vary. RIESER (1950) recommends that retrograde pyelography be performed 
regularly with contrast filling of the ureter, the drainage of which should be checked. 
A film taken about one to two hours after retrograde injection of the contrast medium 
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will indicate whether or not the contents of the ureter will be voided after nephrectomy. 
The information thus obtained should prove to be of crucial importance and of material 
assistance in arriving at a definite decision concerning the indications for ureterectomy. 
Although such a procedure may be of great importance in some instances, it cannot be 
accepted as a necessary routine measure. 

Fig. 370 Fig. 371 

Fig. 370. Ureteral stump after heminephrectomy in double kidney with pyelonephritis. Ureteric stump dilated. 
Persistent urinary infection 

Fig. 371. Ureterosigmoidostomy after extirpation of bladder two months previously. Passage of barium from 
rectum to urinary tract during examination of colon 

XIV. Ureteric fistulae 

In connection with bladder extirpation, operative fistulae may be formed between 
one or both ureters and the bowel. During urography contrast medium is seen to pass from 
the ureter into the bowel. When a fistula is formed between a ureter and the colon, the 
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passage of barium contrast medium during colon examination can be seen in retrograde 
direction into the ureter and the kidney pelvis (Fig. 371). In patients with operative 
fistula between urinary pathways and the bowel at urography or pyelography, different 
stages of stasis can be seen on one or both sides because of edema or shrinkage of the anasto
mosis (Fig. 372). From the bowel gas can pass in retrograde direction up into one or 
both of the renal pelves. 

Fig. 372. Anastomosis between both ureters and small bowel after extirpation of bladder. Slight dilatation of 
distal part ofleft ureter. Right kidney pelvis and ureter moderately dilated 

Fistula formation may also be caused by an operative procedure unintentionally, 
mainly in operations on the rectum or sigmoid colon or in connection with gynecologic 
operations. Fig. 373 demonstrates a short fistula between the dilatated part of the ureter 
above a ureteric scar formation in the left horn of the vagina and Fig. 374 shows a fistula 
between both ureters and the corresponding lateral walls of the vagina. 

In inflammatory lesion, tumor and trauma fistula may be found between ureters and 
adjacent organs or out in the retroperitoneal space or on the skin surface. 
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Fig. 373 Fig. 374 

Fig. 373. Short thin fistula between distal part of dilated ureter above short ureteric stenosis. Fistula ends in 
left horn of vagina 

Fig. 374. Fistula between both ureters and corresponding horns of vagina as complication after gynecologic 
operation 



Part II: 
Roentgen diagnosis of the distal part 

of the urinary tract 
By 

Olle Olsson 

A. Introduction 

In the examination of the distal part of the urinary tract, basic conditions are the 
same as described in the introduction to the earlier part of this volume "Roentgen examina
tion of the kidneys and the ureters." One point should be stressed specifically: radiation 
protection. As the genital organs are within the beam at roentgen examination of the blad
der and the urethra, special care should be taken to avoid radiation to ovaries and testes. 

The same importance should be attached to the proper preparation of the patient as 
is stressed in the previous chapters. The patient should be informed correctly and thorough
ly as to the nature of the examination since there may be discomfort and embarrassment 
in some cases. The informational preparation of the patient also facilitates that coopera
tion with physician and staff which is essential in the performance of certain types of 
examinations. 

Strict adherence to precautions for the avoidance of infection is also necessary. 
Finally it should be pointed out that although cystoscopic methods may provide 

important information in many cases of bladder disease or suspicion of such, the roent
genologic method has nevertheless a very important role. 

B. Examination methods 

I. Plain radiography 

Survey films of the bladder should be made in a projection with the tube angulated 
to direct the beam along the long axis of the small pelvis, with the patient in supine po
sition. This projection will give exposure ofthe distal parts of the ureters and ofthe bladder 
without overprojection of the pelvic skeleton. A great part of the circumference of the 
bladder, mainly the cranial part, can be seen because of the fat layer on the outer surface 
of the bladder (Fig. 375). 

In females the corpus of the uterus can often be seen, usually forming an impression 
in the bladder. 

The boundaries of the bladder may be difficult to outline at bladder distention. In
stead, a large soft tissue mass is seen, filling out the small pelvis and continuing cranially, 
with displacement of the bowel. 

Calcifications can be seen in the soft tissues of the small pelvis. Most common are the 
so-called phleboliths, which represent calcified thrombi in vein branches (Fig. 376). They 
can vary in size from hardly perceptible to several millimeters in diameter. They may be 
single or multiple, unilateral or bilateral. They may be numerous on one side, single or 

28 Handbuch dcr med. Radiologie, Ed. XlIIjl 
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entirely absent on the other. They usually have a fairly high calcium content and often 
have a concentric layer formation with less density centrally. It may sometimes be diffi
cult to differentiate a ureteric stone from a phlebolith. 

Calcifications are often seen in the prostatic gland in adults. These calcifications are 
irregular and may vary in size from very small to large conglomerates. The calcium content 
may vary and the size may be different on both sides. Sometimes prostatic calcifications 
are unilateral. Calcifications can sometimes be seen unilaterally or bilaterally in the vas 
deferens, the ampulla, and the seminal vesicle. 

In adult females, calcifications of different size, calcium content, shape and number 
may be seen in the uterus, representing calcified necrotic myomas. Occasionally tooth
shaped calcifications can be seen, representing tooth anlage in a dermoid cyst. Such a 
cyst may also be so diagnosed because of a fat content which makes it absorb less radiation 
than does the surrounding area. The fluid content is occasionally partly fat, partly detritus 
with globulin and albumin fractions. In such cases a layer formation may be seen within 
the cyst at examination with horizontal beam (HELLMER, 1937). The dermoid cyst 
may also contain wall calcifications. 

Calcifications in the walls of the pelvic arteries are common and present no diagnostic 
difficulties. 

Calcified lymph glands may occasionally be seen. 
Calcified appendices epiploicae from the bowel are not infrequently seen, and are usu

ally single. 
After lymphography, contrast filling of pelvic lymph glands may persist for a consider

able length of time. Contrast filling of the appendix or part thereof and of single or multiple 
colon diverticula, small to very large in size, may be seen as residue after a barium exam
ination of the GI tract. 

Diagnostically important changes in the parts of the skeleton exposed in films of 
the bladder may be seen, changes such as metastases of prostatic carcinoma, changes 
in the sacro-iliac joints indicating ossifying pelvospondylitis, fresh and healed fractures, 
etc. 

II. Urethrocystography 

Urography in many instances is a very important examination in diseases of the blad
der and the urethra because many pathological processes occur concomitantly in the upper 
and lower urinary tracts. Another reason is that disease in the lower urinary tract may 
affect the kidneys and the ureters secondarily through blockage of urinary flow, for example. 
Urography is often therefore the basic method in lesions of the lower urinary tract. The 
examination includes close study of the bladder in suitable projections, with suitable 
penetration of the radiation, and suitable degree of filling of the bladder. Micturition ure
thrography may also be performed in connection with urography. 

The most common method of examination of the bladder and the urethra, however, 
is contrast filling, usually by the injection of contrast medium through the external ure
thral orifice. As the bladder and the urethra are usually examined in the same session, 
the method is most often called urethrocystography or cystourethrography. 

The first publication on roentgenologic examination of the urethra was written by 
CUNNINGHAM in 1910. He used a 50 % argyrol solution as a contrast medium in order to 
demonstrate strictures in the anterior part of the urethra. 

Detailed anatomic studies of the entire urethra were made in the years 1921 (How
DIECK et al.) and 1922 (BECLAIR and HENRY, JANSSEN). Since that time a very large number 
of papers and monographs on urethrocystography have appeared with the introduction 
of new contrast media, presentation of new observations, and attempts to define techni
ques and indications (see, for example, monographs by KNUTSSON, 1935 and EDLING 
1945). This has led to adoption, in this field also, of basic roentgenologic principles with 
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the roentgenologist taking full responsibility for the examination, the application of 
examination techniques with variations necessary to the study and demonstration of nor
mal anatomy and physiology and the use of this knowledge in the study and documen
tation of pathologic conditions. 

New recording techniques have come into wide use in this process, such as fluoroscopy 
using image intensification, cine-radiography, and rapid sequence image intensifying fluoro
graphy. The use of image intensification permits considerable reduction of the radiation 
dose, which is of particular importance in the examination of organs directly related to 
the genital glands. The genital glands may be directly exposed to radiation, or at least 
to a large amount of scattered radiation, in spite of close collimation, practically always 
in females and very often in males. The fluoroscopic dose can generally be reduced by a 
factor of 10 through the use of image intensification, as compared to conventional fluoros
copy. Recording with image intensifying fluorography, as demonstrated by KAUDE et al. 
(1969) can reduce dose to 10-30 % of that used in conventional radiography. 

The least suitable method seems to be cine recording. High radiation dose in combi
nation with poor resolution is the reason. This method should therefore be used only 
exceptionally, as should videotape recording. 

Technique of examination 

a) Instrumentation 
The contrast medium is injected into the external urethral orifice through a cannula 

with a cone-shaped mouthpiece. This mouthpiece is introduced into the urethra and se
cured by a penis clamp (KNUTSSON, 1929, 1935). 

A special appliance originally intended for urethrography in females was devised by 
KJELLMAN in 1952. This instrument is constructed on the principle of suction for ad
herence to the mucuous membrane surrounding the orifice of the urethra in the female. 
A catheter may be used instead in patients with hypospadia. An instrument designed by 
GULLMO in 1956 has been found to be very useful in cases of hypospadia and of urethral 
fistula. It contains a set of syringe cannulae with a terminal cone ranging in diameter 
from 2.5 to 11 mm. The cannulae are chosen to fit firmly the opening of the urethra. 
Occasionally, especially in children, the contrast medium may be introduced into the 
bladder through a thin catheter. 

A special method to expand the posterior urethra has been designed by GULLMO and 
SUNDBERG (1957) They use a three-channel catheter with an inflatable balloon which cuts 
off the posterior part of the urethra. The anterior part is occluded by tying a thin rubber 
tubing around the root of the penis. One of the channels in the catheter is used for draining 
the urinary bladder, one is used to inflate the balloon, and the third for the injection of 
the contrast medium. A good filling of the posterior part of the urethra may be obtained 
with this method. In addition, a good filling of the prostatic utricle can be secured, as can 
a good filling of the prostatic ducts. 

Antegrade cystourethrography can be performed through injection of contrast medium 
often through percutaneous puncture of a dilated bladder, or via a bladder fistula or a 
cystostomy. 

b) Contrast medium 
Iodized oil was used for many years as contrast medium for injection into the urethra. 

This type of contrast medium is now completely abandoned because of the risk of fat 
embolism through urethro-cavernous reflux. Thorotrast has also been used. The risk of 
spreading this medium via the blood stream is obvious, with the danger of storage in 
reticulo-endothelial elements and other types of retention of this radio-active substance 
in the body. 

28* 
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Some authors recommend barium suspension as a contrast medium in order to obtain 
high absorption. The disadvantages ofthis type of medium are obvious for many reasons. 
STENSTROM and ELO (1971), for example, report on three cases of nephrobarinosis observed 
after urethrocystography with a barium sulphate suspension. The reflux to the kidneys ofthe 
barium sulphate suspension could cause deposition of barium in the renal parenchyma 
out under the capsule. In one case the reflux contributed to a serious episode of infection 
which after one year led to renal atrophy. 

The commonly used contrast media are water-soluble media of the type used in uro· 
graphy, occasionally slightly modified for this specific use. The medium is often marketed 
in instillation bottles, the contents of which should be used for only one patient. 

General reactions and counter-indications are the same as those described in the 
earlier chapter on contrast media in urography. 

As some water-soluble media may have a slightly irritating effect on the mucosa, 
the injection of such a medium should be preceded by application of a local surface an
esthetic. KJELLBERG et al. recommend the use of an injection of 5-10 cc of Xylocain gel 
(Astra, Sweden) into the urethra in order to prevent the discomfort caused by the intro
duction of the catheter in boy patients. The medium also acts as a lubricant for the 
catheter. 

MORALES and HEIWINKEL (1948) designed a medium using carboxy-methyl-cellulose, 
in order to increase the viscosity of water-soluble media. The medium, Umbradil Viscous U 
(Astra, Sweden), was a development ofVasco-Reopaque (Hoffmann-Laroche, Switzerland) 
in which a combination of the contrast medium with polyvinyl alcohol caused increased 
viscosity. One of the advantages of increased viscosity is considered to be a distention of 
the posterior part of the urethra because in injection the turbulence of the contrast fluid 
is eliminated. However, the resistance is great, and the injection pressure high. As the 
velocity is nevertheless low, the pressure against the urethral wall will be high, causing 
expansion of the lumen (MORALES and ROMANUS, 1952). 

c) Roentgen anatomy of the bladder 
The base of the bladder has a triangular surface between the ureteric openings later

ally and the urethral orifice caudally. Between the ureteric orifices the interureteric ridge 
projects into the bladder. The vertex ofthe bladder is connected with the fibrous remainder 
of the urachus. The part between the fundus and the vertex is called the corpus of the 
bladder. 

The bladder is localized in the small pelvis but upon filling rises into the abdomen. 
The greater part of the bladder is in contact with the pelvic floor and the anterior abdomi
nal wall. Muscle fascicles continue from the bladder to adjacent structures. The bladder 
is only cranially and posteriorly covered by the peritoneum and by a subperitoneal fatty 
layer. 

As described above, in plain films of the small pelvis the upper part of the bladder is 
usually well seen because of its delineation through the subperitoneal fatty layer. In 
females the corpus of the uterus can usually be seen also, together with the connection 
between it and the bladder. 

Phleboliths are often seen, single or multiple, large or small, unilateral or bilateral, 
in all variations. 

Prostatic calcifications, large or small, usually irregular and bilateral but occasionally 
unilateral, are often seen, and are seen regularly in elderly patients. 

Calcification in the vasa deferentia is common in diabetic patients. It has been shown 
by KING and ROSENBAUM (1971) that the onset of radiographically visible calcium depo
sition in the vasa occur usually ten years later in non-diabetic men than in patients with 
diabetes. 
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When the bladder is covered by extraperitoneal fat, the thickness of the bladder wall 
can be estimated, as it can also when perivesical pneumography is performed. The normal 
bladder wall thickness is approximately 3 mm at moderate distention. 

With the method designed by KJELLBERG et al. (1957) for urethrocystography during 
voiding, it is possible to study the shape of the bladder and the change in shape and size 
when the detrusor function is in operation. 

A thorough study of micturition in normal women, using urethrocystography and 
simultaneous pressure flow measurements, was made by PALM (1971). Refound that the 
bladder changed its shape during the transition from resting to activity, becoming more 
circular. At the same time a serrated mucosal relief appeared from the inter-ureteric crest 
upwards to the vertex. The descent of the bladder during micturition was expressed by 
the urethral inclination angle in relation to the horizontal plane. It decreased averagely 
from 40° at rest to 28° during maximum flow. In cases of urinary tract disease frac
tionated micturition was often found, with obstructions of functional nature, presumably 
due to deficiency in or absence of relaxation of the external sphincter. The most character
istic hydrodynamic and radiographic features were found when an organic obstruction 
was present in the urethra. This was very rare, however. 

At cystography, the bladder when moderately filled has an oval shape and a slightly 
irregular contour caused by the normal bladder mucosa. The uterus, the rectum, and other 
parts of the bowel may cause impressions in the normal bladder wall. 

d) Roentgen anatomy of the urethra 

The posterior part of the urethra is related to the pelvic musculature consisting of the 
musculi levatores ani and the musculus coccygeus. The levator ani is above the urogenital 
diaphragm which stretches across the pubic arch. 

Fig. 375. Plain roentgenogram illustrating the urinary bladder with approximately 200 ml of residual urine 

The male urethra has its bladder orifice behind and slightly below the upper part of 
the pubic symphysis. It is located slightly anterior to the center of the base plate of the 
bladder, the posterior part of which is the trigon. The muscle layers in the base of the blad
der are intimately connected with the layers in the posterior part of the urethra, forming 
a single anatomical unit. The relationship of smooth and striated musculature is described 
in detail by MORALES and ROMANUS (1953) and by SHOPFNER (1967) and RUTCH (1968). 
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a b 

Fig. 376. a) Multiple phosphate stones in the bladder. b) Bladder stone with a center of calcium oxalate and a 
periphery oftrippelphosphate 

'------:::mIl- 2 

Fig. 377. Normal urethrocystography in man (1 Uro-genital internal sphincter, 2 CoIIiculus, 3 External sphinkter) 
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Upon micturition, near the end of the voiding period a trigonal canal is often created by 
the base of the bladder and its continuation in the urethra. The cysto-urethral junction 
has a diameter varying in relation to several factors, such as age, sex, stage of voiding, 
etc. The diameter is wider in girls than in boys. 

From the internal sphincter the prostatic urethra, approximately 3-31/2 cm in length 
and slightly concave anteriorly, descends through the anterior part of the prostatic gland. 
In the posterior part, the verumontanum or the seminal collicle projects into the lumen 
with a length of 10-12 mm and a width of 3-4 mm, with a groove (the prostatic sinus) 
at each side. The prostatic urethra is usually divided into the supracollicular, the colli
cular, and the infracollicular portions. 

:Fig. 378. Urethrocavernous reflux from a rupture at the external orifice 

The openings of the ejaculatory ducts from the seminal vesicles are localized on the 
seminal colliculus, immediately above the posterior part of the prostatic gland. The por
tion of the prostate between the supracollicular urethra and the ejaculatory ducts is called 
the middle lobe and the part in the area under the ducts is called the posterior lobe. The 
remaining part of the prostate is composed of two lateral lobes. 

The prostatic gland is composed of tubular glands with ducts - 20 to 30 in number
opening laterally to the colliculus in the prostatic sinus. Where the smooth muscles from 
the bladder onto the urethra above the urogenital diaphragm unite with the striated mus
cles from below, an incisure is formed, usually only anteriorly but occasionally circular and 
of varying depth and position. 

Distal to the prostatic urethra, the membranaceous part continues, piercing the uro
genital diaphragm as a short and narrow segment. In the midline behind and above the 
collicle, contrast filling may be seen of an oval, regular, shallow cavity which represents 
the utriculus prostaticus (See Fig. 380b). This may dilate, a phenomenon often seen in 
patients with chronic prostatovesiculitis. 
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a 

Fig. 379. Angiography with barium SUlphate during autopsy demonstrating normal roentgen anatomy of iliac 
arteries and branches. a) 1) superior gluteal artery. 2) Truncus pudendo glutealis which divides in the inferior 
gluteal artery and the internal pudendal artery 3) and 4). b) Same preparation. 1) Superior vesical artery with 
a caudally directed branch (2). 3) Distal part of inferior vesical artery. 4) Distal part of hemorrhoidal artery 

Fig. 380. a) Filling of prostatic ducts and ejaculatory ducts during urethrocystography. b) Filling of prostatic 
utricle 
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The cavernous part, 12-15 em in length, follows and ends in the fossa navicularis. 
It consists in the pars bulbosa and the pars pendula. Ligamentum suspensorium penis 
may cause an angulation of the pars pendula urethrae. 

The urethra is closed except during the passage of fluid. 
A great number of small Littres' glands open into the urethral lumen in the mem

branous part and the posterior and anterior parts of the cavernous urethra, where the 
urethral lacunae of Morgagni also open. 

Two small bodies, the Cowperian glands or the bulbo-urethral glands, are localized 
laterally to and behind the membranous part of the urethra, with 2-3 em-long excretory 
ducts opening into the urethra (see Fig. 391). Sometimes the sinus de Guerin is filled as a 
thin canal in the dorsal aspect of the anterior part of the urethra. 

Fig. 381. Different shapes of normal urethra in young girls 

During the injection of contrast medium, if this takes place through a cannula attached 
to the external orifice, the anterior and membranaceous parts of the urethra open and are 
to some extent distended by the resistance caused by the contracted musculature surround
ing the prostatic urethra. This part thus has a narrow lumen. Therefore examination during 
voiding is very important in order to study, in addition, the normal conditions in this part. 

At the proximal end of the cavernous part of the urethra, the bulbocavernosus (or 
bulbospongiosus) muscle may cause transient narrowing of the urethral lumen by con
traction. Such contractions are normal and last usually only a short moment (CURANINO, 
1970). There are great variations in the anatomic landmarks mentioned above. These are 
absent in some patients and the urethra is a straight, tapered tube. The landmarks are only 
partly influenced by the degree of distention. 

The width of the urethra varies greatly and can be considerable without the presence 
of distal obstruction (SHOPFNER and HUTCH). 

The female urethra has a close similarity to the prostatic and membranaceous urethra 
in the male, except of course for anatomic details such as the verumontanum. It has a 
length of 3 to 4 em and is slightly concave anteriorly. It has several urethral lacunae in 
its proximal part. It is very short from the urogenital diaphragm to its opening, forming 
the distal urethral segment. The close relation between the distal opening and vagina_makes 
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urethrovaginal reflux of contrast medium a common occurrence during urethrocysto
graphy (Figs. 381 and 382). 

A local widening can occasionally be seen in the distal part of the urethra in girls, 
immediately inside the meatus. Here the urethra can be fairly wide, indicating a stenosis 
of the meatus. In these cases an increased pressure is often found in the bladder. During 
micturition, however, the meatus is seen to widen considerably and this anatomic varia
tion usually disappears spontaneously. 

Fig. 382. Different shapes of normal urethra in young boys 

e) Performance of the examination 

The patient's rectum is first emptied by enema or by other useful means. The patient 
is told to empty his bladder; otherwise catheterization is employed, with subsequent 
emptying. Plain films are taken of the bladder and in some cases also of the penis. The area 
of the urethral orifice is rinsed and the instrument is adjusted as described above. The sur
face anesthetic is injected into the anterior part of the urethra. Contrast medium is in
jected after a few minutes, preferably under fluoroscopic control. We usually inject 300 ml 
of contrast medium of moderate density and after this 20 ml of viscous contrast medium 
to fill the urethra. The patient is told to relax completely and not to strain. Films are 
taken in suitable projections when the contrast medium has filled the urethral lumen. 
Further injection of contrast medium is made, followed by sterilized water to fill the blad
der and produce micturition, or to facilitate it. The patient is then told to urinate. During 
micturition recording in suitable projections is made of the bladder and the urethra. 

Specific problems call for modifications of this procedure in order to facilitate close 
study of certain anatomic and physiologic details. 

Before urethrocystography for demonstration of the prostatic gland, massage of this 
gland may be useful to empty the gland of mucus and pus. 

Some patients have difficulty in starting micturition because of psychological inhi
bitions. To help the patient overcome this difficulty he should be left alone in the examina
tion room and well screened in the room, with the lights dimmed and a water faucet 
running, if possible. During micturition recording is made with multiple films or, better 
still, with photofluorography over an image intensifier. Videotape recording or cinefluoro
graphy may occasionally be used. 
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In the study of the bladder, a suitable concentration of the contrast medium is nec
essary and the penetration of the radiation should be chosen to match the contrast density. 
Compression of the type dosed compression can be used by inserting a palpator into the 
rectum (OLLE OLSSON, 1948). 

In order to study the patency of the ureteric orifices and to be able to diagnose possible 
reflux from the bladder into one or both ureters, the patient should be examined in su
pine position, preferably, with the upper part of the body lowered. Fluoroscopic obser
vation and filming should be made during micturition. Fluoroscopic monitoring of the 
procedure makes it possible to obtain complete filling of the bladder in order to observe 
vesico-ureteral reflux and to choose correct projections for documentation of normal and 
pathologic conditions. 

It is important to perform the examination with relation to existing clinical problems. 
The procedure should be limited to this consideration, particularly in checking results 
of therapy. 

A detailed description of urethrocystographic techniques is given by KNUTSSON, 1935; 
EDLING, 1945; LINDBLOM and ROMANUS, 1962). 

f) Supplementary method8 

1. Double contrast cystography 
In order to demonstrate more clearly tumors bulging into the lumen of the bladder, 

the use of double contrast cystography has been advocated (KNEISE and SCIIOBER, 1941; 
BARTLEY and HELANDER, 1960, etc.). A small amount (8-10 cc)ofaviscouswater-soluble 
contrast medium is injected into the emptied bladder, with the patient in supine position. 
The contrast medium will coat the bladder mucosa when the injection is followed by an 
injection of 200-300 cc of CO2 via a catheter into the bladder. Recording is made with 
suitable projections for the study of the base of the bladder. BARTLEY and HELANDER 
recommend a special projection: an axial view of the pelvic inlet is taken perpendicularly 
to the base, since the plane of the base is roughly parallel with the pelvic inlet. The patient 
is semi-recumbent and the beam vertical. 

2. Perivesical pneumography 
In order to study the thickness of the bladder wall and possible perivesical tumor 

growth, injection of water-soluble contrast medium into the perivesical space has been 
used in a few instances (FRANKSSON and LINDBLOM, 1952). Injection of gas into this 
space is more common (for example: TRUK et al., 1951; BARTLEY and ECKERBOM, 1960). 
An injection needle is introduced above the symphysis, directed caudally and dorsally. 
Its tip should lie approximately 1 cm behind and below the upper border of the symphysis 
and its position should be checked. After it has been made clear that the needle has not 
entered a blood vessel, 700-800 ml of CO2 is injected and the patient is placed in various 
positions in order to let the gas penetrate around the bladder. Carbon dioxide is then in
jected into the bladder until the patient experiences a desire to void, and at that point 
recording is made. 

3. Chain urethrocystography 
A special modification of cystourethrography represents the method for chain 

cystourethrography. A beaded metal chain is used in this modification. The chain 
is about 20 cm long and lubricated and is passed into the bladder. It is placed in the 
bottom of the bladder and in the urethra. The posterior urethrovesical angle can then be 
measured in suitable projections and the descent of the bladder during straining can be 
appreciated. STOLZ and FOGEL (1972) describe two significant urethro-vesical abnor
malities associated with stress incontinence. In Type I the posterior urethro-vesical angle 
is greater than 1000 and the upper urethral angle is normal, with minimum descent of 
the bladder. In Type II the angle, the upper urethral axis angle, and the descent of 
the bladder are all normal. 
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g) U rethrocystography in children 

Urethrocystography is often indicated in children. A comprehensive description of 
the urethrocystographic technique in child patients is given by KJELLBERG et al. (1957) 
and in great detail by SHOPFNER (1971). The main points include skill in performance in 
order to eliminate technical faults which can otherwise make repeat examinations 
necessary. An important aspect of the examination technique is immobilization of the 
patient. According to SHOPFNER this can be accomplished by bandaging the child to a 
specially designed board. With the help of trained personnel (observe the rules for radia
tion protection!) the small patient fixed to this board can easily be brought into positions 
suitable for recording. 

A special technique for micturition cystography in children has been devised by 
BRuNDoRF et al. (1960), applicable mainly to children in the post-natal period and early 
infancy. The patient is made to urinate during the examination by continuous filling 
of the bladder with contrast medium through a catheter inserted into the bladder by 
the suprapubic route. This suprapubic catheterization also makes it possible to combine 
the roentgenologic examination with micturition cystometry (BRuNDoRF and SANDOE, 
1960). 

It can occasionally be useful to inject doryl or prostigmin subcutaneously in order 
to obtain micturition films in newborn children. A sufficient dose during the first months 
of life is 0.3 cc = 0.08 mg carbacholum or 0.17 mg neostigmin bromide (JORUP and 
KJELLBERG, 1948). 

Handling of children by trained personnel and provision of quiet and comfortable 
surroundings usually make it possible to perform the examination without great diffi
culty and without resort to procedures of the type described above. 

h) Complications 

Upon injection of contrast medium, a tear may develop in the mucosa and the con
trast medium may pass through the submucosal veins of the corpus cavernosum and further 
into the venous system. Such urethro-cavernous reflux may vary in volume from 
very little to great and may markedly impair study of the recordings. The reflux usually 
causes no subjective symptoms. Occasionally, however, a slight rise in temperature may 
be observed some hours after the procedure and may persist for a few hours. Symptoms 
of hypersensitivity to the constrast medium may also be seen. 

It is pointed out by MORALES and ROMANUS (1953) that between the mucosa in the 
urethra and the cavernous tissue there is an interposed layer of an easily compressible 
venous vasculature, the so-called pseudocavernous tissue. Bleeding from this tissue easily 
occurs in connection with mucosal lesions; this phenomenon may also explain the fact 
that venous reflux can also easily occur in association with urethrocystography. 

EDLING (1945) has given close consideration to the possibility of stricture formation 
in the urethra after urethrocystography but has found no case in which the procedure, 
as such, caused or increased existing strictures. 

III. Angiography of the bladder 

A close study of the anatomy and the roentgen anatomy in cadaveric specimens and 
in clinical angiographic examinations of the arterial supply of the bladder was made by 
NILSSON (1967) in our department. In his monograph NILSSON also reviews previous stu
dies. The following represents a summary of his observations. 



The Bladder 

1. Roentgen anatomy of the arterial supply of the bladder 
(Fig. 379) 
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The internal iliac artery has its origin between 10 and 16 cm above the upper border 
of the symphysis, as measured in the films. The individual variations are great but the 
difference between the sides in a given patient is smaller than that between patients. 

The superior gluteal artery is the largest of the branches given off by the internal 
illiac artery. It divides into a large number of branches running to the gluteal region. 
One branch is of importance in angiography of the bladder, viz. one branch situated in 
the pelvis running in caudal direction and called the lateral sacral artery. 

The inferior gluteal artery arises from the pudendal gluteal trunk or a gluteal trunk 
of varying length. This artery is of significance in angiography of the bladder because the 
artery or its branches supplying muscles can be projected over the bladder, making it 
difficult to study bladder arteries. From the inferior gluteal artery no vesical arteries 
arise. The internal pudendal artery starts most frequently in a common trunk together with 
the inferior gluteal artery, the pudendal gluteal trunk. These three arteries as well as the 
two trunks can be readily identified. They are of varying length and have marked differ
ences in their courses, from one patient to another, as well as between the two sides in 
patients examined bilaterally. 

After leaving the pelvic cavity, the inferior gluteal artery continues on a lateral, 
caudal course, with the internal pudendal artery running anteriorly, caudally and medially. 
It then returns to the inside of the pelvic wall through the lesser sciatic foramen. This 
part of the artery is situated on the inside of the pelvic wall but outside the pelvic cavity. 

The iliolumbar and the lateral sacral arteries are also readily identifiable, as is the 
obturator artery. The lateral sacral artery regularly anastomoses with the middle sacral 
artery and with the lateral sacral artery of the other side. The obturator artery running 
to the obturator canal is best seen in oblique projections because of its anteriorly directed 
course. 

The superior and inferior vesical arteries are usually easily recognizable. They run a 
downward course along the lateral pelvic wall with the superior vesical artery usually 
more medially. 

The bladder arteries are best seen in the bladder wall if the bladder is moderately 
distended, which is best brought about by injection of carbon dioxide into the bladder. 

A close study of the pelvic veins has been made by BARTLEY (1958), who advocates 
the use of fiebography in the diagnosis of pelvic tumors. Only occasionally, however, do 
tumors of the bladder call for this type of study. A case has been described by CARLSSON 

and GARSTEN (1960) in which the femoral vein was compressed by a markedly dilated 
bladder. 

2. Technique 

The best technique for angiography of the bladder is percutaneous transfemoral 
catheterization with selective catheterization of the internal iliac artery, possibly 
bilaterally. A non-selective examination may be performed only if this technique proves 
impossible, for example in the presence of advanced atheromatosis with tortuosity of the 
arteries and decreasing caliber locally. 

(For details of technique see chapter on Renal Angiography). 

C. Pathologic changes of the bladder, prostate and urethra 

I. The Bladder 

A combination of one or more of the types of pathological changes described below 
is not uncommon in the same patient at the same examination. 
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1. Anomalies 

The bulges described above as variations in the normal shape of the bladder may be 
so marked as to indicate diverticula (Fig. 383). In congenital diverticula, as opposed to 
acquired diverticula, the bulges contain all the normal tissue layers of the bladder in their 
wall. (Lateral and bilateral diverticula give the bladder in frontal projection a shape 

Fig. 383 Fig. 384 

Fig. 383. Marked trabeculation of bladder with formation of multiple diverticula. Cause: hyperplasia of the 
prostatic gland. Prostatectomy performed 

Fig. 384. Trabeculation of bladder and ureteric reflux on right side (girl nine years of age with recurrent urinary 
infection) 

a b c 

Fig. 385. a) Single bladder diverticulum to the right during micturition. b) and c) Marked increase in filling of 
diverticulum 

which has caused roentgenologists lacking the basic sense of three-dimensional roentgeno
logy to name the bladder "dog-eared bladder," "Mickey Mouse bladder," and other 
stupidities.) Sometimes there is no sharp division between diverticulosis and so-called 
trabeculation of the bladder wall (Fig. 384). 
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The diverticulum may change considerably in size during voiding (Fig. 385). A fibrous 
septum in the midline may divide the bladder into two compartments of approximately 
the same size, so-called bipartite bladder. Olose to the ureters the bladder wall may bulge 
locally, causing para-ureteric diverticula. 

a) Ectopia or extrophia vesicae 
Ectopia or extrophia vesicae, also called inversio vesicae, is an inhibitory malformation 

in which the anterior part of the bladder and the anterior abdominal wall have not devel
oped. The posterior part of the bladder opens therefore in the abdominal wall, the ure
teric orifices lying free. Urethra is also often, in this malformation, an open groove on the 
dorsal side of the penis or the clitoris, so-called epispadia. The bony pelvis may be charac
teristically deformed, with a wider and malformed symphysis. Spina bifida may also be 
present. 

b) M egalo bladder 
Megalo bladder is often described as an anomaly. Enlargement of the bladder is usu

ally due, however, to drainage difficulties or to neurogenic disorders. 

c) Malposition 
The bladder may be situated at a great depth or may be displaced downwards at 

straining (for example at micturition), occasionally to a marked degree, in cases of in
sufficiency of the floor of the small pelvis. An angulation of the urethra is seen in this 
connection. The condition is best demonstrable at examination of the patient in a stand
ing position. The displacement may also be a partial herniation through an opening in the 
pelvic floor. The edge of this floor causes an indentation in the bladder. The part of the 
bladder distal to this narrowing must be regarded as a cystocele. 

2. Displacement of the bladder 

The bladder, when moderately filled, fills out the small pelvis to a great extent. Any 
expansive process engaging this space can impress or displace the bladder to some extent. 
Filling of the rectum with feces displaces the bladder ventrally and impresses its dorsal part, 
as do certain pathologic lesions in the sacrum, for example chordoma. 

The bladder may be partly displaced into a hernia, laterally or caudally. The herniated 
part may be mobile and a reposition may follow a change in the patient's position. 

The genital organs in females have a close relationship to the bladder and the normal 
uterus almost always impresses the bladder in its upper part, as can easily be seen on plain 
films. In tumors, marked impressions or displacement may be seen (Fig. 388). In pregnancy 
or when the uterus harbors myoma, for example, the impression is marked and can in the 
latter case be very irregular. 

Edema or tumor in the pelvic floor may lift the bladder, as may hematoma, which 
can also cause marked compression locally or totally. A displacement downward is common 
in multiparae and a cystocele of part of the bladder may occur downwards in a separation 
between muscles forming the pelvic floor. 

A cystocele of part of the bladder may also be caused by a suprapubic separation of 
the abdominal rectus muscles or, to a marked degree, by aplasia of these muscles (Fig. 387). 

Skeletal changes in the pelvis may impress the bladder if they are expansive, for 
example in osteogenic tumor (Fig. 389). Displaced fractures, callus in such fractures, and 
protrusion in connection with hip-joint disease may also cause impressions. VI ATSON and 
OCHSNER (1966) report a case with marked compression of the bladder by large cysts 
emanating from the acetabulum as a result of chronic inflammation in rheumatoid arthritis 
of the hip joints. Wide and tortuous arteries may also impress the bladder (Fig. 386). 
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Fig. 386. Impression in bladder by markedly tortuous right iliac artery (with catheter and contrast medium in 
artery during angiography) 

Fig. 387. Urethrocystography: cystocele of anterior part of bladder through gap in abdominal rectus muscles 
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a b 

Fig. 388. a) Displacement of bladder and impression in posterior part by botryoid sarcoma in vagina. b) Contrast 
filling of bladder, urethra and vagina with tumor 

Fig. 389. Impression in left side of bladder base by non-calcified part of metastases in left part of pelvic bone by 
prostatic carcinoma 

3. Infection 

In acute cystitis the bladder mucosa may thicken and the contour of the contrast
filled bladder may be irregular (Fig. 390). In chronic cystitis a marked atrophy of the 
mucosa may, on the contrary, give the bladder a completely even outline. In cystitis, 
specific or non-specific, the size of the bladder may diminish, occasionally to a very 
marked degree. The wall of the bladder can increase in thickness very markedly. The 
contracted bladder may be very small and usually has a spherical shape. No distention of 
the lumen is obtainable at injection of contrast medium. 

A marked asymmetry of the bladder may result from localized changes, for example 
m the case of tuberculous cystitis around a ureteric orifice. In specific and non-specific 

29 Handbuch der med. Radiologic, Ed. XlIIjl 
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chronic localized cystitis, local mucosal changes may cause swelling of the mucosa by 
edema or locally increased thickening by inflammatory tissue, making the lesion resemble 
a tumor. 

Generalized or localized precipitation of calcium may occasionally be seen in the 
bladder wall in connection with cystitis. 

Marked changes may be seen in the bladder in bilharzia, with thickening of the wall 
and marked diminution of the lumen. Calcifications in the entire bladder wall are common 
in this type of infection. 

a b 

Fig. 390. Case of acute urogenital infection and Reiter's syndrome, appearing as a severe cystitis with hematuria. 
a) and b) during acute phase: marked swelling of bladder mucosa 

Corresponding changes may be seen in so-called aseptic cystitis. 
Irregular contractions in the bladder wall may occasionally be seen in connection 

with cystitis. KJELLBERG et al. (1957) report formation of a waist in the lower part of the 
bladder in the end stage of micturition in children suffering from cystitis, caused probably 
by an increased contraction of the bladder floor. An insufficient widening of the internal 
urethral orifice was also occasionally seen. 

A special type of cystitis is represented by so-called emphysematous cystitis, in which 
gas is formed in the bladder wall (Fig. 391). This condition was first observed by ErSEN

LOHR (1888) at autopsy. The first clinical observation was not made until 1932, when 
RAVICH and KATZEN reported on the observation of gas-filled vesicles in the bladder 
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Fig. 391. Emphysematous cystitis. Gas·containing bullae throughout bladder mucosa; thickened bladder wall 
(above bladder: irregular, calcified necrotic myoma in uterus). 

Fig. 392. Benign bladder papilloma without thickening of the wall at the base of the tumor 

mucosa at cystotomy. The first report on roentgenologic diagnosis of emphysematous 
cystitis is that of LUND et al. in 1939. A comprehensive review was made by BOIJSEN 

and LEWIS-JONSSON (1954). 
The cause of emphysematous cystitis is gas-forming bacteria. The vesicles are seen 

at plain roentgenography as gas bubbles in the bladder wall, the appearance corresponding 
to the stage of the disease at the time of examination. Gas appears in the early stage in a 
millimeter-wide zone in the bladder wall. The wall later becomes thick and a great number 
of gas-filled vesicles can be seen intramurally. These vesicles may rupture and freed gas 
in the lumen of the bladder can then be seen best with the patient in lateral decubitus 
with horizontal ray, or in a standing position with horizontal ray. 

29* 
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4. Tumors 

Bladder tumors are the most common among tumors of the urinary tract. The indi
cation for roentgen examination is hematuria. Cystoscopy has often been performed 
before the roentgen examination because of this hematuria, and a bladder tumor has been 

Fig. 393. Broadly based tumor with a nodular surface and thickened wall at base of tumor as sign of malignancy 

a b 

Fig. 394. Bladder tumor, mucus producing adenocarcinoma, with calcifications a) Plain roentgenogram, b) uro
gra phy: irregular tumor filling great part of bladder. Cranially to the right, broad attachment of tumor to bladder 

wall 

seen or suspected. The cystoscopist is sometimes in doubt as to whether an infiltrating 
carcinoma or a marked localized cystitis is present. 

The important tumors of the bladder are the benign or malignant papilloma and the 
solid carcinoma. 

As a general rule tumors of the urinary tract are often multiple, with sites in the 
different parts of the urinary tract, for example in the kidney pelvis and/or the ureter and 
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in the bladder. It is necessary to keep in mind also that the tumors seen in the bladder wall 
may represent a secondary invasion onto the bladder from a tumor originating outside 
the bladder, for example a carcinoma of the colon. 

Another feature that it is necessary that the roentgenologist be aware of is that di
latation of the urinary tract, unilateral or bilateral, may be secondary to a bladder tumor. 

A tumor is seldom observed in plain films of the bladder, Calcifications in bladder 
tumors are very rare (see. Fig. 394). 

A papillomatous tumor is seen at cystography, usually in connection with urography, 
as a local bulge from the bladder wall (Fig. 392). It is necessary to secure tangential pro
jections of the tumor to demonstrate size and attachment to the bladder wall. It must be 
remembered that tumors of this type may be multiple. In papillary tumors the papillo
matous surface is often well demonstrable as a more or less regular radiation of the 
surface. A stalk may occasionally be demonstrable. 

Fig. 395. Tumor and coagulum in bladder. Broadly based tumor with nodular surface basally to the left in 
bladder. Large coagulum fills rest of bladder 

The intraluminal tumor may be well demonstrable, particularly at double-contrast 
examination. It must be remembered that hematuria is common in connection with tumor. 
A coagulum in the bladder may mimic a tumor, give the impression that a tumor is larger 
than it actually is, or occasionally completely cover a tumor (Figs. 395, 396). 

If a papillomatous tumor is malignant and infiltrates the bladder wall, a local thicken
ing of the wall can be seen in tangential projections (see Fig. 396). The solid carcinoma 
may protrude only inconspicuously into the bladder lumen. It may cause asymmetry of 
the shape of the bladder and a local thickening of its wall. BARTLEY and ECKERBOM 
(1960) were able to determine the extent of perivesical infiltration of the tumor with a 
considerable degree of accuracy by using perivesical inflation of gas. 

A tumor may be localized in a diverticulum and fill this more or less completely or 
infiltrate part of its wall (Figs. 398 and 399). 

Partly successful attempts have been made by FRANKS SON et al. (1956) to relate the grade 
of malignancy of a bladder tumor to its appearance at cystography. Tumors oflow-grade 
malignancy have a narrow base and no thickening of the bladder wall, whereas tumors of 
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a b 

Fig. 396. Coagulum. a) Urography in association with hematuria: large coagula distending bladder; b) uro
graphy after hematuria has subsided: bladder normal 

Fig. 397. Tumor at left side in bladder causing slight obstacle to flow from left ureter. In addition, marked 
enlargement of prostatic gland. Great number of small concrements in bladder 

high-grade malignancy are broadly based and show signs of infiltration of the bladder 
wall, which is thickened. 

Impairment of flow through one or both ureteric orifices caused by tumor is seen at 
urography. This may cause unilateral or bilateral hydronephrosis and may differ in degree 
between the two sides, if bilateral. The stasis may have been total and long-standing, 
causing complete and definite cessation of the function of one kidney. Mention must be 
made here of hydronephrosis caused by kidney pel vis tumor and the possibility of the 
spread of such a tumor to the bladder (see chapter on dilatation of the urinary tract). 
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a b 

Fig. 398. Tumor in bladder diverticulum. Multiple diverticula in bladder. Large diverticulum to right and 
posteriorly is filled with large tumor with irregular surface. a) Left oblique projection. b) Right oblique 

projection 

Fig. 399. Tumor in bladder diverticulum. To the right, small diverticulum with infiltration in wall with poly
pous mass bulging into the diverticulum 
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There are certain important problems in the diagnosis of bladder tumor which call 
for further attempts at refining the roentgenologic diagnosis. One such problem is the 
differential diagnosis between carcinoma and local inflammatory lesion. Another is the 
involvement of the bladder wall and extravesical tissue by a tumor. Angiography of the 
bladder has been used in an attempt to sharpen diagnostic criteria 

A comprehensive survey of previous work in this field, together with a report of 
results of anatomic studies and of angiography in a clinical material of 152 patients from 
our department has been presented by NILSSON (1967). His results are as follows: 

a 

Fig. 400. Large papilloma in left side of bladder. a) Urography. b) Angiography, arterial phase: large number 
of wide, irregular vessels in tumor. c) Angiography, venous phase: wide veins drain tumor 

All bladder tumors are supplied by bladder arteries and frequently also by extra
vesical arteries. The supply by extravesical arteries is related to tumor growth and is 
marked in tumors infiltrating the perivesical tissues. This extravesical supply originates 
from the obturator artery, the internal pudendal artery, the middle hemorrhoidal 
artery, and, in exceptional cases, from the inferior gluteal artery, the uterine artery, and 
the superior gluteal artery. Anastomoses are often seen in the tumor between the varying 
supplying arteries. Displacement of the large branches of the internal iliac artery is never 
seen. The tumor growth may cause different degrees of arterial stenosis in large tumors 
(Fig. 400). 

The most important finding is that of tumor vessels, which in NILSSON'S material 
were seen in all tumors with a diameter of one centimeter or more, with the exception 
of two cases, one with a cluster of small, non-malignant papillomas. Most tumor vessels 
were seen in malignant tumors, particularly in tumors with extravesical growth. It was 
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Fig. 400 b 

Fig. 400 c 

not possible to find a correlation between the number of tumor vessels and the degree of 
differentiation of the tumors. The tumor vessels in benign papillomas could not be 
distinguished from those in malignant tumors. 

In the capillary phase it is possible to study the thickness of the bladder wall, and the 
confinement of the tumors to the bladder wall or outside it can be estimated by the distri
bution of the tumor vessels and the accumulation of contrast medium. In his material of 
pelvic angiography NILSSON could demonstrate extravesical growth in more than 95 % 
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of the patients with subsequently clinically verified tumors growing extravesically. In 
patients with tumors confined to the bladder wall, angiography could exclude extravesical 
growth in more than 90 %. A definite sign as to confinement ofthe tumor to the mucosa 
is the demonstration of a tumor stalk. 

Venous changes with wide and tortuous veins are often seen, but their diagnostic 
importance is limited. 

a b 

Fig. 401. Papillary carcinoma with thin stalk. a) Arterial phase: superior vesical artery is wide (wide arteries 
in stalk oftumor). b) Venous phase: widened veins in stalk of tumor 

a b 

Fig. 402 Carcinoma at right ureteric orifice. No infiltration of tumor in muscular layer. a) Arterial phase: great 
number of arteries outside bladder, pathologic vessels in tumor. b) Capillary phase: bladder wall well delineated 

Mean circulation time of contrast medium in tumors was definitely shorter than in 
normal cases and in cases of cystitis. This difference is statistically significant. 

A combination of cystitis and tissue reaction to radiation therapy makes it impossible 
to differentiate the vascular changes from tumor vessels. There are occasionally also diffi
culties in differentiating inflammatory vessels from tumor vessels. 
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The effect of radio therapy (betatron or cobalt 60, 6, 400-7,000 R during a treat
ment period of 40-50 days) on the vascular pattern was studied by HIATAJ,A (1971). At 
angiographic examination performed two to six months after completion of radiotherapy, 
a marked decrease down to complete disappearance of the tumors was seen in half of the 
cases. No tumor vessels were seen but a hypervascularity of the bladder wall was observed 
at the tumor site. 

The regression of the tumor, as seen angiographically, has no direct relation to tumor 
staging but in tumors of a low degree of differentiation there was a more marked tendency 
toward regression. 

a b 

Fig. 403. Large carcinoma in right side of bladder. Tumor infiltration in perivesical tissue. a) Arterial phase. 
b) Capillary phase: pathologic vessels and contrast medium in capillaries outside bladder wall 

In some cases a later recurrence of tumor growth could be demonstrated angiographi
cally and occasionally both tumor remains and recurrences could be demonstrated angio
graphically where no cystoscopic findings were present, but where histologic examination 
verified the diagnosis. 

In cases of generalized bladder changes in the post-radiotherapeutic period, vascular 
changes were found at angiography of a type making differential diagnosis impossible be
tween tumor, radiation reaction, and inflammatory lesions. 

Bladder tumors have been classified according to the so-called TNN system, re
presenting a combination of findings at cystoscopy and palpation and of patho-anatomic 
diagnosis. Angiography may be helpful in this classification, for example in defining in
filtration in the bladder wall. 

It has been found that there is a fairly strict relationship between the patho-anatomic 
characteristics of a tumor and the prognosis. Highly differentiated tumors, grade 0-1, 
are benign, whereas in tumors of grade 2-4 with a lesser degree of differentiation, the 
malignancy dominates and is represented by a higher mortality. Roentgendiagnostic 
methods, including angiography, have not so far offered possibilities for tumor grading 
of this type. 

In therapy using increase in intravesical pressure to kill tumor tissue, the effect 
can be studied angiographically (Fig. 404). 

Rare tumors of the bladder. Pheochromocytoma represents a very rare type of tumor 
in the bladder wall. The tumor itself is very rare. Reference is made in a case report by 
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a 

b c 

Fig. 404. Large, highly vascularized tumor in left side of bladder. No extra vesical extension. b) Marked reduction 
of vascularity after increase of intravesical pressure to 60 mm Mercury. c) All vascularity in tumor suppressed 

at 80 mm Mercury 

SIVAK (1961) to ten previously observed cases. Pheochromocytomas in the bladder usually 
come to be examined because of intermittent hematuria. In one case voiding caused 
symptoms of marked elevation in blood pressure. Pheochromocytoma in the bladder may 
bulge into the bladder lumen, as may any other tumor. However, it may also be localized 
entirely in the bladder wall. 

Another rare bladder tumor is myoma. We have seen a patient with suspicion cysto
scopically of a recurrence after operation for bladder carcinoma. At cystography a well 
outlined tumor with broad base was seen protruding into the bladder. At angiography 
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no tumor vessels were seen. Operation and patho-anatomic examination revealed a myoma 
(Fig. 405). 

Endometriosis of the uterus can affect the colon and can likewise affect the bladder. 
Usually at cystography a slight rigidity in part of the bladder wall may be seen, or endo
metriotic tissue may be seen to bulge into the bladder lumen. There are no especially char
acteristic features in this bulging, which can resemble a primary bladder tumor. 

a b 

Fig. 405. Myoma of bladder. Bladder carcinoma several years previously, now healed. Now well defined tumor 
in base of bladder to the left. a) Cystography (photo-fiuorogram): tumor well defined, surface even; b) double

contrast cystography plus angiography: no tumor vessels 

5. Trauma 

Perforation of the bladder wall can be caused by bone fragments in fracture of the 
pelvis. Perforations are seen mainly in connection with fractures in the anterior part of 
the pelvis, the pubic region. The perforations are accordingly localized in the anterior 
lower part of the bladder. Instruments may pierce the bladder wall, for example from the 
urethral lumen. Such perforations are localized in the base of the bladder. 

Lesions from bayonet wounds and similar lesions such as those caused in automobile 
accidents may cause laceration, chiefly anteriorly. Gunshot may severely damage the 
bladder. In such lesions localized edema can be seen at plain roentgenography and fluid 
blood and urine may cause increased density in the lower pelvis. Free fluid may also 
be seen in the peritoneal cavity. Gas may be seen in the bladder and in the perivesical 
tissues. Possible defects in the bladder wall can be seen at cystography, with escape of 
contrast medium outside the boundaries of the bladder. 

A sometimes marked displacement of the bladder may be seen with or without passage 
of contrast medium outside the bladder wall (Fig. 406, 407). This is also seen in hematoma 
close to the bladder but without lesion in the bladder itself. 

Genuine ruptures of the bladder are rare. HOLM (1943) reported three cases and gave 
a short survey of incidence. A full bladder must be hit violently for a rupture to occur. 
Rupture may be combined with pelvic fractures. Such ruptures are extraperitoneal in 
2/3 of the cases and intra-peritoneal in 1/3, whereas ruptures without fracture are all 
intra peritoneal. 
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Fig. 406. Retrocystic hematoma (automobile crash, ruptures of duodenum and liver with retroperitoneal 
hematoma). Marked displacement of bladder anteriorly and compression from behind 

Fig. 407. Rupture of base of bladder from trauma causing fractures in anterior part of pelvis. Marked eSDape 
of contrast medium into extravesical space 

If the bladder is markedly distended, the trauma-causing rupture may be minimal. 
This type of rupture may be seen in connection with severe intoxication, for example in 
cases of alcohol abuse. As long as urine continues to flow into the bladder, La Place's 
law is applicable to the degree of resistance of the bladder wall: the bladder increases in 
size in spheric shape, with increasing thinning of the wall and consistent pressure. Then, at 
marked distention, only a very slight trauma may be sufficient to cause rupture. 
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Fig. 408. Traumatic rupture of posterior part of urethra. Catheter has passed through lesion. Contrast medium 
injected around base of bladder 

Fig. 409. Unintentional extirpation of bladder. From urethra filling into extraperitoneal space (patient operated 
in other hospital for large gynecological tumor and because of postoperative anuria referred to us) 

During otherwise uncomplicated urethrocystography leakage of contrast medium 
through a lesion in the bladder wall may be seen. Occasionally marked leakage can occur 
if during fluoroscopy the escape of contrast medium outside the bladder is not observed 
immediately (Fig. 410). 
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Fistula formation may be seen between the bladder and adjacent organs in connection 
with trauma due to accidents occurring during operation, or as a residuum or complication 
of radiotherapy. Such fistulae may also be caused by inflammatory lesions, for example, 
cystitis or diverticulitis in the colon. In Fig. 411 a fistula is seen between the bladder and 
the vagina formed unintentionally during hysterectomy six weeks previously. Figs. 412 
and 413 illustrate fistula formation in connection with radiotherapy for carcinoma of the 
collum of the uterus. 

Fig. 410. Lesion in bladder in connection with otherwise uncomplicated urethrocystography. Leakage of con
trast medium in wide space around bladder 

6. The bladder in urinary obstruction 

In acute urinary obstruction a very marked increase in size of the bladder may be 
seen at plain roentgenography, with displacement of the bowel. In differential diagnosis 
expansivity in the female genital organs, for example ovarian cyst, is particularly perti
nent. 

In chronic obstruction to bladder drainage, the bladder wall increases in thickness, 
with attendant hypertrophy of musculature. This causes trabeculation of the wall. Pro
lapse of mucosa through openings between muscle bundles very often causes formation 
of diverticula. As such a false diverticulum has no musculature in its wall, it cannot con
tract during micturition, in contrast to bulges caused by anatomical variations and bi
partite bladder (see above). A diverticulum increases in size at micturition since urine 
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a b 

Fig. 411. Fistula between bladder and vagina (hysterectomy six weeks previously). a) Frontal view: fornical 
part of vagina seen at top of bladder; b) laterial view: contrast-filled vagina behind bladder 

Fig. 412 Fig. 413 

Fig. 412. Fistula between posterior part of bladder and upper part of rectum. Marked sclerosis with shrinkage 
of posterior part of bladder (radiotheraphy for carcinoma of the collum of the uterus two years previously) 

Fig. 413. Fistula from bladder cranially - anteriorly to sigmoid colon and cranially - posteriorly to the vagina 
(post radiotherapy for carcinoma of the collum of the uterus three years previously) 

flows into the diverticulum more easily than through the urethra, at contraction of the 
bladder. This increase in size of the diverticulum may be very marked. 

As mentioned above, a diverticulum may also be congenital, in which case it has all 
the tissue layers in its wall. Periureteric position of a diverticulum may cause displace
ment of the distal part of the ureter. 

A diverticulum may be the site of a tumor, or it may contain stone. 

30 Handbuch der med. Radiologie, Bd. XIII/l 
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7. Stone 

Stone formation in the bladder is a common occurrence. 
There is a significant difference in chemical composition between stone primary in the 

kidney and stone primary in the bladder (LAGERGREN, 1956). Thus pure calcium oxalate 
and calcium oxalate - apatite mixture comprise the main component in nearly 60% of 
the kidney - ureter group in LAGERGREN'S material, as opposed to only approximately 
20% of the bladder stones. The principal components of bladder stones were magnesium, 
ammonia, phosphate, apatite in mixtures in 40%, and uric acid mixed with urates in 27%. 
The latter group comprised less than 4% of the kidney - ureter group. Thus bladder 
stones often have a low calcium content and are accordingly less well demonstrable at plain 
roentgenography, even when of considerable size. 

a b 

Fig. 414. Stone in bladder. a) Plain roentgenogram; b) urography: note peripheral zone of stone not containing 
calcium 

Calcium deposits on the catheter in the bladder, especially on the balloon-type 
catheters, are common in patients with catheter a demeure. The calcium shell may break 
and increasing calcium deposits will cause increase in stone formation around the frag
ments. 

Formation of stone is common in impeded urinary flow with infection. A large amount 
of small stones, often of low density, may be seen lining the cranial part of an enlarged 
prostatic gland. 

Solitary or multiple stones are often seen with marked layer formation. The stones 
may also have a very irregular shape. This shape often represents only the shape of the 
core of the stone, whereas material of little calcium content surrounds this core, giving the 
actual stone a smooth surface. 

Stones can change position with change in the position of the patient. Stones are 
occasionally lodged in a diverticulum, however, and retain their localization despite marked 
change in the position of the patient. Such stones are sometimes difficult to differentiate 
from extravesical calcifications for example calcified sloughed appendices epiploici, etc. 
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Stones in the bladder may be stones passed from the kidney. 
As bladder stones often have low calcium content, they are occasionally best seen at 

cystography, usually in connection with urography (Fig. 414). 

8. The neurogenic bladder 

The neurogenic bladder is usually defined as being related to a supranuclear, nuclear, 
infranuclear, or peripheral nervous lesion. These lesions cause inhibited reflex bladder, 
automatic bladder, autonomous bladder and atonic bladder, respectively. A combination 
of types is very often present, however, and a clear-cut division between these different 
types and localizations is not possible. Certain trends may dominate. Thus in the supra-

Fig. 415. Neurogenic bladder of supranuclear type with cystitis in a case of paraplegia following fracture of 
C 5. Left and middle figure during injection; right figure during voiding. Note no external sphincter spasm 

nuclear lesion the patient cannot urinate spontaneously but can be trained to start mic
turition by certain kinds of peripheral stimulation. The posterior part of the urethra 
then dilates. The filled bladder has a special shape as a result of increased tonus in the 
wall. 

The most characteristic type of neurogenic bladder roentgenologically is that repre
senting a lesion below the spinal center at the level of TH-12 in the conus terminalis. The 
bladder is large in this infranuclear type of neurogenic bladder and is raised as during 
micturition. It has often an abundance of diverticula of different sizes and the wall is 
markedly trabeculated. The external sphincter is closed at attempts at micturition and 
no micturition takes place. Reflux to the ureters is often seen in these patients. The in
competence of the ureteric orifices may cause marked dilatation of the kidney pelves 
and the ureters. 

The atonic bladder has a great capacity; it is wide and has a thin and even wall 
without trabeculation. 

30· 
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Fig. 416. Neurogenic bladder of infranuclear type in a case of paraplegia after fracture of L 1. Left figure during 
injection; right figure during voiding. External sphincter spasm and constantly open bladder neck as well as 

raised bladder are the typical features. 

a b 

Fig. 417. Neurogenic bladder and urethra (multiple sclerosis) 

The different types of neurogenic bladder are not clear-cut in every instance. KJELL

BERG et al. (1957) in a large series of examinations of children with neurologic disorders, 
found no direct correlation between the type of bladder changes and the localization of 
the nerve lesion. In most cases of infranuclear lesion the bladder changes were of the type 
described above, however, with an abnormally raised bladder, increased trabeculation 
in the wall, a wide bladder neck, and, during micturition, a closed external sphincter (Fig. 
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415, 416). Infection superimposed upon the neurogenic changes also influences roentgeno
logic features. Spasm in the external sphincter, cysto-ureteric reflux, for example, may be 
related to infection. Another common complication is stone formation in the upper urinary 
tract or in the bladder. 

9. Enuresis 

Enuresis is the diagnosis of patients with involuntary discharge of urine after an 
age at which control of micturition should have been attained, usually age three to four 
years. Pathologic features can be observed at urethrocystography in several instances 
of nocturnal and/or diurnal enuresis. The opinion as to incidence of such changes varies 
considerably, however. A survey of the literature is given by KJELLBERG et al. (1957). 
The authors also present a material of their own of 598 patients, with a moderate predo
minance of boys. 

Urethral valves were found in 22 cases. A slight change in the shape of the bladder, 
with a waist during micturition, and narrowing of the external sphincter was noted in 
approximately 10% of nocturnal, and 20% of diurnal enuretics and was considered a sign 
of bladder irritation in connection with infection. An angular indentation in the ventral 
urethral wall opposite the collicle was found in 25% of the cases. The authors considered 
this indentation in different degrees a transition to urethral valves, but the normal inter
muscular incisure must be kept in mind. A small number of other, non-specific changes 
was observed and it was concluded that patients with enuresis appear to present no specific 
organic changes observable at urethrocystography. The authors point out, however, that 
anomalies, infection and urologic disease may present symptoms simulating simple enuresis. 
For this reason, urologic and urethrocystographic investigation is essential in all children 
who have not gained control of urination by the age of four years. Since the incidence of 
anomalies and pathologic conditions of the urinary tract is almost twice as high in patients 
with diurnal enuresis as in normal cases, this specific group of patients need thorough 
examination. The authors also express the opinion that once organic cause is found, 
the patient should not be considered an enuretic in the usual sense of the word. 

10. Bladder fistulae 

Spontaneous fistulae can be present from the bladder to the skin or to neighbor organs. 
They may be caused by bladder disease or by disease in the neighbor organs. 

In inflammatory disease of the bladder, for example tuberculosis, fistulation may 
occur, particularly if the disease has produced urethral stricture. 

In carcinoma of the colon the tumor may infiltrate the bladder and, upon ulceration, 
cause fistula formation. In regional enterocolitis, Crohn's disease, inflammatory 'adhe
sions may be found between loops of bowel with fistulation. In such a lesion part of the 
bladder wall may be involved. A corresponding type of fistula formation is secondary to 
disease in the female genitals (Figs. 411, 412). 

The presence of a fistula between the bladder and the bowel may be anticipated by fin
dings of gas in the bladder. Unless gas-producing bacteria can be detected and there has 
been no instrumentation, this is indication of fistula formation. 

The fistula can be demonstrated by direct injection of contrast medium into the 
fistula itself, so-called fistulography. In inner fistulae a passage between the bladder and 
the bowel can be seen at cystography or at bowel examination. Occasionally the passage 
through the fistula is obtainable in only one direction and a marked edema in the walls 
of the fistula may prevent passage temporarily. In some cases the fistula cannot be filled 
at either cystography or at colon examination and direct catheterization during cysto
scopy may then be necessary in order to demonstrate the fistula. 
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II. The Prostate 

1. Hyperplasia of the prostatic gland 

The first systematic use of urethrocystography in prostatic hyperplasia was made by 
KNUTSSON in 1935. He pointed out the basic feature that the increase in size of the pros-

Fig. 418. Hyperplasia of prostatic gland. Even displacement and compression of pars prostatica with corre
sponding elevation by enlarged gland of floor of bladder 

Fig. 419. Prostatic hyperplasia. The ventro-lateral expansion in the supracollicular region makes the urethra 
lumen Y-shaped in cross sections 

tatic gland is limited to the region between the collicle and the bladder orifice. The urethral 
wall is intimately attached to the adenomatous growth in this region. This growth is 
localized posteriorly, which causes a displacement of the supracollicular part of the 
urethra anteriorly. The supracollicular part may also be markedly elongated. The orifice is 
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displaced upwards and anteriorly and the lumen of the urethra is compressed sidewise to 
form a deep sagittal cleft. In this compressed part of the urethra the collicle disappears 
and parts of the adenoma may, instead, influence the inner shape of the urethra (Figs. 
418, 419). The adenomatous mass may be somewhat asymmetric and a displacement side
wise of the urethra can result accordingly. 

Occasionally a lobus tertius, a third lobe in the midline, bulges into the base of the 
bladder and this third lobe may be the only sign of prostatic hyperplasia (EDLING, 1945) 

Fig. 420. Prostatic hyperplasia with a posterior lobe prolabating during micturition 

(Fig. 420). The posterior part of the internal urethral orifice may bulge forward markedly, 
forming a broad bar. 

The changes in the supra-collicularpart ofthe urethra may be more clearly demonstrable 
at micturition urethrocystography. 

2. Changes post-prostatectomiam 

After prostatectomy a cavity may be found representing a more or less marked 
widening of the prostatic part of the urethra, which may include the internal orifice 
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(Fig. 421). The cavity is usually supracollicular. The remaining parts of the adenoma or, 
in later stages, recurring adenoma, may cause local bulging into the cavity (Fig. 422). 
Occasionally only a slight widening of the prostatic urethra is seen, demonstrable best 
during micturition at urethrocystography. Scar formation may cause stricture in the 

Fig. 421. Status post prostatectomiam. Proximal part of pars prostatica markedly widened and slightly irre
gular 

Fig. 422. Status after prostatectomy with naked adenomas bulging into the irregular operation cavity 

posterior part of the urethra or of the internal orifice (Fig. 423). It is indicated by 
MITTY (1971) that when the internal sphincter is damaged the prostatic urethra is con
stantly exposed to the pressure of urine in the bladder, for example after prostatectomy. 
Reflux into the vas deferens and seminal vesicle is then common because the ejaculatory 
ducts often remain patent after prostatectomy. 
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Fig. 423. Status post prostatectomiam. Patient has again difficulty in emptying bladder. Marked short stenosis 
at internal orifice 

3. Carcinoma 

Prostatic carcinoma may engage an already hyperplastic prostatic gland, or it may 
represent a small tumor in an otherwise normal prostatic gland. The former type of tumor 
shows at urethrocystography changes basically of a type encountered in prostatic hyper
plasia. Diagnostic trends representing carcinoma in these cases are signs of infiltration of 
the urethral lumen, which may be rigid and irregular (Fig. 424). The changes may also 

Fig. 424. Prostatic carcinoma and urethral stricture. Irregular infiltration and marked stenosis of pars prostatica. 
Long irregular stricture in pars pendula with moderate decrease in width oflumen 
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involve distal parts of the prostatic urethra, whereas the changes at hyperplasia, as in
dicated above, are limited to the supracollicular part. Asymmetrical displacement of the 
urethra may occur in hyperplasia and in carcinoma, and is no specific sign of carcinoma. 
In cases without hyperplasia of the prostatic gland, only slight changes due to infiltration 
may be seen in the posterior urethra. Slight carcinomatous changes in a hyperplastic 
prostatic gland very often cannot be detected as such at urethrocystography. The same 
holds true for a small carcinoma in an otherwise normal prostatic gland. 

It should be pointed out that the carcinomatous changes develop on the posterior 
lobe as a rule, and that an infiltration anteriorly and into the urethra is a late phase of 
this development of the carcinoma. 

At examination of the prostatic region, parts of the pelvic skeleton are seen in the 
films. Metastases may then be seen and are usually markedly osteosclerotic. The small 
tumor is said to produce early and widespread metastases, whereas the tumor based in 
hyperplasia gives off metastases late in its development. 

4. Inflammatory lesions 

Prostatitis may affect a previously normal gland or a gland with different degrees 
of hyperplasia. The changes may be small or localized without affecting the anatomy of 

Fig. 425. Chronic prostato.vesiculitis with bladder neck sclerosis 

the urethra and thus the urethrocystographic changes may be normal, in spite of florid 
prosta ti tis. 

The gland is usually enlarged in prostatitis, with slight protrusion into the base of the 
bladder. The bladder neck may shrink (Figs. 425, 426). 

Inflammatory lesions in the prostatic gland may cause formation of cavities, and fill
ing of ducts in the gland may be obtained at urethrocystography. The advantage of using 
a highly viscous contrast medium in this connection is pointed out by MORALES and 
ROMANUS (1952). The higher pressure in the posterior part of the urethra when using such 
a medium facilitates the filling of ducts and cavities in some cases. 

The cavities may be small or large, single or multiple. The lumen is often irregular. 
The ducts may be very small and single but may also occupy the entire glandular tissue. 
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Occasionally both cavities and ducts fill better during micturition urethrocystography 
or only during that examination. 

Ossifying pelvispondylitis may be suspected or diagnosed in connection with 
prostatitis. Roentgen examination of the pelvis is then indicated, especially of the sacro
iliac joints and the spinal column. The reader is referred to the monograph by ROMANUS 
(1953) and to current textbooks for further descriptions of the skeletal changes. In every 
case of suspected prostatitis it is advisable to give attention to the sacro-iliac joints and to 
the symphysis in studying films at urography or urethrocystography. 

Calcifications of unusual size and shape may be seen in the prostatic gland as a result 
of inflammatory lesions. 

The prostatic gland may diminish in size (so-called prostatic atrophy) as a result of 
shrinkage in connection with prostatitis, but also in other types of pathogenesis (congenital 

Fig. 426. Ohronic prostatitis with bladder neck sclerosis and urethral stricture 

hyperplasia, senility, etc.). There may be no changes present at urethrocystography, or 
the lumen may be more or less regularly dilated. 

5. Contraction of the bladder neck 

The neck of the bladder may contract and sclerose in atrophy of the prostatic gland, 
hyperplasia, neurogenic disturbances, inflammatory lesions, etc. This causes a rigidity of 
the internal orifice, with functional derangement and difficulty in emptying the bladder. 
As pointed out by EDLING, the process may be of two types: contraction of the bladder 
neck with bar formation, representing an enlargement of the third lobe of the prostatic 
gland or contraction of the bladder neck with circular contracture, characterized by a 
short, circular stenosis. The changes are demonstrable best at micturition. SCHOPFNER 
(1971) points out that in many cases, however, especially in children, the diagnosis of a 
bladder neck contracture represents overdiagnosis. 
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III. The Urethra 

1. Anomalies 

a ) Hypospadia 
Hypospadia, the most common anomaly, represents a non-closure of the floor of the 

urethra. The orifice may open dorsally close to the normal position of the orifice urethra 
brevis virilis or more proximally between the glans and the perineum. 

b) Epispadia 
In epispadia there is an incomplete closure of the urethra dorsally. In ectopia of the 

bladder this anomaly has its most complete form. 
These types of anomaly have their main interest, from a roentgen-diagnostic point 

of view, in their influence on the entire urinary tract, for example in connection with 
other anomalies and with infection. Locally they may represent problems in the technique 
of urethrocystography, from the point of view of application of the instrument for 
examination. 

c) Double urethra 
In double urethra, constrast medium can be injected through an extra orifice on the 

glans, in the sulcus coronarius, or in the dorsal part of the penis. It may fill a blind duct 
of varying length. This incomplete urethra may be close to complete, thus ending in the 
normal urethra near the bladder (Fig. 427). The double urethra may be complete, however 
with two urethras from the bladder lumen. The anomalous extra urethra may take its 
course outside the internal sphincter and in this case gives symptoms of incontinence. 

Fig. 427. Double urethra. Dorsal urethra starts in proximal part of pars prostatic a of "conventional" urethra, 
thus incomplete double urethra 
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d) Diverticula 

Diverticula, small or large, single or multiple, are usually localized in the lower part 
of the urethra and most commonly, in male patients, anteriorly in the cavernous part. 
They may be oval and flat and have an even contour (Fig. 428). Diverticula may, al
though rarely, contain stone (Fig. 428). 

A related type of anomaly is represented by partial divisions of the lumen by a mucosal 
fold (EDLING) separating small portions of the urethral lumen from the main lumen. 

a b 

c d 

Fig. 428. Diverticulosis in female urethra. a) At middle of urethra, b) (photofluorography) in distal part of urethra 
Diverticulum with stone formation. c) U rethrocystogra phy during voiding. Moderate dila ta tion of prostatic and 
membranaceous part of urethra. Filling dorsal to verumontanum of cavity containing stone. d) Urethrography 
during urethroscopy. Filling, from opening on verumontanum, of cavity containing multitude of stones 
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e ) Urethral valves 

Urethral valves represent an important anomaly in children. They are seen almost 
exclusively in boys and have been referred to in the literature in relation to the intricate 
embryology of the posterior part of the urethra or in connection with the sexual differen
tiation of this part. 

Fig. 429. Sail-like valve formation in posterior part of membranous urethra_ At micturition, marked dilatation 
of urethra proximal to valve. Trabeculation of bladder and reflux into markedly dilated ureters 

a b 

Fig. 430_ Urethral valve. a) Urography: slight dilatation of ureter on right side_ No excretion on left side. 
b) Urethrocystography: marked cysto-ureteric reflux into widened ureter and wide, deformed kidney pelvis 
corresponding to markedly hypoplastic kidney. c) Urcthrocystography: circular membrane in posterior part of 

membranous urethra. Filling of small colliculus 
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In general, the literature describes three types of urethral valves: 1) a prominent 
fold from the region of the collicle runs distally and forms one or, in most cases, two thin 
sails fixed to the urethral wall, 2) the same type but extending proximally to the interior 
orifice, 3) a more or less marked, thin diaphragm blocks the urethral lumen anywhere in 
the posterior part of the urethra. It must be pointed out that a valve formation can vary 

Fig. 430 c 

Fig. 431. Urethrocystography: thin fold formation opposite colliculus in pars prostatica urethrffi 

considerably in shape and size, and borderline cases can be seen where it is impossible 
definitely to decide if a small plica represents a sail formation or is a normal variation 
(Figs. 429-431). 

A thorough description of the roentgenology of urethral valves is given by KJELL

BERG et al. (1957). These authors have observed two types of valves: a sail-shaped valve 
and one resembling a diaphragm (corresponding to 1) and 3) above), both with great 
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variations in extension and effect upon urinary drainage. The authors stress that in some 
instances sail-like, hypertrophic, "normal" folds may be present without causing any ob
struction. 

The obstructive effect is the important one and can cause marked hydronephrosis 
and severe renal damage. 

The obstructive valve may be localized on different levels of the posterior part of the 
urethra and affects mainly the ventral part. Valves are usually found at the level of the 
verumontanum and, accordingly, opposite this anatomic landmark. Reference should be 
made here to the normal anatomy of the posterior part of the urethra. The intermuscular 
incisura (see above) must not be mistaken for valves. This incisura is usually localized 
ventrally, but can occasionally be circular. It does not affect urinary drainage, as does 
the valve, which more or less markedly causes blockage of the passage of urine at voiding. 

In severe obstructions, the bladder wall is markedly hypertrophic, with increased 
trabeculae and formation of diverticulae. Cysto-ureteral reflux is often present and one 
or both ureters and kidney pelves may be greatly dilated, as is, of course, the part of the 
urethra proximal to the lesion (see Figs. 429, 430). 

The thickness of the sail in the sail-shaped type of valve can vary considerably. In the 
diaphragm type of valve, the orifice, which is always in the dorsal part of the urethra, 
can in severe cases have a pin-point size, but in some cases only a slight fold marks 
the valve. 

The best method of demonstrating the anomaly and its effect on drainage is of course 
through micturition cystourethrography. Suitable projections and well exposed films 
are necessary during micturition in order to demonstrate the changes, especially in thin 
sails or diaphragms. 

After treatment (usually transurethral valvular resection), the obstruction can be 
shown at micturition cystourethrography to have more or less completely disappeared, 
and secondary obstructive changes in the bladder, ureters, and kidney pelves to have 
decreased. 

Sail-shaped valve formations may also be found in the anterior part of the urethra. 
HOPE et al. (1970) report the occurrence of such valves in two boy patients. The valve 
caused no obstruction to the retrograde flow in one of these cases, but produced consider
able obstruction during voiding. TEXTER and ENGEL (1972) point out the rarity of this 
anomaly. 

Urine ascites has been reported by MONCADE et al. (1968) in connection with uri
nary outlet obstruction. A rupture can occur in the dilated collective system. Three cases 
are described where at cystourethrography reflux was seen from the bladder into markedly 
dilated ureters and kidney pelves and where from a tear in the superior fornix contrast 
medium escaped perirenally and into the peritoneal cavity. 

2. Inflammatory lesions 

There is seldom cause to perform urethrocystography in acute inflammatory lesions 
of the urethra. The lesions of importance in chronic stages are mainly strictures, fistulae, 
and diverticula (see above). In less marked stages of an acute or chronic infection, the mu
cosa is thickened and the floor of the bladder is raised by inflammatory enlargement 
of the prostatic gland. Passage of contrast medium into the prostatic ducts, and occasion
ally into the cowperian ducts, can be seen. Swelling of the cowperian glands may cause 
a slight indentation in the urethral wall. The utriculus may be dilated. The bladder may 
have a thick wall and trabeculation may be present. The internal orifice may be narrow 
and a narrowing may also be seen at the external sphincter, which is contracted (Fig. 
432). 
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3. Strictures 

Strictures of the urethra may be caused by infection, for example gonorrhea localiz
ed mainly in the anterior part of the urethra, tuberculosis (very rare), or by trauma, 
for example in connection with catheterization or cystoscopy (iatrogenic strictures). The 
trauma may also be direct or caused by a laceration in fracture of the pelvis. Strictures 
may also be congenital (see above) (Figs. 433, 434). 

A stricture may be localized in any part of the urethra. It may be short or long. In· 
flammatory strictures are usually long, whereas traumatic strictures are short. A stric-

Fig. 432 Fig. 433 

Fig. 432. Urethritis in girl five years of age. Swelling of mucosa causing narrowing oflumen 

Fig. 433. Marked irregular stricture in pars membranacea (as residuum of gonorrhoic urethritis). Filling of 
ditated prostatic ducts 

a b 

Fig. 434. a) Marked stricture in pars membranacea. b) Dilatation of urethra proximal to stricture at micturition. 
Filling of a cowperian gland 

31 Handbuch der med. Radiologie, Bd. XIIl!l 
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ture has occasionally the character of a thin diaphragm. Occasionally long parts of the 
urethral lumen may be involved. This involvement may be very irregular. Strictures are 
often multiple. It must be borne in mind that strictures affect the urethral lumen differ
ently. Strictures in the posterior part of the urethra, because of the anatomy of this part, 
cause prestenotic dilatation at micturition, at a late stage, whereas in the anterior part 
of the urethra with its pliable wall, a prestenotic dilatation is seen at a very early stage. 
'With the use of in-dwelling catheters in the urethra, strictures are occasionally seen at 
the penoscrotal angle. 

Strictures can be studied at injection of contrast medium and at different degrees 
of filling a complete picture of the stricture can be obtained. A good result is often secured 
by the use of micturition urethrography, which can give a picture of the effect of the 
stricture on urinary flow. It has been pointed out by MORALES and ROMANUS (1954) that 
during micturition under ordinary conditions, the maximal width of the urethra is not 
used. Therefore, a very slight stricture, demonstrated at maximal distention of the ure
thra during urethrography, may not at all affect the passage of urine. 

Fistula formation may be seen in connection with strictures and filling of para-urethral 
cavities may be obtained. They may be from a few millimeters to one centimeter in dia
meter, usually forming a line parallel to the lumen along the dorsal part of the urethra. 

Filling may also be obtained of the prostatic ducts and of Cowper's ducts and glands. 
In catheterization of patients with strictures, false passages may be found which at 

urethrocystography can well be demonstrated. 

4. Trauma 

Trauma to the urethra is very common. At direct trauma, usually a short laceration 
may be caused, from which a short stricture may develop. More severe lacerations can 
cause complete rupture of the urethra and, in some cases, fistula formation (Figs. 435-
438). 

a b c 

Fig. 435. Trauma with rupture of urethra. a) Urethrocystography: marked extravasation two weeks after 
trauma. b) Three months later: marked stricture and thin irregular fistulae. c) Post opcration: fistulae closed, 

lumen irregular but wide 
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Because of the anatomic relationship between the urethra, the pelvic muscles and the 
bony pelvis, fractures in the anterior part of the pelvis may directly or indirectly cause 
laceration, with rupture in the posterior part of the urethra. 

The most common trauma is the iatrogenic trauma in connection with cystoscopy, 
catheterization, etc. (Comments have been made above on the anatomic conditions which 

Fig. 436. Complete rupture of the urethra in a case of pelvic fracture (left figure). Non·successful suture, and 
healing with a false passage outside the external sphincter, consequently with incontinence (right figure) 

a b c 

:B'ig. 437. Trauma with fracture of pelvis, lysis in symphysis and rupture of bladder eight months previously, 
now fistula to skin a) and b) Urethro-cystography: slight filling of fistula from pars prostatica urethrae. c) Fistulo

graphy: long, very irregular fistula to proximal part of urethra 

31* 
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a b 

Fig. 438. Trauma with pelvic fracture and rupture of urethra one year previously. a) Urethro-cystography. b) 
Retrograde filling via catheter introduced through orificium externum to stricture: marked irregularity by scar 

formation of pars prostatica and posterior part of pars membranacea 

Fig. 439. False passage. Short stricture in posterior part of pars pendula. False passage from stricture along 
ventral aspect of urethra 
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make venous reflux easy. This makes the choice of water-soluble contrast agents for 
urethrocystography necessary). Lesions caused by such procedures may in turn cause 
local scar formation, with more or less marked stricture. 

A so-called false passage may occasionally be detected at urethrocystography (Fig. 
439). This may be seen as a double canal of a shorter or longer distance. The two canals 
unite posteriorly and anteriorly. A dead-end canal may result occasionally when an in
strument is forced through the urethral wall and then withdrawn. 

5. Urethral tumor 

The most common type of tumor engaging the urethra is prostatic carcinoma (see 
above). A bladder tumor may also encroach upon the adjacent part of the urethra or a 
papillomatous bladder tumor may continue into the urethra. 

Fig. 440. Primary papillomatous carcinoma of the urethra localized in prostatic and membranaceous parts. 
(In addition, short irregular, marked stricture and filling of cowperian duct at borderline pars membranacea -

pars prostatica) 

Malignant tumors primary in the urethra are very rare. Urethral carcinoma is usually 
of the squamous cell type and located proximally in the anterior part of the urethra, in 
the bulbous part (Figs. 440-443). In chronic strictures, squamous cell carcinoma may 
develop. It is difficult to detect at urethrocystography a carcinomatous part of an other
wise very irregular stricture. 

Benign tumors of the urethra are more common, but are still rare. The best known 
type is polyp or papilloma. DOWNS in 1970 found only 29 cases in a review of the literature. 
The tumor is localized in the posterior part of the urethra, usually at the level of the 
verumontanum, but it may be found in the anterior part of the urethra and in the most 
proximal part, at the internal orifice. This type of tumor is found in children and is believed 
to be congenital because the growth does not follow the general growth of the child (Fig. 
444). The earliest detected case of a tumor by urethrocystography was reported by HEGE

DUS and ORMIAN (1971) in our department, in a girl, on the fourth day after birth. A well 



Fig. 441. Primary carcinoma of urethra. Slightly irregular infiltration, 2 em long, with moderate decrease in 
width of urethra lumen, in posterior part of pars pendula 

Fig. 442. Primary carcinoma of urethra. Filling of slightly irregular shallow 
ulceration in carcinoma in posterior part of pars pendula 

Fig. 443. Tumor in long part of urethra, mainly pars prostatica, distal part 
of pars membranacea, and proximal part of pars pendula. Irregular infiltra
tion of wall and some polypous masses. Tumor originated in bladder mucosa 

at. base of bladder with internal orifice 
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defined, rounded tumor is seen at urethrocystography. The tumor may be slightly move
able within the urethra and, if localized in the proximal part, can pass partly into the blad
der and cause urinary obstruction; otherwise polyps are usually detected at examination 
because of hematuria. 

a b 
Fig. 444. Boy with benign polyp in urethra originating at colliculus. Polyp has long stalk making possible locali
zation of polyp at retrograde filling a) in base of bladder and at micturition, b) in posterior part of pars pendula 

6. Stone and foreign bodies 

In cases of the passage of stone after an attack of renal colic, the stone may be arrest
ed in the urethra for a certain period of time. Therefore, when stone is sought, the penis 
should be included in the examination of the male patient after such an attack, parti
cularly upon checking after the disappearance of a previously seen stone. 

Stone may be lodged or formed in the cavity found after prostatectomy. A urethral 
diverticulum may also contain stone. 

Calcification may occur in desquamated tissue in connection with an operative proce
dure on the urethra, or on a suture after such a procedure. 

Foreign bodies in the urethra are not uncommon in children and in certain psychotic 
patients. They may calcify completely or partly. They are usually easily detectable, even 
if not calcified, at plain films or at urethrocystography. 

IV. Cystoureteric Reflux 

The distal parts of the ureter consist of a paravesical part 2 to 3 cm long, with longi
tudinal muscle fibers; an intramural part 9 mm in length, also with longitudinal muscles 
surrounded by bladder muscles; and a submucous part 7 mm in length. The longitudinal 
muscles in the latter part deviate partly into the trigon, partly downward to the bladder 
outlet (GREGOIRE and DEBLED, 1971). In addition, muscle fibers from the bladder form 
the Waldeyers sheath around the distal part of the ureter for a distance of 1 to 3 cm. 

This intricate muscle system with the corresponding nerve monitoring regulates uri
nary flow in the direction ureter to bladder, but blocks retrograde flow. Because of this 
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regulatory mechanism, no reflux of contrast medium occurs to the ureters during urethro
cystography. A slight transitory reflux has been noted very occasionally, however, during 
cystography in children with no demonstrable urologic disease. Thus IANNACCONE and 
PANZIRONI (1955) found transitory regurgitation into a ureter in one out of 50 cases. 
IANNOCCONE later performed cystography periodically in infants and in only one case 
found a small transitory reflux (1966). 

Fig. 445. Cystoureteric reflux during urethrocystography into both ureters, which are moderately dilated, up 
into pelvis of both kidneys with marked pyelonephritic changes and shrinkage 

Reflux is common under pathologic conditions. Thus in children with obstruction 
to bladder drainage, with urethral valves, for example, a marked incompetence of one or 
both ureteral orifices is present, with dilatation of ureters and kidney pelves. In many 
other instances reflux is seen. GRAF et al. (1964) reviewed roentgenologic findings in 50 
patients with spina bifida and myelomeningocele and found progressive renal damage 
occuring over a period of years. Ureteral reflux, demonstrated by delayed cystography, 
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was present in more than half of the patients, in six of which the bladder was apparently 
normal. Twenty-three patients had dilated kidney pelves. Associated lower tract damage 
was present in the great majority of these patients. 

DAMANSKI (1965), in 455 paraplegics studied by cystography, found reflux in one
fourth of the patients, with a higher incidence in upper motorneurone lesions than in 
lower. 

Reflux causes damage in two ways: back pressure can cause severe damage to kidney 
function and reflux incurs spread of infection. KJELLBERG et al. (1957) found reflux in 34 % 

Fig. 446. Cystoureteric reflux. Injection of contrast medium during cystography with a pressure of75 em water. 
Marked reflux to both ureters and kidney pelves with dilatation on right side. Reflux continues up into renal 

tubuli 

of children with recurrent urinary infection. The importance of reflux in pyelonephritis 
from both of the above-mentioned points of view has been stressed by HINMAN and 
HUTCH (1962) and by HODSON (1967), for example. The latter author believes that reflux 
provides the answer regarding the pathway of infection in the vast majority of cases of 
pyelonephritis and that it also provides a ready-made mechanism by which infection 
maintains itself (see Fig. 445). 

STEPHENS and LENAGHAN (1963), however studied 34 patients with vesico-ureteric 
reflux for a period of up to ten years and found no infection or change in kidney function. 
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SUNDIN and FRITJOFSSON (1965) found three patients to have sterile urine and normal renal 
function one to 11 years after the first detection of reflux. 

The reflux may be very marked and continue from the kidney pelvis into the tubules 
(Fig. 446). 

A marked dilatation can be seen not infrequently of the kidney pelvis and the ureter 
on one or both sides in connection with cystoureteric reflux, where, during urography, 
no dilatation was seen (Fig. 447). 

a b 

Fig. 447. a) Urography in patient with persistent urinary infection. Ordinary excretion. Marked plasticity 
especially of right kidney pelvis. b) Cystoureterie reflux in connection with cystography. Marked reflux to ure

ters and kidney pelves with marked dilatation as compared with conditions during urography 

During urethrocystography reflux may occur into a ureter with an ectopic orifice 
in the urethra (Fig. 448). 

Reflux may be iatrogenic, caused by surgical procedures. Thus extraction of a ureteric 
stone or meatotomy of the ureteric orifice to remove stone may occasionally cause reflux. 
GREGERSEN and Buus (1971) found cysto-ureteric reflux in three patients out of 24 in 
whom meatotomy was performed. The reflux gave rise to symptoms of urinary tract 
infection in one patient, in whom the reflux improved after the infection had been treated. 

Several surgical methods have been designed to arrest reflux. In this connection it 
should be pointed out that the clinical differentiation between primary and secondary 
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reflux cannot be made roentgenologically. The latter type of reflux is supposed to be due 
entirely to infection, for example, and therefore in several instances a long period of anti
infectious treatment is recommended before surgical therapy is contemplated. 

The reflux phenomenon may be rapid and transitory during cystography. The cysto
graphic examination should therefore be made under fluoroscopic control, when reflux 

a b 

Fig. 448. Reflux from proximal part of urethra into ureter to cranial kidney pelvis in double kidney with ectopic 
orifice in proximal part of urethra a), urography b) 

is usually easily seen. The examination should include films of the ureter and kidney pel
ves, with the patient in supine position, at least at the end of the examination, in order 
to determine if reflux of contrast medium has occurred. It must be stressed, however, that 
even in the presence of reflux seen and documented during fluoroscopy, the kidney pelves 
and the ureters may be completely empty at the end of the examination. 
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It must be stressed further that a normal appearance of the kidney pelves and ureters 
at urography does not exclude the presence of cysto-ureteral reflux. It is occasionally 
surprising to observe how in such a case a marked reflux may occur at cystography, with 
demonstration of widening of the proximal urinary pathways. Cystography should there
fore be performed in each case where reflux could be a factor in the pathophysiology of 
a clinical situation. It should be pointed out here that in connection with surgical correc
tion of the ureteric ostium because of vesico-ureteric reflux, the operative procedure may 
cause temporary, complete, or incomplete block of urine flow through the ureteric orifice. 
This causes stasis in the homolateral kidney. It is a good rule to check post-operative 
conditions by urography shortly after operation in this, as in all other operative procedures 
on the ureter. 
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Absto13ung, Nierentransplantat, Angiographie, rejec-
tion, renal transplantation, angiography 416, 417 

Absce13, Niere, abscess, renal 385 
-, perinephritischer, abscess, perinephritic 378 
Abusus, Analgetica, Nierenbeckentumoren, abuse, an-

algetic drugs, tumors of renal pelvis 213 
Acetylcholin, Pharmakoangiographie der Niere, ace

tylcholin, pharmacoangiography, kidney 83 
Adenocarcinom, Harnblase, adenocarcinoma, urinary 

bladder 452 
Atologie, Harnsteine, etiology, urinary calculi 116 
-, Konkremente der ableitenden Harnwege, etiology, 

concrements of urinary tract 128 
Agenesie, Nierenparenchym, agenesia, renal paren

chyma 93 
Akute Urographie, Uretersteinkolik, acute urography, 

ureteric stone colic 167 
Akutes Nierenversagen, acute renal failure 354 
-, nach Urographie, acute renal failure, after uro

graphy 55 
Akzessorische Nierenarterien, accessory renal arteries 

108 
Allergische Reaktionen, Kontrastmittel, allergic reac

tions, contrast media 56 
Alter, Harnsteine, age, urinary calculi 117 
Ampullares, dentritisches Nierenbecken, ampullary, 

dendritic kidney pelvis 31 
Amyloidosis, Niere, amyloidosis of kidney 428 
Anaplastisches Carcinom, Nierenbecken, anaplastic car

cinoma, renal pelvis 217 
Anastomosen, arteriovenose, anastomoses, arterioven

ous 271 
Anastomose, Nierentransplantat, anastomosis, trans

planted kidney 417 
Anatomie, Harnblase, anatomy, urinary bladder 

436 
-, Harnleiter, Orificien, anatomy, ureter, ureteric 

orifice 35, 36 
-, Information der Urographie, anatomy, information 

about urography 60, 61 
-, multiple Nierenarterien, anatomy, multiple renal 

arteries 108 
-, Nebenniere, anatomy, suprarenal gland 22 
-, Niere, anatomy, kidney 8-16 
-, Nierenarterien, anatomy, renal arteries 67, 73, 78 

Anatomie, Nierenbecken, Pyelographie, anatomy, 
renal pelvis, pyelography 29 

-, Nierenhilus, Nephrogramm, anatomy, renal hilus, 
nephrogram 39,40 

-, Nierenvenographie, anatomy, renal phlebography 
85 

-, retroperitoneale Pneumographie, anatomy, retro
peritoneal pneumography 18, 21 

Aneurysma, arteriovenoses, Angiographie, aneurysm, 
arteriovenous, angiography 271 

-, falsches, Niere, aneurysm, false, of kidney 270 
-, falsches, nach Nierenbiopsie, aneurysm, false, after 

renal biopsy 301 
-, Nierenarterie, aneurysm, renal artery 267 
-, multiple, Nierenarterie, aneurysms, multiple, renal 

artery 267 
Angeborene polycystische Nierendegeneration, Sche

ma, congenital polycystic kidney, schema 94 
Angio-Conray, Strukturformel, angio-conray, struct

ural formula 46 
Angiogra phie, siehe Nierenangiogra phie, angiography, 

see renal angiography 
-, abdominale, retroperitoneale Pneumographie, an

giography, abdominal, retroperitoneal pneumogra
phy 19 

-, Angiolipom der Niere, angiography, angiolipoma 
of kidney 202 

-, Angiomyolipom, angiography, angiomyolipom 203 
-, arteriovenoses Aneurysma, angiography, arterio-

venous aneurysm 271 
-, Blasencarcinom, angiography, bladder carcinoma 

459---461 
-, Blasenpapillom, angiography, bladder papilloma 

457 
-, chirurgisch freigelegte Niere, angiography, oper

atively exposed kidney 68 
-, doppelseitiges Nierenbeckencarcinom, angiogra-

phy, bilateral carcinoma of renal pelvis 218 
-, Einrichtung, angiography, equipment 3 
-, Fibrolipomatose, angiography, fibrolipomatosis 
-, Fiillung von Gallenblasen, angiography, filling of 

gallbladder 51, 53 
-, Funktion des Nierentransplantates nach, angio-

graphy, function of transplanted kidney after 417 
-, Harnblase, angiography, urinary bladder 444 
-, Hydronephrose, angiography, hydronephrosis 219 
-, Karotis-, Vertebralis-, Gehirnmetastasen, angio-

graphy, carotid, vertebral, cerebral metastases 189 
-, multiple Nierenarterien, angiography, multiple re

nal arteries 108 
-, Nieren, angiography, renal 63--85 
-, Nierenanomalien, angiography, renal anomalies 

III 
-, Nierencarcinom, angiography, renal carcinoma 182 
--, Nierencysten, angiography, renal cysts 225, 230 
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Angiographie, Nierentransplantation, angiography, 
renal transplantation 415 

-, normale BeckengefaBe, angiography, normal vessels 
of pelvis 440 

-, pathologische GefaBe, A. ureterica, angiography, 
pathologic vessels, ureteric artery 219 

-, polycystische Nierendegeneration, angiography, 
polycystic disease kidney 94, 237 

-, post mortem, Nierencarcinom, angiography, post 
mortem, renal carcinoma 187 

-, Pyelonephritis, angiography, pyelonephritis 360 
-, renaler Hochdruck, angiography, renal hypertension 

264 
-, "stumme Niere", angiography, "silent kidney" 

170 
-, Untersuchung der Stromungsgeschwindigkeit, an

giography, flow studies 81 
Angiokardiographie, Entdeckung von NierenmiBbil

dungen, angiocardiography, detection of renal mal
formations 95 

Angiolipom, Niere, angiolipoma, of kidney 202 
Angiomyolipom, Niere, Angiographie, angiomyolip

oma, of kidney, angiography 203 
Angiotensis, Nierencysten, angiotensic, renal cysts 

225 
Angiotensin, Pharmakoangiographie der Niere, angio

tensin, pharmacoangiography of kidney 83, 186 
Anomalie, siehe MiBbildung, anomaly, see malformation 
Anomalien, Harnblase, anomalies, urinary bladder 

446 
-, Harntrakt, anomalies, urinary tract 85-115 
-, Niere, Konkremente, anomalies, renal, concre-

ments 119 
Antegrade Pyelographie, Technik, antegrade pyelo

graphy, technique 24, 40 
Anurie, Myelom, Urographie, anuria, myeloma, uro

graphy 55 
-, nach Pyelographie, anuria, after pyelography 

42 
-, postoperative, anuria, postoperative 463 
-, reflektorische, anuria, reflex 158 
-, Ureterenunterbindung, anuria, bilateral ligation of 

the ureters 330 
Aortenaneurysma, Verlagerung des Ureters, aortic, 

aneurysm, displacement of ureter 37 
Aortenpunktion, Nierenangiographie, aortic puncture, 

renal angiography 64 
Aortographie, lumbale, Nierentumor, aortography, 

lumbar, renal tumor 184 
-, Nierencyste, aortography, renal cyst 228 
-, renaler Hypertonus, aortography, renal hyperten-

swn 285 
Aplasie, Nierenparenchym, aplasia, renal parenchyma 

93 
Appendicitis, akute, Veranderungen bei Urographie, 

appendicitis, acute, changes of urography 157 
Arterielle Thrombose, Nierencarcinom, arterial throm

bosis, renal carcinoma 187 
Arterielle Versorgung, Niere, Varianten, arterial supp

ly, kidney, variations 76 
Arterien, Niere, Anatomie, arteries, renal, anatomy 

73 
Arteriographie, Niere, siehe Angiographie, Nierenan

giographie, arteriography, renal, see angiography, 
renal angiography 

Arteriographie, intrarenales Nierenbecken, arteriogra
phy, intrarenal kidney pelvis 99 

-, Nierentuberkulose, arteriography, renal tubercu
losis 251 

Arteriosklerose, NierengefaBe, arteriosclerosis, renal 
vessels 259 

Arteriovenose, Anastomosen und Fisteln, arterioven
osis, anastomoses and fistulae 271-276 

Arteriovenose Fistel, nach Nierenbiopsie, arterioven
osis fistula, after renal biopsy 301 

AT10' Verkalkung, Nierenbecken, AT1O' calcification, 
renal pelvis 127 

Atemexkursionen, Niere, normale, respiratory excur
sions, kidney, normal 10, 11 

Atmung, Kontrastmittelwirkung, respiration, effect of 
contrast media 47 

Aufnahmefrequenz, Angiographie, frequency of ex
posures, angiography 3 

Ausscheidung, Kontrastmittel, Urographie, excretion, 
contrast medium, urography 48 

-, - - heterotope, excretion, contrast medium, uro
graphy, heterotopic 50 

Ausscheidungsurogramm, Technik, excretory urogram, 
technique 58 

Ausstiilpungen, Nierenkelche, evaginations, renal ca
lyces 91 

A vasculare Nierentumoren, avascular renal tumors 
190 

Balkenblase, multiple Divertikel, trabeculation of blad
der, multiple diverticula 446 

Bauchlage, Lage von Kelchen, Confluens und Ureter, 
prone p081:tion, position of calyces, confluens and 
ureter 28 

Befunde, photographische Begriffe, reports, photo
graphic terms 2 

Behandlung, immunosuppressive, Angiographie, treat
ment, immunosuppressive, angiography 416 

-, Kontrastmittelzwischenfalle, treatment, reactions 
to contrast media 56 

-, Nebenwirkungen, Steinbildung, treatment, side ef
fects, stone induction 127 

-, Nierentuberkulose, treatment, renal tuberculosis 
256 

-, Nierenverletzung, treatment, renal injury 306 
-, Spatergebnisse: Nierencarcinom, treatment, late 

results: Renal carcinoma 205, 206 
Berechnung, Nierenvolumen, calculation, of renal 

volume 16 
Bettlagerige Patienten, Vorbereitung zur urologi

schen Untersuchung, bedridden patients, prepara
tion for urologic examination 6 

Bettruhe, lange, Steinkrankheit, bed rest, long, urolithi
asis 127 

Beweglichkeit, Niere, normale, mobility, kidney, nor
mal 10 

-, -, im Liegen und Stehen, mobility, renal, in su
pine and erect position 11 

Bilaterale Fibrolipomatose, Niere, bilateral fibrolipo
matosis, of kidney 372 

Bilaterale Nierencysten, bilateral renal cysts 233-
238 

Bilaterale Nierentuberkulose, bilateral renal tuber
culosis 241 



Sachverzeichnis 619 

Bilaterale Stenose, Nierenbeckenabgang, bilateral 
stenosis, pelviureteric junction 316 

Bilaterale Ureterenligatur, Anurie, bilateral ligation of 
ureters, anuria 330 

Bila terale Ureterocele, bilateral ureterocele 422 
Bilaterales Nierenbeckencarcinom, bilateral carcinoma 

of renal pelvis 218 
Bilaterales Nierencarcinom, bilateral carcinoma of 

kidney 194 
Bilaterales Uretercarcinom, bilateral ureteric carci

noma 221 
Bildverstarker, Pyeloskopie, image intensifier, pyelo

scopy 26 
Bildverstarkerdurchleuchtung, Urethrocystographie, 

image intensifying fluoroscopy, urethrocystography 
435 

Bildverstarker - Fernseheinrichtung, Strahlenschutz, 
image intensifier- TV set-up, radiation protection 5 

Bildwandler, Nierenangiographie, image intensifier 
renal angiography 3 

Bilharziosis, bilharziosis 427 
Bindegewebe, retroperitoneales, Nierenfascie, Be

ziehungen, connective tissue, retroperitoneal, renal 
fascia, relations 19, 21 

Biopsie, Niere, Verletzung, biopsy, renal, injury 301 
Blase siehe Harnblase, bladder see urinary bladder 
Blase, Balken, Divertikel, bladder, trabeculation, di-

verticula 446 
-, Harnr6hre, Reflux, cystoureteric reflux 487, 488 
-, nicht gewollte Exstirpation, bladder, unintentional 

exstirpation 463 
-, Verdrangung, bladder, displacement 447 
-, Wand, Dicke der, bladder, wall, thickness of 

437 
Blasencarcinom, Ureterenobstruktion, bladder carci

noma, ureteric obstruction 331 
Blasendivertikel, Tumor, bladder diverticulum, tumO'r 

455 
-, wahrend Miktion, bladder diverticulum, during 

micturition 446 
Blattfilmwechsler, Nierenangiographie, film changer 

for film sheets, renal angiography 3 
Bleigummi, Gonadenschutz, lead rubber, gonad pro

tection 5 
Bleihandschuhe, Strahlenschutz, lead gloves, radiation 

protection 5 
Blind endender Ureter, blind ureter 89 
Blutdruck, Abfall, Abnahme der Nierengr613e, blood 

pressure, fall, decrease of kidney-size 16 
-, Kontrastmittelausscheidung im Nierenbecken, 

blood pressure, excretion of contrast media into the 
renal pelvis 49 

Blutdurchflu13, Niere, Berechnung, blood flow, renal, 
calculation 81 

Blutgefa13e, Kontrastmittelwirkung, blood vessels, 
effect of contrast media 47 

Blutgerinnsel, Harnblase, blood coagula, urinary 
bladder 453, 454 

-, Nierenarterie, blood clots, renal artery 277 
-, Nierenbecken, Differentialdiagnose, blood clots, 

renal pelvis, differential diagnosis 138 
-, Nierenbecken, Hamophilie, blood clots, renal 

pelvis, hemophilia 286 
Blutkreislauf, Niere, Einrichtung zur Darstellung, 

circulation, renal, registration, equipment 3 

Blutung, subkapsulare, Niere, bleeding, subcapsular, 
kidney 307 

Calcium, Ablagerungen, Nierenpapillen, calcium, 
deposits, renal papillare 128 

-, Ausscheidung, St6rung, excretion, disturbance 128 
Carcinom, Harnblase, carcinoma, of bladder 452 
-, Harnr6hre, carcinoma, urethra 485 
-, mit Cyste, Niere, carcinoma, with cyst, kidney 231 
-, Niere, carcinoma, of kidney 177-199 
-, Nierenbecken, carcinoma, renal pelvis 212-218 
-, Ureter, carcinoma, ureteric 218-223 
Carcinomatose, Skelet-, Steinkrankheit, carcinoma

tosis, skeletal, urolithiasis 126 
Cavographie, Nierenvenographie, cavography, renal 

phlebography 83 
-, retro-cavaler Ureter, cavography, retro-caval ureter 

113 
-, retroperitoneale Tumoren, cavography, retroperi-

toneal tumors 218 
-, Tumorthrombus, cavography, tumor thrombus 185 
Chemie, Nierensteine, chemistry, renal calculi 115 
Chemischer Aufbau, Kontrastmittel, Urographie, 

chemical composition, constrast media, urography 
42 

Cholecystographie, heterotope Kontrastmittelaus
scheidung, cholecystography, heterotopic excretion 
of contrast media 52 

Cholegrafin, Protein-Bindungskapazitat, Cholegrajin, 
protein-binding capacity 51 

Cholelithiasis, Urolithiasis, Differentialdiagnose, uro
lithiasis, differential diagnosis 155 

Cholesteatom, Niere, cholesteatoma, of kidney 205 
Chromosomenaberrationen, radiogene, chromosomal 

aberrations, radiogenous 4 
Chronisches Reflux-Phanomen, chronic reflux pheno

menon 413 
Cine-Radiographie, Harnleiterperistaltik, cine-radio

graphy, ureteric peristalsis 37 
-, Nierenangiographie, cine-radiography, renal angio

graphy 3 
-, Nierenbecken, Ureter, cine-radiography, renal 

pelvis, ureter 27 
Clysodrast, Vorbereitung, urologische Untersuchung, 

preparation, urologic examination 6 
Coagulum, Ureter 41 
Confluens, siehe Nierenbeckenabgang, confluens see 

pelviureteric junction 
Confluens, Diastole, Systole, confluens, diastole, systole 

34 
-, normale Anatomie, pelvi-ureteric junction, normal 

anatomy 29, 30, 33 
Conray, Strukturformel, structural formula 46 
"Crush-Niere", crushed kidney 300 
Cushings Syndrom, Steinkrankheit, Cushing's syn

drome, urolithiasis 126 
Cyste, siehe Nierencyste, cyst see renal cyst 
-, in das Nierenbecken rupturierend, cyst, rupturing 

into renal pelvis 227 
-, mit Carcinom, Niere, cyst, with carcinoma, kidney 

231 
-, Niere, Punktion, cyst, renal, puncture 229, 231 
-, Nierenkelch, cyst, pyelogenic 87,91 
-, Ovar, Schwangerschaft, cyst, ovarian, pregnancy 

338 
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Cyste, pyelogene, Steinbildung, cyst, pyelogenic, stone 
formation 131, 133 

-, Niere, Carcinom, cyst, renal, carcinoma 195 
-, -, Differentialdiagnose, cyst, renal, differential 

diagnosis 209, 210 
Cysten, Echinococcus, Niere, cysts, hydatid, of kidney 

233 
-, Cysten, Niere, cysts, of kidney 223-238 
-, -, lymphatische, cysts, renal, lymphatic 232 
Cystinsteine, Leeraufnahme, cystine stones, plain 

radiography 132 
Cystinurie, Steinkrankheit, cystinuria, urolithiasis 127 
Cystitis, emphysematiise, cystitis emphysematous 451 
-, tuberkuliise, cystitis tuberculous 248 
-, Ureterenostien, ureteric cystitis orifices 61 
Cystocele, cystocele 447, 448 
Cystographie, Doppelkontrast, cystography, double 

contrast 443 
-, papillares Carcinom, cystography, papillary carci

noma 215 
-, Technik, cystography, technique 437 
Cystoskopie, Meteorismus, cystoscopy, meteorism 6 

Darmgas, Reduktion, urologische Untersuchung, in
testinal gas, reduction, urologic examination 6 

Darmgase, Verminderung, Medikamente, intestinal 
gas, reduction, drugs 7 

Dendritisches, ampullares Nierenbecken, dentritic, 
ampullary kidney pelvis 31 

Densitometrie, Nierenangiogra phie, densitometry, renal 
angiography 89 

Dermoidcyste, Ovarium, Schwangerschaft, dermoid 
cyst, ovarian, pregnancy 338 

Desensibilisierung, Kontrastmittelreaktionen, desen
sibilization, reactions induced by contrast media 
57 

Diabetes, Nierenversagen nach Urographie, diabetes, 
renal failure after urography 55 

-, Papillennekrose, diabetes, papillary necrosis 371 
-, Verkalkung der Vasa deferentia, diabetes, calci-

fication of vasa deferentia 436 
Diagnose, preoperative, Nierencarcinom, diagnosis, 

preoperative, renal carcinoma 205 
Diastole, Systole, Nierenbeckenabgang, Ureter, diastole 

systole, pelvi ureteric junction 34, 38 
Dichte, relative, Nierensteine, density, relative, renal 

calculi 132 
Dickdarm, Carcinom, Ureterverlagerung, large bowel, 

carcinoma, displacement of ureter 218 
-, heterotope Kontrastmittelausscheidung, large bo

wel, heterotopic excretion of contrast medium 53 
Differentialdiagnose, blind endender Ureter, Ureter

divertikel, differential diagnosis, blind ureter, 
ureteric diverticulum 90 

-, Cholelithiasis, Urolithiasis, differential diagnosis, 
cholelithiasis, urolithiasis 155 

-, doppelte Niere, doppeltes Nierenbecken, diffe
rential diagnosis, double kidney, double renal pelvis 
88 

-, expansive Prozesse, der Niere, differential diagnosis, 
expansive lesions of kidney 205, 207 

-, extrarenale Prozesse, differential diagnosis, extra
renal lesions 207 

-, gutartige Nierentumoren, differential diagnosis, 
benign renal tumors 203 

Differentialdiagnose, Hypernephrose, differential dia
gnosis, hyponephrosis 309 

-, intra-, extraperitoneale Tumoren, differential 
diagnosis, intra-, extraperitoneal masses 13 

-, kleine Niere, differential diagnosis, small kidney 95 
-, Nephrocalcinose, differential diagnosis, nephro-

calcinosis 172 
-, NierenabszeB, differential diagnosis, renal abscess 

390 
-, Nierencarcinom, differential diagnosis, renal carci

noma 210-212 
-, Nierencyste, Carcinom, differential diagnosis, 

renal cyst, carcinoma 232 
-, Nierenhypoplasie, differential diagnosis, renal 

hypoplasia 95 
-, Nierenschrumpfung, differential diagnosis, shrink

age of kidney 95 
-, Nierenstein, differential diagnosis, renal stones 

138 
-, Nierentuberkulose, differential diagnosis, renal 

tuberculosis 253 
-, Nierentumor, Anomaler, differential diagnosis, 

renal tumour, anomalies III 
- Nieren-Uretersteine, differential diagnosis, renal 

ureteric stones 133 
-, Nierenverletzung, differential diagnosis, renal 

injury 295 
-, Phlebolith, Ureterstein, differential diagnosis, 

phlebolite, ureteric stone 17 
-, Prostatasteine, differential diagnosis, prostatic 

calcifications 17 
-, Ren mobile, Ectopic, differential diagnosis, ren 

mobile, ectopia 100 
-, retroperitoneale Prozesse, differential diagnosis, 

retroperitoneal lesions 207 
-, RiickfluBphenomen, differential diagnosis, back 

flow phenomenon 410,412 
-, Ureterocele, differential diagnosis, ureterocele 421 
-, Verkalkungen, Harnwege, differential diagnosis, 

calcification, urinary tract 17 
Dilatation, Harntrakt, Ursachen, dilatation, urinary 

tract, causes 308, 329, 333 
-, Ureter, Tumor, dilatation, ureteric, tumor 221 
Diodone, Strukturformel, structural formula 44 
Diodrast, Ausscheidungsmechanismus, mechanism 

of excretion 48 
Disseminierte Hamartose, Niere, Differentialdiagnose, 

disseminated hamartosis, kidney, differential diagno
sis 203 

Diuretische Wirkung, Kontrastmittel, diuretic effect, 
contrast media 48 

Divertikel, Harnblase, diverticula, urinary bladder 446 
-, Urethra, diverticula, urethra 477 
Doppelkontrast-Cystographie, double contrast, cysto-

graphy 443 
Doppelniere, Reflux Harnrohre, Harnleiter, double 

kidney, reflux from urethra into ureter 491 
-, Konkremente, double kidney, concrements 119 
-, Heminephrektomie, double kidney, heminephrec-

tomy 430 
-, Pyelonephritis, double kidney, pyelonephritis 367, 

368 
Doppelte Urethra, double urethra 476 
Doppeltes Nierenbecken, Urographie, double renal 

pelvis, urography 87 
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Dosis, genetisch signifikante, dose, genetically signi
ficant 4 

-, Gonaden, Untergrundstrahlung, dose, gonads, 
background radiation 4 

Dosisabhangige, Chromosomenaberrationen, dose rate 
dependent chromosomal aberrations 4 

Drehung, der Niere, im Liegen und Stehen, rotation, 
of kideny, in prone and upright position 12 

Drehungsanomalie, Niere, Steine, malrotation, of 
kidney, stones 121 

Drehungsanomalien, Niere, malrotation, of kidney 
97-99 

-, Niere, Angiographie, malrotations, renal, angio
graphy III 

Druckgradient, Nierenarterienstenose, pressure gra
dient, renal artery stenosis 285 

Druckschwankungen, Nierenbecken, pressure fluc
tuations, renal pelvis 27 

Ductus ejaculatorii, Urethrocystographie, urethro
cystography 440 

Diinndarm, Harnleiter-Fistel, small bowel, ureter
fistula 28 

Durchleuchtung, Gefahren, fluoroscopy, hazards 26 
-, Haufigkeit, Gonadendosis, fluoroscopy, frequenzy, 

gonad dose 4 
-, moglichst sparsame Anwendung, fluoroscopy, 

use as seldom as possible 4, 26 
Durchleuchtungskontrolle, Pyelographie, fluoroscopic 

control, pyelography 3, 24, 26 
Dysfunktion, Nierentransplantat, dysfunction, of 

transpalanted kidney 417 
Dystopie, Niere, dystopia, renal 100 
-, -, gekreuzte, dystopia, renal, crossed 102 
-, -, in der Thorax, dystopia, of kidney, thoracic 

102, 103 

Echinococcus-Cysten, Niere, hydatid CYSt8, of kidney 
233 

Einengung, Ureter, unvollstandige Fiillung, nxrrowing, 
ureter, incomplete filling 27 

Einlauf, Vorbereitung, urologische Untersuchung, 
enema, preparation of urologic examination 6, 7 

Einrichtung, urologische Rontgendiagnose, equip-
ment, urologic roentgen-diagnosis 3 

Ektopie, Niere, ectopia, renal 100 
-, Ureterenostien, ectopia, ureteric orifice 88, 114 
Emboli, Nierenarterie, embolisation, renal artery 277 
-, Nierenarteriographie, embolisation, renal angio-

graphy 72 
Embryoblastom, embryoblastoma 198 
Emphysematose Cystitis, emphysematous cystiti8 451 
Endometriose, Ureter, endometriosis, ureteric 423 
Enterocolitis, regionale, perirenaler AbszeIl, entero-

colitis, regional, perirenal abscess 382 
Entwicklung, Drehungsanomalien der Niere, develop

ment, malrotation of kidney 97 
-, Ektopie des Ureterostium, development, ectopia 

of ureteric orifice 114 
-, fehlerhafte Niere, development, defective kidney 93 
-, Nierensteine, development, renal calculi 123 
-, Konkremente, yom rontgenologischen Stand-

punkt, development, concrement, from roentgenologic 
point of view 128 

-, retro-cavaler Ureter, development, retro-caval ureter 
112 

Enuresis 469 
Eosines Granulom, Niere, eosinophilic granuloma, of 

kidney 205 
Epinephrin, Pharmakoangiographie der Niere, phar

macoangiography of kidney 83 
Epispadie, epispadia 476 
Expansive Prozesse, Differentialdiagnose, expansive 

lesions, differential diagnosis 205, 207 
Extraperitoneale Pneumographie, Indikationen, ex

traperitoneal pneumography, indications 18, 19 
Extrarenale Prozesse, Differentialdiagnose, extrarenal 

lesions, differential diagnosis 207 
-, Leeraufnahme, extrarenal processes, plain radio

graphy 12 
Extrarenale Verkalkungen, Differentialdiagnose, ex

trarenal calcifications, differential diagnosis 17 
Extraperitonealer Raum, Kontrastmittelfiillung, ex

traperitoneal space, filling with contrast medium 463 
Extravasat, Kontrastmittel, Nierenkelche, extravasate, 

contrast medium, renal calyces 401, 408 
-, Kontrasturen, expansiver ProzeIl, extravasation, 

contrast urine, expan8ive process 409 

Falsche Passage, Urethra, false pas8age, urethra 484 
Fanconi-Syndrom, Urographie, Myelom, Fanconi's 

syndrome, urography, myeloma 55 
Farbstoff-Verdiinnungsmethode, Nierenphysiologie, 

dye-dilution method, renal physiology 81 
Fernsehdurchleuchtung, Pyeloskopie, television, pyelo

scopy 26 
Fernseheinrichtung, Strahlenschutz, television set-up, 

radiation protection 3, 5 
Fettkapsel, Niere, fatty capsule, kidney 8, 21 
Fibrolipomatose, chronischer Reflex, fibrolipomatose, 

chronic reflux 410, 411 
-, Niere, fibrolipomatosis, of kidney 372-374 
Fibrom, Niere, fibroma, of kidney 202 
Fibromuskulare Hyperplasie, Nierenarterie, fibro-

muscular hyperplasia, renal artery 265 
Fibroplasie, NierengefaIle, fibroplasia, renal vessels 

259, 263 
Fibrose, retroperitoneale, fibrosis, retroperitoneal 426 
Filtration, glomerulare, Bestimmung, filtration, glo

merular, estimation 82 
Fruger, renale Osteodystrophie, frugers, renal osteo

dystrophy 175 
Fistel, arteriovenose, nach Nierenbiopsie, Nephrek

tomie, fistula, arteriovenous, after biopsy, nephrec
tomy 273, 274 

-, Blase, Rektum, fistula, bladder, rectum 465 
-, Nierenkarbunkel, fistula, renal carbuncle 387 
-, perirenaler AbsceIl, fistula, perirenal abscess 381 
-, Ureter, fistula, ureteric 430, 431 
-, Ureter, Diinndarm, fistula, ureter, smal bowel 28 
Fistelbildung, Gas im Harntrakt, fistula formation, 

gas in the urinary tract 390 
-, Verdauungs-, Harntrakt, fistulation, digestive tract, 

urinary, pathways 138 
Fisteldarstellung, perirenaler AbsceIl, fistulography, 

perisenal abscess 383 
Fisteln, arteriovenose, fistulae, arteriovenosi8 271 
-, Harnblase, fi8tulae, of bladder 469 
Fliissigkeitsentzug, Vorbereitung zur urologischen 

Untersuchung, dehydration, preparation for uro
logic examination 7 
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Fokus-Filmabstand, Leeraufnahme, Harntrakt, focu8-
film distance, plain radiography, urinary tract 8 

Form, Harnsteine, shape, urolithiosis 117 
Formvarianten, Nebenniere, shape variations, supra

renal gland 22 
-, Niere, normale, shape variations, of kidney, nor

mal 14 
-, Nierenbecken, shape variations, renal pelvis 29, 

30 
-, Nierenkelche, shape variants, renal calyces 31 
Fornix, Ruptur, Reflux, fornix, rupture, reflux 399 
Frakturen, Lendenwirbelsaule, Steinkrankheit, frac-

tures, lumbar spine, urolithiasis 127 
Frauen, kleine Niere, Differentialdiagnose, women, 

small kidney, differential diagnosis 95 
-, Nierenbeweglichkeit, women, kidneys-mobility 11 
-, NierengroBe, -Gewicht, women, kidneys-size, 

weight 14, 15 
Fremdkoper, Urethra, foreign body, urethra 487 
Freigelegte Niere, Rontgenuntersuchung, surgically 

exposed kidney, roentgen examination 22-24 
Friihdiagnose, Pyelonephritis, early diagnosis, pyelo

nephritis 360 
Fiillungsdefekt, Nierenbecken, Cyste, filling detect, 

renal pelvis, cyst 230 
Fiillungsdefekte, Harnwege, Differentialdiagnose, 

filling defects, urinary pathways, differential diagno
sis 138 

-, Kontrastmittel, Nierenstein, filling defects, con
trast medium, renal stone 137 

-, Nierenbecken, Tumoren, filling defects, renal pelvis 
tumors 213 

-, Nierenbecken-Harnleiter-Ubergang, filling defect, 
pelvi-ureteric function 27 

-, Nierenbecken, filling detects, renal pelvis 38 
Fusion, Nieren, fusion, ot kideneys 104 

Gallensteine, Verkalkungen im Harntrakt, gallstones, 
calcifications in the urinary tract 17 

Gasbildung, Nierenbecken, gas tormation, renal pelvis 
38 

Gas, Harntrakt, gas, urinary tract 390-393 
Gasembolie, retroperitoneale Pneumographie, gas 

embolism, retroperitoneal pneumography 20 
Gas-Pyelographie, gas pyelography 25 
Gaspyelogramm, spontanes, gas pyelogram, spon

taneous 390 
Geburtshilfe, Hufeisenniere, obstetrics, horseshoe kidney 

107 
-, Nierendystopie, obstetrics, renal dystopia 104 
GefaBimpressionen, Nierenbecken, vascular impres

sions, renal pelvis 38, 39 
GefaBstiel, Niere, vascular pedicle, kidney 11 
GefaBveranderungen, Nierenanomalien, vascular chan

ges, renal anomalies 107 
-, Nierentransplantation vascular changes, renal 

tr'ansplantation 415 
-, Nierentuberkulose, vascular changes, renal tuber

culosis 255 
-, primare, Niere, vascular changes, primary, of 

kidney 259 
GefaBverkalkungen, Verkalkungen in Harntrakt, 

vascular calcifications, calcifications in the urinary 
tract 17 

Gefahren siehe Komplikationen, risks see complications 
-, Durchleuchtung, hazards, of fluoroscopy 26 
-, Nierenangiographie, risks, renal angiography 71 
-, Refluxphanomen, risks, reflux phenomenon 414 
-, retroperitoneale Pneumographie, hazards, retro-

peritoneal pneumography 20 
Gekreuzte Dystopie, Niere, crossed dystopia ot kidney 

102, 104 
Genetisch signifikante Dosis, pro Person, pro Jahr, 

genetically significant dose, per person, per year 4 
Geschlecht, Harnsteine, sex, urolithiasis 117 
Gewebetoleranz, Kontrastmittel, tissue tolerance, 

contrast media 48 
GlomeruIare Filtration, Bestimmung, glomerular 

filtration, estimation 82 
Glomeruli, Ultrafiltration, glomeruli, ultrafiltration 48 
Glomerulonephritis glomerulonephritis 351-353 
-, Lungenodem, pulmonary edema 349 
-, Nephrocalcinose, nephrocalcinosis 174 
-, Nierentransplantation, renal transplantation 417 
-, Urographie, Myelom, urography, myeloma 55 
Gonaden, Dosis, groBe Unterschiede, gonads, dose, 

very great variations 4 
-, Dosis, Untergrundstrahlung, gonads, dose, back

ground radiation 4 
-, Schutz, Bleigummi, gonads, protection, lead rubber 5 
-, Schutz gegen Strahlen, gonads, protection against 

radiation 4 
Goodpasture-Syndrom, Goodpasture's syndrome 348 
Granulome, Thoriumdioxyd, granulomas, thorium 

dioxide 24 
Grawitz-Tumor, Hypernephrom, Grawitz' tumor, 

hypernephroma 176 
GroBe, Harnsteine, size, urolithiasis 117 
-, Nebennieren, size, suprarenal glands 22 
-, Niere, size, kidney 14 
-, Nierenbecken, size, renal pelvis 29, 30 
-, Nierenkelche, size, renal calyces 31 
Gutartige Nierentumoren, benign renal tumors 

200-205 

Hamangiom, Niere, hemangioma, of kidney 204 
-, racemosum, Niere, hemang'ioma racemosum, of 

kidney 272 
Hamatom, perirenales, hematoma, perirenal 289, 

295,307 
-, perirenales, retroperitoneale Pneumographie, hema

toma, perirenal, retroperitoneal pneumography 20 
-, retroperitoneales, Nierenruptur, hematoma, retro

peritoneal, renal rupture 292 
Hamaturie, blind ertdender Ureter, hematuria, blind 

ureter 89 
-, Hamangiom der Niere, hematuria, hemangioma 

ot kidney 272 
-, Hamophilie, hematuria, hemophilia 286 
-, Harnblasencarcinom, hematuria, bladder carcinoma 

454 
-, Nierenbeckentumoren, hematuria, tumors ot renal 

pelvis 215 
-, Nierenruptur, hematuria, renal rupture 291 
-, Rontgenuntersuchung, hematuria, roentgen exami-

nation 286 
-, Ureterstein, hematuria, ureteric stone 164 
Hamodialyse, diagnostische Probleme, hemodialysis, 

diagnostic problems 378 
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Hamophilie, spontanes perirenales Hamatom, hemo
philia, spontaneous perirenal hematoma 307 

Haufigkeit, multiple Nierenarterien, frequency, mul-
tiple renal arteries 108 

-, Nierendystopie, frequency, renal dystopia 102, 103 
-, Nierensteine, frequency, renal stones 115 
-, Reflux, frequency, reflux 403 
Halbseitenlahmung, retroperitoneale Pneumographie, 

hemiplegia, retroperitoneal pneumography 20 
Hamartom, Niere, hamartoma, of kidney 200 
Harnblase, Angiographie, urinary bladder, angio-

graphy 444 
-, Anomalien, urinary bladder, anomalies 446 
-, Divertikel, urinary bladder diverticulum 425 
-, Ektopie des Ureterenostium, urinary bladder, 

ectopia of ureteric orifice 114 
-, Fisteln, urinary bladder, fistulae 469 
-, Harnleiter-Carcinom, urinary bladder, urethral 

carcinoma 486 
-, Impression" AbszeB, urinary bladder, impression, 

abscess 383 
-, Infektion, urinary bladder, infection 449 
-, Leeraufnahme, urinary bladder, plain radiography 

8,433 
-, Miktion, urinary bladder, micturition 437, 441 
-, papillares Carcinom, urinary bladder, papillary 

carcinoma 215 
-, Papillom, urinary bladder, papilloma 457, 456 
-, Papillomatose, urinxry bladder, papillomatosis 212 
-, Rontgenanatomie, urinary bladder, roentgen ana-

tomy 436, 441 
-, Scheiden-Fistel, urinary bladder, vagina-fistula 465 
-, Schrumpf-, mit Ureterdilatation, urinary bladder, 

contracted, with ureter dilatation 250 
-, Steine, urinary bladder, stones 438, 466 
-, Steine, chemische Zusammensetzung, urinary 

bladder, stones, chemical composition 115 
-, Steine, Fiillungsdefekte, urinary bladder, stones, 

filling defects 125 
-, Trauma, urinary bladder, trauma 461-464 
-, Tuberkulose, urinary bladder, tuberculosis 248 
-, Tumoren, urinary bladder, tumors 451-461 
-, Ureter, Reflux, urinary bladder, vesico-ureteric 

reflux 368 
-, Ureterocele, urinary bladder, ureterocele 423 
Harnleiter, siehe Ureter, see ureter 
-, Diinndarm-Fistel, ureter, small bowel-fistula 28 
-, Leeraufnahme, ureter, plain radiography 8 
-, Orificium, Anatomie, ureter, orifice, anatomy 36 
Harnrohre siehe Urethra, see urethra 
-, Anatomie, urethra, anatomy 439, 441 
-, Ektopie des Ureterenorificium, urethra, ectopia of 

ureteric orifice 114 
Harnstauung, Atrophie des Nierenparenchyms, uri

nary stasis, atrophy of renal parenchyma 167 
Harnsteine, Chemie, urinary calculi, chemistry 116 
-, "rontgen-negative", sogenannte, urinary stones, 

non-opaque, so called 125 
Harntrakt, Anomalien, multiple, urinary tract, ano

malies, multiple III 
-, Dilatation, Ursachen, urinary tract, dilatation, 

causes 308, 329, 333 
-, distaler Teil, Rontgendiagnose, urinary tract, 

distal part, roentgen diagnosis 433-492 
-, Gas im, urinary tract, gas within 390-393 

Harntract, Indkationen zur Untersuchung, 
tract, indications for examination 4 

-, Leukoplakie, urinary tract, leukoplakia 
-, retroperitoneale Tumoren, Verlagerung, 

tract, retroperitoneal masses, displacement 
-, Steinkrankheit, urinary tract, urolithiasis 

176 

urinary 

428 
urinary 
13 
115 bis 

-, unterer, Pyelonephritis, urinary tract, lower, 
Phyelonephritis 367 

-, ableitende, konkremente, Atiologie, urinary tract, 
concrements, etiology 128 

-, Konkremente, Operation, Rontgenuntersuchung, 
urinary tract, concrements, surgery, roentgen ex
amination 135 

-, Leeraufnahme, urinary tract, plain radiography 8 
-, Physiologie, Motilitat, urinary pathways, physio-

logy, motility 27 
-, Verkalkungen, urinary tract, calcifications 17 
-, Nierenruptur, urinary tract, renal repture 302 
-, Papillennekrose, urinary tract, papillary necreosis 

371 
Helium, Kontrastmittel, retroperitoneale Pneumo

graphie, Gefahren, helium, contrast medium, retro
peritoneal pneumography, hazards 19 

Heminephrektomie, Doppelniere, heminephrectomy, 
double kidney 430 

Heterotope, Kontrastmittelausscheidung, Urographie, 
heterotopic excretion of contrast media 50-52 

Histologische Veranderungen, Nierenschadigung, 
Kontrastmittel, histologic changes, renal damage, 
contrast media 69 

Hochdruck, renaler, Angiographie, hypertension, 
renal, angiography 264 

Hochvolt-Technik, retroperitoneale Pneumographie, 
high voltage technique, retroperitoneal pneumo
graphy 19 

-, urologische Rontgenuntersuchung, high voltage 
technique, urologic roentgen diagnosis 3 

Hoden, Hochstand, Anomalien, testes, undescended, 
anomalies III 

-, Teratom, Verlagerung des Ureters, testis, teratoma, 
displacement of ureter 38 

Hodenemphysen, retroperitoneale Pneumographie, 
scortal emphysema, retroperitoneal pneumography 
21 

Hohlvene, untere, Thrombose, caval vein, inferior, 
thrombosis 283 

-, untere, VerschluB, Tumor, caval vein, inferior, 
obstruction, tumor 191 

Hufeisenniere, Steine, horseshoe kidney, stones 120 
-, Urographie, horseshoe kidney, urography 104, 105 
Hyaluronidase, Beschleunigung der Kontrastmittel-

resorption, increase the rate of absorption 53 
Hydronephrose, durch zusatzliche Nierenvene, hydro

nephrosis, caused by supplementary renal vein 
315 

-, intermittierende, hydronephrosis, intermittend 
316, 137 

-, kompensierte, akut manifeste, hydronephrosis, 
compensated, acute manifest 311 

-, Nierenangiographie, hydronephrosis, renal angio
graphy 319-329 

-, Nierenbeckencarcinom, hydronephrosis, carcinoma 
of renal pelvis 219 

-, Nierensteine, hydronephrosis, renal stones 141 
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Hydronephrose, Pyelographie, hydronephrosis, pyelo
graphy 42 

-, Thrombose der Nierenvene, hydronephrosis, throm
bosis of renal vein 282 

-, und NierengefaBe, hyponephrosis, and renal vessels 
328 

-, Ursa chen, hydronephrosis, causes 309, 329 
Hypaque, Protein-Bindungskapazitat, protein-binding 

capacity 51 
-, Strukturformel, structural formula 45 
Hypercalcamie, Nephrocalcinose, hypercalcemia, neph

rocalcinosis 174 
-, Niereninsuffizienz, hypercalcemia, renal insuffi

ciency 128 
Hypernephrom, "Grawitz-Tumor", hypernephroma, 

"Grawitz' tumor" 176 
Hyperparathyreoidismus, Theorie der Nierenstein

entstehung, hyperparathyreoidism, theory oj renal 
calculi formation 128 

Hyperplasie, fibromuskulare, Nierenarterie, hyper
plasia, fibromuscular, renal artery 265 

-, Nebenniere, hyperplasia, suprarenal gland 22 
Hyperthyreoidismus, Nephrocalcinose, hyperpara

thyroidism, nephrocalcinosis 173 
Hypophysenextrakte, Todesfalle, pituitary extracts, 

deaths 7 
Hypoplasie, Nebenniere, hypoplasia, suprarenal gland 

22 
-, Niere, Differentialdiagnose, hypoplasia, of kidney, 

differential diagnosis 95 
-, Nierenparenchym, hypoplasia, renal parenchyma 

95 
Hypospadie, 

anomalies 
Nierenanomalien, 
III 

hypospedia, renal 

"Iatrogenes" Trauma, Pyelolithotomie, "iatrogenic" 
trauma, pyelolithotomy 296 

Implantationsmetastasen, Ureter, implantation meta
stases, ureter 192 

Indikation, Nierenangiographie, Verletzung, indi
cation, renal angiography, trauma 299, 306 

-, Pyelographie bei Kindern, pyolography, children 
333 

-, Rontgenuntersuchung, Perinephritis, indication, 
examination, perinephritis 379 

-, Urographie, Nierenverletzung, indication, uro
graphy, renal iniury 287 

Indikationen, Untersuchung des Harntraktes, indi
cations, examination of urinary tract 4 

Indirekte Rontgenbefunde, perirenaler AbszeB, ~n-

direct roentgen findings, perirenal abscess 384 
Infarkt, Niere, infraction, renal 277 
Infektion, Harnblase, infection, urinary bladder 449 
Information, Patient, urologische Untersuchung, in-

formation, of patient, urologic, examination 6 
Infusions-Urographie, Technik, infusion urography, 

technique 62 
Inkrustationen, Nierenkelche, incrustations, renal 

calyces 128 
Intermittierende Hydronephrose, intermittend hydro

nephrosis 316, 137 
Internationale Kommission fiir Strahlenschutz, Inter

national Commission on Radiation Protection 3 
Intoxikation, tubulare Nephritis, intoxication, tubular 

nephritis 353 

Intra-, extra peritoneale Tumoren, Differentialdiagnose 
intra-, extraperitoneal masses, differential diagnosis 
13 

Intrarenale Segmentarterien, Anatomie, intrarenal seg
mental arteries, anatomy 74 

Intrarenales Nierenbecken, Urographie, intrarenal kid
ney pelvis, urography 98, 99 

Iodopyracet, Strukturformel, Iodopyracet, structural 
formula 44 

Ischamie, Nierenangiographie, ischemia, renal angio
graphy 72 

Jet-Effekt, Ureterenostium, iet effect, ureteric effect 
61 

"Jodidmumps", Kontrastmittelreaktion, "iodide 
mumps", induced by contrast medium 56 

Karbunkel, Niere, carbuncle, renal 378, 385 
Katheter, Blutgerinnsel, Niereninfarkt, catheter, clot 

formation, renal infarction 277 
-, falsche Passage, Urethra, catheter, false passage, 

urethra 484 
-, Lage, Pyelographie, catheter, position, pyelography 

26 
-, Verletzung, Nierenbecken, catheter, iniury of renal 

pelvis 297, 307 
Katheterisierung, multiple Nierenarterien, catheter

ization, multiple renal arteries 109 
-, Nierenangiographie, catherization, renal angiogra

phy 64 
-, Nierenbecken, Kontraktionen, catheterization, re

nal pelvis, contractions 27 
-, Nierenvenographie, catheterization, renal phlebo

graphy 83 
-, Trauma, catheterization, trauma 6, 7 
Kaudale Dystopie, Niere, caudal dystopia, of kidney 

101 
Kavernen, Nierenkelche, Tuberkulose, cavities, renal 

calyces, tuberculosis 243, 244 
Kelche, siehe Nierenkelche, calyces, see renal calyces 
Kelchdivertikel, Urographie, calyceal diverticula, uro

graphy 90, 91 
Kelchhals, Anatomie, stem of calyx, anatomy 29, 30 
Kelchsteine, Randall-Carr-Theorie der Entstehung, 

calyceal stones, Randall-Carr-theory of formation 
130 

Kind, intermittierende Hydronephrose, child, inter
mittend hydronephrosis 317 

-, Nierenstein-Entwicklung, child, development of re
nal calculi 120 

-, normale Nierenlage, child, normal position of kid
ney 9 

Kinder, Erweiterung des Harntraktes, children, di
latation of urinary tract 333 

-, Harnsteine, children, urolithiasis 117 
-,Indikation zur Pyelographie, children, indication 

for pyelography 333 
-, kleine Niere, Differentialdiagnose, children, small 

kidney, differential diagnosis 95 
-, Kontrastmittelausscheidung, children, excretion of 

contrast media 49 
-, maligne Nierentumoren, children, malignant renal 

tumors 197 
-, Meteorismus, children, meteorism 7 
-, Nierencysten, children, renal cysts 224 
-, Nierenverletzungen, children, renal iniuries 296 
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Kinder, Pyelographie, Technik, children, pyelography, 
technique 24 

-, Urethrocystographie, children, urethrocystography 
333,444 

-, Vorbereitung, urologische Untersuchung, children, 
preparation, urologic examination 6 

Kindheit, Fettkapsel der Niere, childhood, fatty cap
sule of kidney 8 

-, Vitamin D-Intoxikation, childhood, vitamin D- in
toxication 127 

Kittniere, Tuberkulose, putty kidney, tuberculosis 245 
Klassifizierung, Kelchcysten, classification, calyceal 

cysts 92, 93 
-, multiple Nierenarterien, classification, multiple re

nal arteries 78, 79, 110 
-, Nierendicke, classification, of kidneys according 

the thickness 14 
-, Nierenhypoplasie, classification, renal hypoplasia 

96 
-, Nierenruptur, classification, renal rupture 288 
-, rontgenologisches Volumen der Nieren, classifi-

cation, roentgenologic volume of kidneys 16 
-, RiickfluJ3phanomen, classification, back flow phen

omenon 397 
Kleine Niere, Differentialdiagnose, small kidney, differ

ential diagnosis 95 
Kleinsteinlauf, Vorbereitung, urologische Untersu

chung, micro-enema, preparation, urologic examina
tion 6 

Klinefilter-Syndrom, Steinkrankheit, Klinefilter's syn
drome, urolithiasis 127 

Knochen, Destruktion, Nierencarcinom, bone, de
struction, renal carcinoma 210 

-, renale Dystrophie, bone, renal dystrophy 175 
Koagulationsmechanismus, Kontrastmittel, coagula

tion mechanism, contrast media 73 
Kohlendioxyd, Kontrastmittel, retroperitoneale Pneu

mographie, carbon dioxide, contrast medium, retro
peritoneal pneumography 18, 20 

Kollateralkreislauf, Nierenarterien, collateral circula
tion, renal arteries 75 

-, Nierenarteriosklerose, collateral circulation, renal 
arteriosclerosis 263 

Komplikationen, siehe Gefahren, complications, see 
risks 

-, "ratogenes" Trauma, Pyelolithotomie, complica
tions, "ratogenic" trauma, pyelolithotomy 296, 
307 

-, Kontrastmittel, complications, contrast media 
55-57 

-, nichtgewollte Blasenexstirpation, complications, 
unintentional exstirpation of bladder 465 

-, Nierenangiographie, Infarkt, complications, renal 
angiography, infarction 277 

-, Nierenarteriographie, complications, renal arterio
graphy 71, 73 

-, Nierendystopie, Geburtshilfe, complications, renal 
dystopia, obstetrics 104 

-, retroperitoneale Pneumographie, complications, 
retroperitoneal pneumography 20 

-, Strahlennephritis, complications, radiation nephri
tis 374 

-, Urethrocystographie, complications, urethrocysto
graphy 444 

Konkrement, siehe Stein, concrement, see stone 

40 Ha,ndbuch der med. Radiologie, Bd. XlIII 1 

Konkrement, Ureter, fehlender Nachweis, concrement, 
ureteric, absence of demonstrable 157 

Konkremente, Bildung, von rontgenologischen Stand
punkt, concrements, formation, from roentgenologic 
point of view 128 

-, Calciumoxalat, Mandelsaure, concrements, calcium
oxalate, mandelic acid 127 

-, Harntrakt, concrements, urinary tract 115-176 
Kontaktlaxativa, Vorbereitung, urologische Unter

suchung, contact laxatives, preparation, urologic exa
mination 6 

Kontraceptiva, Uretererweiterung, contraceptives, ur
eteric dilatation 339 

Kontraindikationen, Pyelographie, contraindications, 
pyelography 41 

-, retroperitoneale Pneumographie, contraindications, 
retroperitoneal pneumography 21 

Kontraindikation, Urographie, Myelom, contraindica
tion, urography, myeloma 55 

Kontrastdichte, Urogramm, contrast density, urogram 
48,49 

Kontrastmittel, Ausscheidung bei Tuberkulose, con
trast medium, excretion, urography, tuberculosis 
250 

-, Ausscheidung, Kinder, contrast medium, excretion, 
children 49 

-, -, Urographie, contrast medium, excretion, uro
graphy 48 

-, Depot, Nierenparenchym, contrast medium, depot, 
renal parenchyma 26 

-, Dichte, Urin, contrast media, density, urine 48 
-, diuretische Wirkung, contrast media, diuretic effect 

48 
-, Extravasat, Nierenkelch, contrast medium, extrava

sate, renal calyx 401, 408 
-, Gas-Pyelographie, contrast media, gas pyelography 

25 
-, heterotope Ausscheidung, Urography, contrast me

dia, heterotopic excretion, urography 50-52 
-, Injektion, Dosis, Urographie, contrast medium, 

injection, dose, urography 52 
-, "Jet-Effekt", Ureter-Ostium, contrast medium, jet

effect, ureteric orifice 61 
-, Koagulationsmechanismus, contrast medium, coa

gulation mechanism 73 
-, Nierenangiographie, contrast media, renal angio

graphy 69 
-, Nierenvenographie, contrast medium, renal phlebo

graphy 85 
-, osmotischer Druck, contrast media, osmotic pres

sure 48 
-, Protein-Bindungskapazitat, contrast medium, pro-

tein-binding capacity 51 
-, Pyelographie, contrast media, pyelography 24 
-, Reaktionen, contrast media, reactions 55-57 
-, Reflux, Pyelographie, contrast medium, reflux, py-

elography 26 
-, retroperitoneale Pneumographie, contrast media, 

retroperitoneal pneumography 18 
-, Schichtbildung, Nierenbecken, contrast medium, 

layer formation, renal pelvis 311 
-, Schichtung, Nierenbecken, contrast medium, forma

tion, renal pelvis 27 
-, Testinjektionen, contrast medium, test injections 

56,57 
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Kontrastmittel, Uberempfindlichkeit, contrast medi
um, hypersensitivity 42 

-, Urethrocystographie, contrast medium, urethrocys
tography 435 

-, Urographie, contrast media, urography 42 
-, verminderte Ausscheidung, Nierenverletzung, con-

trast medium, impaired excretion, renal injury 291 
-, verziigerte Ausscheidung, Nierenkolik, contrast me

dium, delayed excretion, renal colic 152 
Kontusion, Niere, contusion, of kidney 288, 295 
Konzentration, Kontrastmittel, Ausscheidung, con

centration, contrast media, excretion 48 
Kraniale Dystopie, Niere, cranial dystopia, ot kidney 

102,104 
Kreislauf, Kontrastmittelwirkung, circulation, effect 

ot contrast media 47 
Kristallogra phie, Harnsteine, crystallography, urinary 

calculi 116 
Kunstliche Strahlenquellen, Riintgenuntersuchung, 

sources ot artificial radiation, roentgen examin
ation 4 

KV, Erhiihung, Beschrankung der Strahlendosis, KV, 
elevation, reduction ot radiation dose 5 

Kymographie, Harnleiterperistaltik, lcymography, ur
eteric peristalsis 37 

-, Nierenbecken, Ureter, kymography, renal pelvis, 
ureter 27 

J.angsachse, Niere, normale Lage, longitudinal axis, 
ot kidney, normal position 9, 10 

Lage, normale, Nebenniere, position, normal, supra
renal gland 22 

-, -, Niere, position, normal, oj kidney 9 
Lebercarcinom, metastasierend in das Nierenbecken, 

liver carcinoma, metastasized into the renal pelvis 
213 

Lebervergrii13erung, Nierenverlagerung, enlargement 
ot liver, displacement ot kidney 12 

LD50, Kontrastmittel-Toxizitat, LD5o , toxicity ot con
trast media 47 

Leeraufnahme, Arteriosklerose, Nierengefa13e, plain 
radiography, arteriosclerosis, renal vessels 260, 261 

-, Differentialdiagnose: Nierencarcinom, plain radio
graphy, differential diagnosis: Renal carcinoma 
205 

-, distaler Harntrakt, plain radiography, distal urin
ary tract 433 

-, Hufeisenniere, Steine, plain radiography, horse
shoe kidney, stones 120 

-, nach Ureterstein-Operation, plain radiography, af
ter ureterolithotomy 147 

-, Niere, plain radiography, kidney 8 
-, Nierencarcinom, plain radiography, renal carcinoma 

177 
-, Nierencarcinom, Differentialdiagnose, plain radio

graphy, renal carcinoma, differential diagnosis 210 
-, Nierencysten, plain radiography, renal cysts 224 
-, Nierengrii13e, Normalwerte, plain radiography, 

kidney-size, normal values 14, 15 
-, Nierenhypoplasie, plain radiography, renal hypo

plasia 96 
-, Niereniidem, plain radiography, renal edema 349 
-, Nierenstein, plain radiography, renal calculus 136, 

144 

Leeraufnahme, Nierentuberkulose, plain radiography, 
renal tuberculosis 239 

-, Nierenverletzung, plain radiography, renal injury 
289 

-, Papillennekrose, plain radiography, papillary ne
crosis 369 

---, Perinephritis, plain radiography, perinephritis 
380 

-, polycystische Nierendegeneration, plain radio
graphy polycystic disease ot kidney 234 

-, pyelogene Cyste, Steinbildung, plain radiography, 
pyelogenic cyst, stone formation 131 

-, Pyelonephritis, plain radiography, pyelonephritis 
355 

-, reflektorische Anurie, plain radiography, reflex an
una 158 

--, retroperitoneale Pneumographie, plain radiogra
phy, retroperitoneal pneumography 20 

-, Steinkrankheit, plain radiography, urolithiasis 
132-135 

-, tubulare Ektasie, plain radiography, tubular ect
asia 394 

-, Ureterocele, Stein, plain radiography, ureterocele, 
stone 124 

-, Verkalkungen, Harntrakt, plain radiography, cal
cifications, urinary tract 17 

-, Verlegung des Nierenbeckenabganges, plain radio
graphy, obstruction of pelviureteric junction 309 

-, wahrend einer Nierenkolik, plain radiography, 
during renal colic 149 

Leiomyom, Nierenbecken, leiomyoma, renal pelvis 
213 

Lendenwirbelsaule, Frakturen, Steinkrankheit, lum
bar spine, tractura, urolithiasis 127 

-, normale Nierenlage, lumbar spine, normal position 
ot kidneys 9 

Leukoplakie, Harntrakt, leukoplakia, urinary tract 
428 

-, Nierenbecken, leukoplakia, renal pelvis 212 
Lichtvisier, Strahlenschutz, light-beam localiser, radia

tion protection 5 
Lindau- von Hippel-Syndrom, Lindau-von Hippel's 

syndrome 204 
Lipiodol, Injektion, Nierencyste, Lipiodol, injection, 

renal cyst 225 
Lipomatose, Niere, lipomatosis, renal 202, 203, 372 
Lokale Hypoplasie, Niere, local hypoplasia, renal 97 
"Luftniere", retroperitoneale Pneumographie, pneu-

moren, retroperitoneal pneumography 20 
Lungenmetastasen, Nierencarcinom, Verschwinden 

nach Nephrektomie, pulmonary metastases, renal 
carcinoma, disappearing after nephrectomy 179 

Lungeniidem, uremisches, pulmonary edema, uremic 
346, 348 

Lymphatische Cysten, Nierenhilus, lymphatic cysts, 
renal hilus 232 

Lymphgefa13e, KontrastmittelfUllung, Pyelographie, 
lymphatic vessels, filling with contrast medium, pyelo
graphy 401 

Lymphknoten, 
lymph nodes, 
38,218 

Metastasen, Ureterverlagerung, 
metastases, displacement of urete1' 

Lymphknotenverkalkungen, Verkalkungen im Harn-
trakt, calcited lymph nodes, calcifications in the 
urinary tract 17 
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Lymphgranulomatose, Ureter, lymphogranulomatosis, 
ureteric involvement 218 

Lymphographie, Ureterverlagerung, Lymphknoten
vergro13erung, lymphography, displacement of 
ureter by enlarged lymph nodes 38, 218 

llanner, kleine Niere, Differentialdiagnose, men, small 
kidney, differential diagnosis 95 

-, Nierenbeweglichkeit, men, kidney-mobility 11 
-, Nierengro13e, men, kidney-size 15 
Magen, GasfUIIung, Urographie, stomach, filling with 

gas, urography 7 
Maligne Metaplasie, Thoriumdioxyd, maligne meta

plasia, thorium dioxide 24 
Mandelsaure, Nierenkonkremente, mandelic acid, re

nal concrements 127 
MaS-Produkt, Reduktion der Strahlendosis, MaS

product, reduction of radiation dose 5 
Mechanismus, Kontrastmittelausscheidung, Urogra

phie, mechanism, excretion of contrast media, uro
graphy 48 

Mediale Dystopie, Niere, Fusion, medial dystopy, 
renal, fusion 102, 104 

Mediastinalemphysem, retroperitoneale Pneumogra
phie, mediastinal emphysema, retroperitoneal pneu
mography 21 

Medikamente, Verminderung der Darmgase, drugs, 
reduction of intestinal gas 7 

Megaureter, M egaureter 340, 341 
Menstruationsperiode, Rontgenuntersuchung, men

struation period, roentgen examination 4 
MetaIIstiicke, Lokalisation in der Niere, metal frag

ments, locating within the kidney 11 
Metastasen, Gehirn, Nierencarcinom, metastases, cer

ebral, renal carcinoma 189 
-, Implantations-, Ureter, metastases, implantation, 

ureter 192 
-, Lebercarcinom, Nierenbecken, metastases, liver 

carcinoma, renal pelvis 213 
-, Nierencarcinom, metastases, renal carcinoma 

199 
-"-, -, Difl'erentialdiagnose, metastasis, renal carcinom, 

differential diagnosis 211 
--, -, Verschwinden nach Nephrektomie, metastases, 

renal carcinoma, disappearing after nephrectomy 
179 

-, Nierentumoren, metastases, renal tumors 176 
- --, retroperitoneale, Kontrastmittelreflux, metastases, 

retroperitoneal, reflux of contrast medium 413 
-, -, Verlagerung des Ureter, metastases, retroperi

toneal, displacement of ureter 218 
-, Wilms-Tumor, metastases, Wilms' tumor 197 
Meteorismus, Pyelographie, meteorism, pyelography 

6 
Methodik, Farbstoff-Verdiinnung, Nierenphysiologie 

method, dye dilution, renal physiology 84 
--, Nierenangiographie, Carcinom, method, renal angio

graphy, carcinoma 190 
-, Nierenvenographie, method, renal phlebography 

83, 84 
-, perkutane Katheterisierung, SELDINGER, me

thod, percutaneous catheterization, of SELDINGER 
65 

-, Pyelographie, method, pyelography 26 

40' 

Methodik, Rontgenuntersuchung, distaler Harntrakt, 
methods, roentgen examination, distal urinary tract 
433 

Mikroangiographie, Strahlennephritis, microangiogra
phy, radiation nephritis 374 

Mikrokelch, Steinbildung, microcalyx, stone formation 
131 

.:Ylilz, Vergrol.lerung, Nierenverlagerung, spleen, en
largement, displacement of kidney 12 

Mineralogie, Nierensteine, mineralogy, renal stones 
114 

"Mini-Urographie", Beurteilung der Nierenfunktion, 
"mini-urography", evaluation of renal function 50 

Miokon, Strukturformel, Miokon, structural formula 
45 

Mi13bildung, siehe Anomalie, malformation, see ano
maly 

Mi13bildungen, Niere, arterieIIe Versorgung, malfor
mations, of kidney, arterial supply 77 

-, Ureter, anomalies, ureteric 112-115 
Molekulare Konzentration, maximale, Kontrastmittel, 

molecular concentration, maximal, contrast media 48 
Morphologie, Information der Urographie, morphology, 

information about urography 60, 61 
Morphologische Information, N ierenangiogra phie, 

morphologic information, renal angiography 81 
Mortalitat, Urographie, mortality, urography 56 
Multiple Nierenarterien, multiple renal arteries 101, 

III 
-, Einteilung, multiple renal arteries, classification 

78, 79 
Multiple Uretercarcinome, multiple ureteric carcinoma 

221 
Multiplizitat, Nierentumor, multiplicity, renal tumor 

196 
Mutationen, radiogene, Weltgesundheitsorganisation, 

mutations, radiogenous, World Health Organization 
4 

-, Umweltfaktoren, mutations, environmental factors 4 
Myelom, Urographie, myeloma, urography 55 
-, Urolithiasis, myeloma, urolithiasis 126 

Nachuntersuchungen, Nierentuberkulose, follow-up 
examinations, renal tuberculosis 256 

N arbenstadium, Nierenbeckentuberkulose, cicatriza
tion, renal pelvis, tuberculosis 247 

Nebenniere, retroperitoneale Pneumographie, supra
renal gland, retroperitoneal pneumography 22 

-, Rontgenanatomie, suprarenal glands, roentgenolo
gic anatomy 22 

~ebenschilddriisenadenom, Steinkrankheit, parathy
roid adenoma, urolithiasis 126 

Nebenwirkungen, Kontrastmittel, Angiographie, side 
effects, contrast media, angiography 69, 72 

-, -, Pyelographie, side effects, contrast media, pyelo-
graphy 24, 55 

-, Reinigungseinlauf, side effects, cleansing enema 6 
-, Steinbildung, side effects, stone induction 127 
-, Thoriumdioxyd, side effects, thorium dioxide 24 
~eo-Jopax, Strukturformel, neo-jopax, structural 

formula 43 
Nephrektomie, a. v. Fistel nach, nephrectom, arterio

venous fistula after 273 
-, Nierencarcinom, nephrectomy, renal carcinoma 

205, 408 
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Nephrektomie, Nierensteine, nephrectomy, nephroli
thiasis 115 

-, Nierentuberkulose, nephrectomy, renal tuberculosis 
247 

-, partielle, Nierensteine, nephrectomy, partial, renal 
stones 146 

-, Patient mit nur einer Niere, nephrectomy, patient 
with only one kidney 289 

-, "stumme Niere", nephrectomy, "silent kidney" 
170 

-, Ureterstumpf nach, nephrectomy, ureteric stump 
after 250, 429 

Nephritis, Nierenschrumpfung, nephritis, shrinkage 
of kidney 95 

-, Strahlen- .• nephritis, radiation 374 
-, tubulare, nephritis, tubular 353 
-, tubulare Nephrocalcinose, nephritis, tubular, ne-

phrocalcinosis 174 
-, Urographie, Myelom, nephritis, 1lrography, my

eloma 55 
N ephrocalcinose, Differentialdiagnose, nephrocalcino

sis, differential diagnosis 172, 173 
Nephrogramm, arterioveni:ises Aneurysma, nephro

gram, arteriovenous aneurysm 271 
-, Beurteilung der Nierenfunktion, nephrogram, me

thod for judging potential renal function 172 
-, Doppelniere, Pyelonephritis, urogram, double kid-

ney, pyelonephritis 367,368 
-, Fibrolipomatose, nephrogram, fibrolipomatosis 373 
-, Hufeisenniere, nephrogram, horseshoe kidney 104 
-, Hydronephrose, nephrogram, hydronephrosis 320 
-, nach Nierenkolik, nephrogram, after renal colic 

156 
-, NierenabsceB, nephrogram, renal abscess 389 
-, Nierencarcinom, nephrogram, renal carcinoma 188 
-, Nierenektopie, nephrogram, renal ectopia 101 
-, Nierenhilus, Anatomie, nephrogram, renal hilus, 

anatomy 39 
-, Niereninfarkt, nephrogram, renal infarction 277 
-, Nierentransplantation, nephrogram, renal trans-

plantation 415, 419 
-, pathologisches, kleine Nierenarterien, nephrogram, 

pathologic, small renal arteries 110 
-, -, Kontrastmittelschadigung, nephrogram, patho

logic, damage by contrast medium 72 
-, Tuberkulose, nephrogram, tuberculosis 252, 253 
-, wahrend akuter Nierenkolik, nephrogram, during 

acute renal colic 154 
Nephrographische Phase, Nierenarteriographie, ne

phrographic phase, renal arteriography 80 
Nephrographischer Effekt, Urographie, nephrographic 

effect, urography 60 
Nephrolithiasis, nephrolithiasis 115-176 
-, Theorie der Entstehung, nephrolithiasis, theory of 

formation 128 
-, Vitamin D, Intoxikation, nephrolithiasis, vitamin 

D, intoxication 127 
-, Fibrolipomatose, nephrolithiasis, fibrolipomatosis 

374 
Nephrose, Pyo-, Pyelonephritis, nephrosis, pyo-, py

elonephritis 359 
Nephrotisches Syndrom, Urographie, Myelom, ne

phrotic syndrome, urography, myeloma 55 
Nephrotomographie, Nierencarcinom, nephrotomogra

phy, renal carcinoma 191 

Nephrotomographie, Operationsindikation: Nieren
carcinom, nephrotomography, operative indication: 
Renal carcinoma 206 

Nephrotoxicitat, Kontrastmittel, nephrotoxicity, con
trast media 54 

Nephro-Ureterotomie, Pyelonephritis, maligne Dege
neration, nephro-ureterotomy, pyelonephritis, mali
gnant degeneration 216 

Neugeborenes, fehlende Nierenfunktion, newborn. ab
sence of renal junction 95 

Neurinom, Niere, neurinoma, of kidney 204 
Nichtschattengebender Stein, Urographie, non opaque 

stone, urography 133, 136, 137 
Nicht-todliche Zwischenfalle, retroperitoneale Pneu

mographie, non-fatal reactions, retroperitoneal pneu
mography 20 

Niere, Abstand Yom Psoas, kidney, distance from psoas 
muscle 10 

-, Arterielle Versorgung, Varianten, kidney, arterial 
supply, variations 76 

-, arterioveni:ises Aneurysma, kidney, arteriovenous 
aneurysm 271 

-, Atrophie durch Ureterobstruktion, kidney, atrophy 
due to ureteric obstruction 170 

-, bi:isartige Tumoren, kidney, malignant tumors 
176-199 

-, Carcinom, kidney, carcinoma 177-196 
-, Cyste mit Carcinom, kidney, cyst with carcinoma 

231 
-, doppelte, kidney, double 88 
-, -, Angiographie, kidney, double, angiography III 
-, -, blind endender Ureter, kidney, double, blind 

ureter 89 
-, -, Ektopie des Ureterenostium, kidney, double, 

ectopic of ureteric osifice 114 
-, -, Heminephrektomie, kidney, double, hemine

phrectomy 430 
-, -, "ratogenes" Trauma, kidney, double, "rato

genic" trauma 296 
-, -, Kolik, kidney, double, renal colic 156 
-, -, Pyelonephritis, kidney, double, pyelonephritis 

367 
-, -, Konkremente, kidney, double, concrements 119 
-, -, Reflux Harnri:ihre, Harnleiter, kidney, double, 

reflux, from urethra into the ureter 491 
-, Drehung, im Liegen und Stehen, kidney, rotation, 

in prone and upright position 12 
-, Drehungsanomalien, kidney, malrotation 97 
-, Ektopie, kidney, ectopia 100 
-, extrarenale Prozesse, kidney, extrarenal processes 

12 
-, Fettkapsel, kidney, fatty capsule 8, 21 
-, Fibrolipomatose, kidney, fibrolipomatosis 372 
-, freigelegte, Ri:intgenuntersuchung, kidney, surgic-

ally exposed, roentgen examination 22 
-, GefaBstiel, kidney, vascular pedicle 11 
-, gutartige Tumoren, kidney, benign tumors 200-

209 
-, Hamodialyse, kidney, hemodialysis 378 
-, Hamartom, kidney, hamartoma 200 
-, Hufeisen, kidney, horseshoe 104 
-, kleine, Differentialdiagnose, kidney, small, differ-

ential diagnosis 95 
-, Lage, Rontgenanatomie, kidney, position, roentgen 

anatomy 33 
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Niere, Leeraufnahme, kidney, plain radiography 
7 

-, Lipomatose, kidney, lipomatosis 202, 203, 372 
-, multiple Tumoren, kidney, multiple tumors 193 
-, normale Form, Varianten, kidney, normal shape, 

variations 14 
-, normale Lage, kidney, normal position 9 
-, Pharmakoangiographie, kidney, pharmacoangio-

graphy 83 
-, Phenacetin-Abusus, Schrumpfung, kidney, phen

acetin abuse, shrinkage 366 
-, Pilzerkrankung, kidney, mycosis 377 
-, polycystische Degeneration, kidney, polycystic dis-

ease 223, 233-238 
-, Ptose, kidney, ptose 13 
-, primare GefaBveranderungen, kidney, primary vas-

cular changes 259 
-, Riintgendiagnose, kidney, roentgen diagnosis 1 
--, Sekretionsdruck, kidney, secretory pressure 49 
-, solitare, retro-cavaler Ureter, kidney, solitary, 

retro-caval ureter 112 
-, "stumme", Urographie, Angiographie, kidney, "si

lent", urography, angiography 170 
-, subkapsulare Blutung, kidney, subcapsular bleed

ing 307 
-, Symptome der Stase, kidney, symptoms of stasis 

156 
-, Varicen, kidney, varices 283 
-, Venographie, kidney, phlebography 83 
-, VergriiBerung, Hamatom, kidney, enlargement, he-

matoma 289 
-, Verletzungen, kidney, injuries 287-308 
-, Wander-, kidney, mobile 265 
-, Beweglichkeit, normale, kidneys, mobility, normal 

10,11 
-, Dicke, Klassifizierung, kidneys, thickness, classi-

fication 14 
-, Fascie, Anatomie, renal fascia, anatomy 10, 11 
-, Gasiiberlagerung, kidneys, gas, proiection over 7 
-, Odem, Lehraufnahme, renal edema, plain radio-

graphy 11 
--, Pol, tubularer Reflux, kidney, pole, tubular reflux 

398 
-, riintgenologisches Volumen, kidneys, roentgenologic 

volume 16 
NierenabsceB, Tenal abscess, 378, 385 
Nierenabscesse, Differentialdiagnose, renal abscesses, 

differential diagnosis 207 
Nierenangiogramm, Anatomie, renal angiogram, ana

tomy 74 
Nierenangiographie, siehe Angiographie, renal angio

graphy, see angiography 
-, Anomalien, renal angiography, anomalies 111 
-, Aortenpunktion, renal angiography, aortic puncture 

64 
-, Arteriosklerose, renal angiography, a,rteriosclerosis 

262 
-, Beurteilung der Nierenfunktion, renal angiography, 

study of renal function 167 
-, Carcinom, renal angiography, carcinoma 182-

191 
-, Cysten, renal angiography, cysts 225, 230 
-, Einrichtung, renal angiography, equipment 3 
-, Embryoblastom, renal angiography, embryo blas-

toma 198 

Nierenangiographie, Fibrolipomatose, renal angio
graphy, fibrolipomatosis 372 

-, Fiillungsdefekt des Nierenbeckens, renal angio
graphy, filling defect of renxl pelvis 40 

-, Funktion des Transplantates nach, renal angio-
graphy, function of transplanted kidney after 417 

-, Gefahren, renxl angiography, risks 71 
-, Geschichtliches, renal angiography, history 63 
-, Glomerulonephritis, renal angiography, glome-

rulonephritis 352 
-, Hydronephrose, renal angiography, hydronephrosis 

145, 319-329 
-, Katheterisierung, Tenal angiography, catheterization 

64 
-, Kontrastmittel, Tenal angiography, contrast media 

69 
-, lokale Hypoplasie, renal angiography, local hypo

plasia 97 
-, Nierenatrophie, renal angiography, renal atrophy 

319, 331 
-, Niereninfarkt nach, renal angiography, Tenal in

farction after 277 
-, Nierentransplantation, renal angiography, renal 

transplantation 415 
-, Nierenverletzung, renal angiography, renal iniury 

299-302 
-, Operationsindikation: Nierencarcinom, renal an

giography, operative indication: Renal carcinoma 
206 

-, papillares Carcinom des Nierenbeckens, renal an
giography, papillaTY carcinoma of renal pelvis 
214 

-, Papillennekrose, Tenal angiography, papillary ne
crosis 371 

-, physiologische Parameter, renal angiography, phy
siologic parameters 81 

-, Pyelonephritis, renal angiography, pyelonephritis 
362 

-, Steinkrankheit, renal angiography, nephrolithiasis 
166-172 

-, Tuberkulose, renal angiography, tuberculosis 251 
-253 

-, Untersuchung der Striimungsgeschwindigkeit, re-
nal angiography, flow studies 81 

-, Ureterobstruktion, renal angiography, ureteric ob
struction 171 

Nierenanomalien, GefaBveranderungen, renal anoma
lies, vascula1' changes 107 

-, Konkremente, renal anomalies, concrements 119 
Nierenarterie, Abgange von der, renal artery, arteries 

arising from 79 
-, Aneurysma, renal artery, aneurysma 267 
-, Atrophic, "stumme Niere", renal artery, atrophy, 

"silent kidney" 170 
-, Durchmesser bei Nierencarcinom, renal artery, 

diameter at renal carcinoma 183 
-, Embolie, Thrombose, renal artery, embolism, throm

bosis 277 
-, Kaliber nach Unterbindung des Ureter, renal 

artery, caliber after ligation of ureter 169 
-, multiple Aneurysmen, renal artery, multiple an

eurysms 267 
-, Polyangitis nodosa, renal artery, polyangitis no

dosa 267 
-, Stenose, renal artery, stenosis 266 
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Nierenarterie, Abgiinge von der, renaler Hypertonus, 
renal artery, stenosis, renal hypertension 285 

-, Thrombose, Transplantat, renal artery, thrombosis, 
transplantation 417 

-, Transplantatniere, renal artery, transplanted kid
ney 415, 418, 419 

-, Verletzung durch Biopsie, renal artery, injury by 
biopsy 301 

-, vollstiindiger, unvollstiindiger VerschluB, renal 
artery, complete, incomplete block 278 

Nierenarterien, multiple, renal arteries, multiple 
107-111 

-, -, Impression des Ureters, renal arteries, multiple, 
impression of ureter 39 

-, -, Hydronephrose, renal arteries, multiple, hydro
nephrosis 319 

-, Nierenatrophie, renal arteries, renal atrophy 319 
-, Riintgenanatomie, renal arteries, roentgen anatomy 

73 
-, selektive Katheterisierung, renal arteries, selective 

catheterization 65 
Nierenarteriographie, siehe Arteriographie, Angiogra

phie, renal arteriography, see arteriography, angio
graphy 

-, nephrographische Phase, renal arteriography, ne
phrographic phase 80 

-, NierenabsceB, renal arteriography, renal abscess 
388, 389 

-, Technik, renal arteriography, technique 63, 65 
Nierenatrophie, Angiographie, renal atrophy, angio

graphy 319, 331 
Nierenbecken, Abgang siehe Confluens, pelviureteric 

junction, see confluens 
-, Abgang, Kontrastmittelschichtung, pelviureteric 

junction, layer formation of contrast medium 27 
-, -, Stein, pelviureteric junction, stone 150 
-, -, Tumor, Hydronephrose, pelviureteric junction, 

tumor, hydronephrosis 219 
-, Abstand: AuBenkontur des Nierenparenchyms, 

renal pelvis, distance: Outer margin of parenchyma 
39 

-, Abscess, renal pelvis, abscess 383 
-, Anatomie, Pyelographie, renal pelvis, anatomy, 

pyelography 29 
-, Blutkoagel, Hiimophilie, renal pelvis, coagulum, 

hemophilia 286 
-, Carcinom, renal pelvis, carcinoma 212 
-, -, doppelseitiges, renal pelvis, carcinoma, bilateral 

218 
-, -, Hydronephrose, renal pelvis, carcinoma, hydro

nephrosis 219 
-, Cyste, rupturierend, renal pelvis, cyst, rupturing 

into 227 
-, Cysten, renal pelvis, pyelogenic cysts 223 
-, -, Steine, renal pelvis, cysts, stones 131, 133 
-, Deformierung, Carcinom, renal pelvis, deformation, 

carc~noma 180, 181 
-, dendritisches, ampulliires, renal pelvis, dendritic, 

ampullary 31 
-, Dilatation, retrocavaler Ureter, renal pelvis, di

lated, retro-caval ureter 112 
-, doppeltes, blind endender Ureter, renal pelvis, 

double, blind ureter 89 
-, -, Uretererweiterung, renal pelvis, double, urteric 

dilatation 342 

Nierenbecken, Druck, renal pelvis, pressure 49 
-, Erweiterung, renal pelvis, dilatation 314 
-, -, Prostatahypertrophie, renal pelvis, dilatation, 

prostatic hyperplasia 335 
-, -, Reflux, Blase-Ureter, renal pelv'is, dilatation, 

cystoureteric reflux 490 
-, expansive Prozesse, Differentialdiagnose, renal 

pelvis, expansive lesions, differential diagnosis 210 
-, Fiillungsdefekte, renal pelvis, filling defects 38 
-, Gas im, Papillennekrose, renal pelvis gas within, 

papillary necrosis 391 
-, Gasbildung, renal pelvis, gas formation 138 
-, GefiiBimpressionen, renal pelvis, impressions by 

vessels 38, 39 
-, instrumentelle Verletzung, renal pelvis, instru

mental injury 297, 307 
-, intrarenales, renal pelvis, intrarenal 99 
-, Katheterisierung, Kontraktionen, renal pelvis, 

catheterization, contractions 27 
-, Konkremente, renal pelvis, concrements 119 
-, kontrastgefiilltes, Steine, renal pelvis, contrast-

filled, stones 137 
-, Kontrastmittelschichtung, renal pelvis, layer for

mation of contrast medium 27 
-, Kymographie, Cineradiographie, renal pelvis, ky-

mography, cineradiography 27 
-, Leiomyom, renal pelvis, leiomyoma 213 
-, Leukoplakie, renal pelvis, leukoplalcia 212 
-, Metastase, Lebercarcinom, renal pelvis, metastasis, 

liver cacinoma 213 
-, MiBbildungen, renal pelvis, malformations 86 
-, Motilitiit, renal pelvis, motility 27 
-, multiple Tumoren, renal pelvis, multiple tumors 

196 
-, Papillomatose, renal pelvis, papillomatosis 212 
-, perkutane Punktion, renal pelvis, percutaneous 

puncture 24 
-, rhythmische Kontraktionen, renal pelvis, rhythmic 

contractions 58 
-, Ruptur, renal pelvis, rupture 288 
-, Schichtbildung, Kontrastmittel, renal pelvis, layer 

formation, contrast medium 311 
-, Stein produzierender Tumor, renal pelvis, stone pro

ducing tumor 213 
-, Steine, polypoide Tumoren, Differentialdiagnose, 

renal pelvis, stones, polypoid tumors, differential 
diagnosis 138 

-, Symptome der Stase, nnal pelvis, symptoms of 
stasis 156 

-, Tuberkulose, Narbenstadium, renal pelvis, tuber
culosis, cicatrization 247 

-, Tumoren, renal pelvis, tumors 212-218 
-, Tumoren, Phenacetin Abusus, J'enal pelvis, tu-

mors, phenacetin ab1lse 213 
-, Verkalkung, Differentialdiagnose, renal pelvis, cal

cification, differential diagnosis 133 
-, -, Sulfonamide, renal pelvis, calcification, sulfon-

amides 127 
~ierencarcinom, renal carcinoma 177 -196 
-, bilaterales, renal carcinoma, bilateral 194 
-, Differentialdiagnose, renal carcinoma, differential 

diagnosis 138, 210, 215 
-, Metastasen, renal carcinoma, metastases 199 
-, RiickfluBphiinomen, renal carcinoma, backflow phen-

omenon 409 
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Nierencyste, siehe Cyste, renal cyst, see cyst 
-, Punktion, renal cyst, puncture 229, 231 
Nierencysten, renal cysts 223-238 
-, Injektion von Lipiodol, renal cysts, injection of 

Lipiodol 225 
-, polycystische Degeneration, renal cysts, polycystic 

disease 233-238 
Nierendegeneration, polycystische, Schema, kidney, 

multicystic disease, schema 94 
~ierendurchblutung, Berechnung, renal bloodflow, cal

culation 87 
Nierenfascie, retroperitoneales Bindegewebe, Bezie

hungen, renal fascia, retroperitoneal connectit'e 
tissue, relations 19, 21 

-, Tomographie, renal fascia, tomography 22 
Nierenfunktion, AusfalJ, Nierentransplantat, r-enal 

junction, loss of, transplanter kidney 417 
-, Angiographie, Atrophie, renal function, angio

graphy, atrophy 319 
-, Beurteilung, Nierenangiography, renal function, 

appreciation, renal angiography 81 
-, Beurteilung aus dem Urogramm, renal function, 

jugment from the urogram 50 
-, fehlende bei Geburt, renal function, complete 

absence at birth 95 
-, Information iiber, Urographie, renal function, in

formation about, urography 60, 61 
-, Schadigung durch Steinkrankheit, renal function, 

impairment by urolithiasis 166, 171 
-, Ureterobstruktion, renal junction, ureteric ob

stJ'uction 167 
-, Urographie, zur Priifung der, renal function, uro

graphy, in order to check 166 
Nierenfusion, Angiographie, rena1 fusion, angiography 

111 
-, Dystopie, renal fusion, dystopia 102, 104 
Nierengefa13e, Abflu13storung des Ureters, renal vessels, 

obst1'Ucting flow in the ureter 329 
-, primare Veranderungen, renal vessels, primary 

changes 259 
-, und Hydronephrose, renal vessels, and hydro

nephrosis 392 
Nierengewicht, Normalwerte, kidney-weight, normal 

values 15 
Nierengro13e, Abnahme, Schock, Blutdruckabfall, 

kidney-size, decrease, shock, fall of blood pressure 16 
-, Beurteilung, size of kidney, estimation 350 
-, normale Werte, kidney-size, normal values 14, 15 
Nierenhilus, Ektopie, renal hilus, ectopia 101 
-, Topographie, Form, renal hilus, topography, 

shape 14 
-, Anatomie, Nephrogramm, renal hilus, anatomy, 

nephrogram 39, 40 
Niereninfarkt, nach Nierenangiographie, renal in

farction, after renal angiography 277 
-, Transplantat, renal infraction, transplanted 

kidney 420 
Niereninsuffizienz, akute, renal insufficiency, acute 

345 
-, Hypercalcamie, renal insufficiency, hypercalcaemia 

128 
-, Pyelographie, renal insufficiency, pyelography 42 
-, Urographie, renal insufficiency, urography 54 
Nierenkapsel, Entziindung, renal capsule, inflamma

tion 378 

Nierenkarbunkel, renal carbuncle 378, 385 
Nierenkelch, Carcinom, renal calyx, carcinoma 216 
-, Cyste, renale calyx, cyst 87, 91 
-, Kleinster, dilatierter, renal calyx, micro-, dilated 

91 
-, Kontrastmittelaustritt, Heilung, renal calyx, ex

travasation of contrast medium, healing 412 
-, Ruptur, Riickflu13, renal calyx, rupture, backflow 

397,408 
-, tubularer Reflux, renal calyx, tubular reflux 398, 

400 
Nierenkelche, Abscess, renal calyces, abscess 387 
-, Anomalien, nnal calyces, anomalies 90 
-, beginnende Veranderungen, renal calyces, inci-

pient pathologic changes 62 
-, Destruktion, Tumor, renal calyces, destruction, 

tumor 213 
-, doppeltes Nierenbecken, l'enal calyces, double 

renal pelvis 87 
-, Erweiterung, Fibrolipomatose, renal calyces, di-

latation, fibrolipomatosis 373 
-, Harnsteine, renal calyces, stones 117 
-, Inkrustationen, renal calyces, incrustations 128 
-, Lage, Riickenlage des Patienten, renal calyces, 

position, supine position of patient 28 
-, Stenose, Tuberkulose, renal calyces, stenosis, 

tuberculosis 213 
-, Trauma, renal calyces, trauma 291 
-, verschiedene Typen, renal calyces, different types 

31,32 
Nierenkolik, fehlender Steinnachweis, renal colic, 

absence of demonstrable concrement 157 
-, Fibrolipomatose, Kontrastmittelreflux, renal colic, 

fibrolipomatosis, reflux, oj contrast medium 411 
-, Hamangiom der Niere, renal colic, hemangioma 

of kidney 272 
-, heterotope Kontrastmittelausscheidung, renal co

lic, heterotopic excretion of contrast medium 52 
-, Hydronephrose, renal colic, hydronephrosis 316 
-, Kontrastmittelriickflu13 zum Retroperitoneal-

raum, renal colic, backflow of contrast medium to 
retroperitoneal space 404, 408 

-, ohne Stein, renal colic, without stone 157 
-, perirenaler Abscess, renal colic, perirenal abscess 

387 
-, Rontgenuntersuchung wahrend der, renal colic, 

roentgen examination during 149 
-, Ureterstein, Stase, renal colic, ureteric stone, stasis 

168 
Nierenmi13bildungen, arterielle Vorsorgung, renal 

malformations, arterial supply 77 
Nierenodem, renal edema 345 
-, Nierenpapillen, Anatomie, renal papillae, anatomy 

31 
-, Nekrose, renal papillae, necrosis 369-372 
-, Nekrose, Konkremente, renal papillae, necrosis, 

concrements 119 
-, Nekrose, Nierenbecken-Tumoren, renal papillae, 

necrosis, tumors of renal pelvis 212 
-, Nekrose, Pyelonephritis, renal papillae, necrosis, 

pyelonephritis 359 
-, Steinbildung, renal papillae, stone formation 128 
-, Tuberkulose, renal papillae, tuberculosis 240 
Nierenparenchym, Anomalien, renal parenchyma, 

anomalies 93-97 
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Nierenparenchym, Atrophie, GefiiBe, renal paren
chyma, atrophy, vessels 319 

-, Atrophie, Harnstauung, renal parenchyma, atro
phy, urinary stasis 167 

-, AuBenkontur, Abstand: Nierenbecken, renal pa
renchyma, outer margin, distance: Renal pelvis 39 

-, Cysten, renal parenchyma, cysts 224 
-, Dichte, Stase, renal parenchyma, density, symp-

tom of stasis 156 
-, Erkrankungen, renal parenchyma, diseases 344-

378 
-, Fibrolipoma tose, renal parenchyma, fibrolipomatosis 

372 
-, Hypoplasie, renal parenchyma, hypoplasia 95 
-, Kontrastmittelausscheidung bei Tuberkulose, renal 

parenchyma, excretion of contrast medium, tubercu
losis 250 

-, Kontrastmitteldepot, Pyelography, renal paren
chyma, contrast medium depot, pyelography 26 

-, Nephrocalcinose, renal parenchyma, nephrocalci
nosis 173 

-, Odem, renal parenchyma, edema 345 
-, RiB, Ruptur, renal parenchyma, tear, rupture 

288, 289 
-, Toleranz, Kontrastmittel, renal parenchyma, tole

rance, contrast medium 71 
-, Zerstiirung, Steine, nnal parencyma, destruction, 

stones 144, 145 
-, Farbstoff-Verdunnungsmethode, renal physiology, 

dye dilution technique 89 
-, perkutane, Differentialdiagnose, renal puncture, 

percutaneous, differential diagnosis 211 
-, perkutane, Tumor, Cyste, renal puncture, percu

taneous, tumor, cyst 209 
Nierenpyramiden, arterielle Versorgung, renal pyra

mids, arterial supply 76, 77 
Nierenruptur, Klassifizierung, renal rupture, classifi

cation 288 
Nierenschadigung, Kontrastmittel, Angiographie, re

nal damage, contrast media, angiography 69, 71 
-, Reflux, Blase-Harnleiter, renal damage, cystoure

teric reflux 488 
-, Urographie, Myelom, renal damage, urography, 

myeloma 55 
Nierenschrumpfung, Differentialdiagnose, shrinkage 

of kidney, differential diagnosis 95 
-, nach Verletzung, shrinkage of kidney, after injury 

293, 305 
-, Tuberkulose, shrinkage of kidney, tuberculosis 246 
Nierensinus, Lipomatose, renal sinus, lipomatosis 372 
-, Reflux, renal sinus, reflux 399 
-, Reflux, Heilung, renal sinus, reflux, healing 412 
Nierenstein, Kolik, Riintgenuntersuchung, renal stone, 

colic, roentgen examination 149 
-, Leerlaufnahme, renal calculi, plain radiography 

132-135 
-, nichtschattengebender, renal calculus, non-opaque 

136, 137 
-, Pyonephrose, renal stone, pyonephrosis 144 
-, reflektorische Anurie, renal stone, reflex anuria 

158 
-, chemische Zusammensetzung, renal stones, chemi

cal composition 115 
-, Differentialdiagnose, renal stones, differential dia

gnosis 138 

Nierenstein, Hydronephrose, renal stones, hydro
nephrosis 314 

-, Hyperparathyreoidismus, renal concrements, hy
perparathyroidism 173 

-, Nephrektomie, renal stones, nephrectomy 146 
-, Operation, Riintgenuntersuchung, renal calculi, 

surgery, roentgen examination 135 
-, Perforation, renal stones, perforation 134 
-, relative Dichte, renal calculi, relative density 132 
-, Sarkoidose, renal concrements, sarcoidosis 173 
-, Theorie, der Entstehung, renal calculi, theory of 

formation 128 
-, Urographie, renal stones, urography 138, 139 
-, Verschwinden, renal stones, disappearance 134 
Nierentransplantation, renal transplantation 414-

420 
-diagnostische Probleme, renal transplantation, dia

gnostic problems 378 
-, Nierenfunktion nach Angiographie, renal trans

plantation, function after angiography 417 
Nierentuberkulose, Differentialdiagnose, renal tuber

culosis, differential diagnosis 253 
-, GefaBveranderungen, renal tuberculosis, vascular 

changes 255 
-, Kolik, renal tuberculosis, colic 157 
-, Nachuntersuchungen, renal tuberculosis, follow-up 

examinations 256 
-, Pathologie, renal tuberculosis, pathology 239 
-, Refluxphanomen, renal tuberculosis, reflux pheno-

menon 412 
-, Riintgenuntersuchung, renal tuberculosis, roentgen 

examination 239-255 
Nierentubuli, Ektasie, renal tubular, ectasia 393 
-, KontrastmittelruckfluB in, renal tumor, backflow 

of contrast medium into 408, 409 
Nierentumor, Kolik durch Blutung, renal tumor, colic 

by blood clot formation 157 
Nierentumoren, renal tumors 176-223 
-, avasculare, renal tumors, avascular 190 
-, biisartige, renal tumors, malignant 176-199 
-, gutartige, renal tumors, benign 200-205 
-, multiple, renal tumors, multiple 193 
Nierenvene, Berechnung des Blutdurchflusses, renal 

vein, calculation of blood flow 81 
-, Kollateralen urn die Niere, renal vein, collaterals 

around the kidney 185 
-, Phlebographie, renal vein, phlebography 84 
-, Thrombose, renal vein, thrombosis 279 
-, Ureterenimpression, renal vein, impression of ureter 

40 
Nierenvenen, Thrombose, renal veins, thrombosis 

81 
-, zusatzliche, Hydronephrose, renal veins, supple

mentary, hydronephrosis 324, 325 
Nierenverletzung, Restbefunde nach Ausheilung, 

renal injury, residua after trauma 304, 305 
Nierenversagen, akutes, renal failure, acute 353 
-, Myelom, Urographie, renal failure, myeloma, uro

graphy 55 
-, nach Urographie, renal failure, after urography 55 
Nierenvolumen, Berechnung, renal volume, calculation 

16 
-, Rinde, Verhaltnis, renal volume, cortex, ratio 81 
Nomenklatur, Anatomie, Nierenbecken, nomenclature, 

anatomy, renal pelvis 29 
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Nomenklatur, multiple Nierenarterien, nomenclature, 
multiple renal arteries 108 

Normale Anatomie, retroperitoneale Pneumographie, 
normal anatomy, retroperitoneal pneumography 21 

Normalwerte, NierengroBe, -Gewicht, normal values, 
kidney-size, weight 14, 15 

-, rontgenologisches Volumen der Nieren, normal 
values, roentgenologic volume of kidneys 16 

Obstruktion, Nierenbeckenabgang, obstruction, pel
viureteric junction 308 

-, Ureter, Blasencarcenom, obstruction, ureteric, blad
der carcinoma 331 

-, Ureter, Schadigung der Nierenfunktion, obstruction 
ureteric, imparment of renal function 166 

Odem, Lunge, edema, pulmonary 346, 348 
-, Niere, Leeraufnahme, edema, kidney, plain radio

graphy 11 
-, Nierenparenchym, edema, renal parenchyma 345 
-, perirenales, nach Operation, edema, perirenal, after 

surgery 148 
Operation, Nierencarcinom, en bloc, surgel"y, renal 

carcinoma, en bloc 205 
-, Nierenverletzung, surgery, renal injury 295 
-, Rontgenuntersuchung der Niere, surgery, roentgen 

examination of kidney 22 
-, Rontgenuntersuchung nach, wegenHydronephrose 

operation, roentgen examination after, for hydro
nephrosis 326 

-, Urolithiasis, Rontgenuntersuchung, operation, uro
lithiasis, mentgen examination 135 

Operationspraparat, arteriovenoses Aneurysma, oper
ation specimen, al"teriovenosis aneurysm 271 

-, Hydronephrose, Nierensteine, operation specimen, 
hydronephrosis, renal stones 145 

-, Nierencarcinom, operative specimen, renal carci
noma 181, 192 

-, Nierentuberkulose, operation specimen, renal tuber
culosis 243 

-, Nierentumor, KontrastmittelriickfluB, operation 
specimen, renal tumor, backflow of contrast medium 
408 

Orthopadische Erkrankungen, Steinkrankheit, ortho
pedic diseases, urolithiasis 127 

Osmotischer Druck, Kontrastmittel, osmotic pressure, 
contrast media 48 

Osteodystophie, renale, osteodystophy, renal 126, 175 
Osteomyelitis, chronische Steinkrankheit, osteomyelitis, 

chmnic urolithiasis 126 
-, perirenaler AbsceB, osteomyelitis, peril"enal abscess 

385 
Ostitis fibrosa cystica generalisata, Urolithiasis, ostitis 

fibrosa cystica generalisata, urolithiasis 126 

Pancreascarcinom, Uretermetastasen, pancreatic car
cinoma, ureteric metastases 219 

Papillare Nekrose, Konkremente, papillary necrosis, 
concrements 119 

Papillares Carcinom, Nierenbecken, papillary carci
noma, renal pelvis 214 

Papillennekrose, papillary necrosis 369-372 
-, Gas in Nierenbecken, papillary necrosis, gas m 

kidney pelvis 391 
-, Nierenbecken-Tumoren, papillary necrosis, tumors 

of renal pelvis 212 

Papillennekrose, Pyelonephritis, papillary necmsis, 
pyelonephritis 357 

-, Pyelonephritis, papillares Carcinom, papillary nee
msis, pyelonephritis, papillary carcinoma 215 

-, Refluxphanomen, papillary necrosis, reflux phen
omenon 412 

-, Stein, papillary necrosis, stone 144 
-, Steinbildung, papillary necrosis, calcification 126, 

128 
Papillom, Harnblase, papilloma, urinary bladder 

451,456 
-, Nierenbecken, papilloma, renal pelvis 213 
-, Ureter, beginnende Entartung, papilloma, ureteric 

incipient malignancy 220 
Papillomatose Tumoren, Nierenbecken, papilloma

tous tumors, renal pelvis 212 
Para-amino-Hippursaure, Ausscheidungsmechanis-

mus, para-amino-hippuric acid, mechanism of ex
cretion 48 

Paraplegie, Steinkrankheit, paraplegia, urolithiasis 
127 

Parathormon, Verkalkung, Nierenbecken, parathor
mone, calcification of renal pelvis 127 

Pars pendulans urethrae, pars pendulans urethrae 
484 

Partielle Nephrektomie, Nierensteine, partial nephrec
tomy, renal stones 146 

Pathologie, kleine Niere, Differentialdiagnose, patho
logy, small kidney, differential diagnosis 95 

Pathologische GefaBe, A. ureterica, Nierenbeckencar
cinom, pathologic vasculature, ureteric artery, renal 
pelvis carcinoma 219 

-, Angiomyolipom, pathologic vasculature, angiomyo
lipoma 203 

-, Nierencarcinom, pathologic vasculature, renal carci
noma 183 

Patient, Vorbereitung, Information, patient, prepar
ation, information 6 

-, -, Urographie, patient, preparation, urography 
52 

Perforation, Nieren-, Ureterstein, perforation, renal, 
ureteric stone 135 

Perinephritis, perinephritis 378-385 
-, Leeraufnahme, perinephritis, plain radiography 

11 
-, Perforation, Nierenstein, perinephritis, perforation, 

renal stone 135 
-, Rontgenbefunde, perinephritis, roentgen findings 

379 
Perirenale Gasfiillung, Technik, Indikationen, peri

renal gas insufflation, technique, indications 
18,19 

Perirenales Hamatom, nach Verletzung, perirenal 
hematoma, after injury 289, 295, 307 

Perirenales Hamatom, retroperitoneale Pneumogra
phie, perirenal hematoma, retroperitoneal pneumo
graphy 20 

Perirenales Odem, nach Nierenoperation, perirenal 
edema, after renal surgery 148 

Peristaltik, Ureter, peristalsis, ureter 37 
Periureteritis, obliterans, periureteritis, obliterans 426 
Perivesikale Pneumographie, perivesical pneumogra-

phy 443 
Perkutane Biopsie, Niere, Verletzung, percutaneous bi

opsy, kidney, injury 301 
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Perkutane Katheterisierung (SELDINGER-Metho
de), percutaneous, catheterization (SELDINGER's 
method) 65 

Perkutane Punktion, Nierenbecken, percutaneous 
puncture, renal pelvis 24, 40 

-, Nierentumor, Cyste, percutaneous puncture, renal 
tumor, cyst 209 

Pharmacoangiographie, Niere, pharmacoangiography, 
of kidney 83, 186, 187 

-, Nierencysten, pharmacoangiography, renal cysts 
225 

Phenacetin, Abusus, Nierenbeckentumoren, phenace
tin, abuse, tumors of renal pelvis 213 

Phenacetin-Abusus, Schrumpfniere, phenacetin abuse, 
shrinkage of kidney 266 

Phlebolithen, Differentialdiagnose: Ureterstein, phleb
olithes, ditJerential diagnosis: Ureteric stones 17 

-, kleines Becken, phlebolithes, small pelvis 438 
Photographische Begriffe, Befunde, photographic terms, 

reports 2 
Physiologie, Nierenbecken, ableitende Harnwege, 

physiology, renal pelvis, urinary pathways 27 
Physiologische Parameter, Nierenangiogra phie, physio

logic parameters, renal angiography 81 
Pilzerkrankung, Niere, mycosis, renal 377 
Pneumographie, perivesikale, pneumography, peri

vesical 443 
Polresektion, Nierensteine, polar nephrectomy, renal 

stones 146 
-, pyelogene Cyste, Stein, polar nephrectomy, pyelo

genic cyst, stone 131 
Polyangistis nodosa, Nierenarterie, polyangistis nodosa, 

renal artery 267 
Polycystische Nierendegeneration, polycystic disease 

of kidney 223, 233-238 
-, Schema, multicystic kidney, schema 94 
Polyp, Harnrohre, polyp, urethra 487 
Polypoide Tumoren, Differentialdiagnose: Nieren

steine, polypoid tumours, ditJerential diagnosis: 
Renal stones 138 

Post mortem, Angiographie, Nierencarcinom, post 
mortem, angiography, renal carcinoma 187 

Postoperative Rontgenuntersuchung, Steinkrankheit, 
postoperative check radiography, urolithiasis 
148 

Potter-Bucky-Blende, urologische Rontgenuntersu
chung, Potter-Bucky-grid, urologic roentgen exam
ination 3 

Preoperative Diagnose, Nierencarcinom, preoperative 
diagnosis, renal carcinoma 205 

Pringle-Syndrom, Adenom der Niere, Pringle's syn
drome, adenoma of kidney 202 

Programmwahler, Nierenangiographie, pTOgram selec
tor, renal angiography 3 

Projektion, Niere, Leeraufnahme, projection, kidney, 
plain radiography 10 

Prostata, AbsceB, Tuberkulose, prostatic abscess, tu
berculosis 249 

-, Carcinom, pTOstate, carcinoma 473 
-, postoperative Veranderungen, p1'ostate, postopera-

tive changes 471 
-, Verkalkungen, prostatic gland, calcifications 434 
Prostatahypertrophie, prostatic hyperplasia 470 
-, Erweiterung des Harntraktes, prostatic hyper

plasia, dilatation of urinary tract 334 

Prostatahypertrophie, Fibrolipomatose, prostatic 
hyperplasia, fibrolipomatosis 374 

-, Nierencysten, prostatic hyperplasia, renal cysts 
224 

Prostatasteine, Differentialdiagnose, pTOstatic calci
fications, ditJerential diagnosis 17 

Prostatektomie, Status post, prostatectomia, status 
post 472 

Prostatitis, prostatitis 474 
Protein-Bindungskapazitat, Kontrastmittel, pTOtein

binding capacity, contrast media 50, 51 
Pseudotumoren, Niere, pseudotumors, of kidney 

205 
Psoasmuskel, Hamatom, Nierenverletzung, psoas 

muscle, hematoma, renal injury 289 
Ptose, Niere, ptosis, kidney 13 
Punktion, Niere, Differentialdiagnose, puncture, oj 

kidney, ditJerential diagnosis 211 
-, Nierencyste, puncture, renal cyst 229, 231 
-, perkutane, Nierenbecken, puncture, percutaneous, 

renal pelvis 24, 40 
-, perkutane, Nierentumor, puncture, percutaneous, 

renal tumor 209 
-. zufallige, Nierenvene, puncture, accidental, renal 

vein 84 
Punktionstechnik, retroperitoneale Pneumogra phie. 

punctuTC technique, retroperitoneal pneumography 
19 

Pyamie, Nierenentziindung, pyemia, renal infection 
386 

Pyelitis granularis, Nierenstein, pyelitis granularis, 
renal stone 140, 141 

Pyelogene Cyste, Steinbildung, pyelogenic cysts, stone 
formation 131, 133 

-, Urographie, pyelogenic cysts, urography 91, 92 
Pyelogramm, Gas-, spontanes, pyelogram, gas-, spon

taneous 390 
Phyelographie, antegrade, Pyelolithotomie, pyelo

graphy, antegrade, pyelolithotomy 380 
-, arteriovenoses Aneurysma, pyelography, arterio

venous aneurysm 271 
-, bei Kindern, Indikation, pyelography, children, 

indication 333 
-, blind endender Ureter, pyelography, blind ureter 

90 
-, Darstellung des Ureter, pyelography, examination 

ot ureter 26 
-, Differentialdiagnose: Phlebolith, Ureterstein_ 

pyelography, ditJerential diagnosis: Phlebolite, ur
eteric stone 17 

-, Einrichtung, pyelography, equipment 3 
-, Ektopie des Ureterencostium, pyelography, ectopia 

of ureteric ostium 114 
-, Fibrolipomatose, pyelography, fibrolipomatosis 

373 
-, "ratrogenes" Trauma, pyelog1'aphy, ,,'ratrogenic" 

trauma 307 
-, Kontraindikationen, pyelography, contraindications 

41 
-, Kontrastmittel, pyelography, contrast media 24 
-, Kontrastmitteldepot, Nierenparenchym, pyelogra-

phy, contrast medium depot, renal parenchyma 
26 

-, Meteorismus, pyelography, meteorism 6 
-, Methodik, pyelography, m.ethod 26 
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Phyelographie, nach Pyelostomie, Anurie nach 
Ureterunterbindung, pyelography, after pyelosto
my, anuresis after ligation of the ureters 330 

~,nach Ureterstein-Operation, pyelography, after 
ureterolithotomy 147 

~,negative, Nierencarcinom, pyelography, negative, 
renal carcinoma 183 

~, NierenabsceE, pyelography, renal abscess 387 
~, Nierenbeckentumoren, pyelography, tumors of renal 

pelvis 213 
~,Nierencarcinom, pyelography, renal carctnoma 

180 
~, Nierencarcinom, Difl'erentialdiagnose, pyelography, 

renal carcinoma, differential diagnosis 211 
~, Nierencysten, pyelography, renal cysts 224 
~, Nierenektopie, pyelography, renal ectopia 100 
~,Nieren-, Ureterstein, pyelography, renal, ureteric 

stone 136 
~,Nierenruptur, pyelography, renal rupture 288, 

289,295 
~, Nierentuberkulose, pyelography, renal tuberculosis 

240, 242 
~,papillares Carcinom des Nierenbeckens, pyelogra

phy, papillary carcinoma of renal pelvis 214 
~,Papillennekrose, pyelography, papillary necrosis 

144,370 
~,polycystische Nierendegeneration, pyelography, 

polycystic disease of kidney 235 
~,raumfordernder ProzeE, Differentialdiagnose, 

pyelography, space-occupying lesion, differential di
agnosis 295 

~,Riintgenanatomie, pyelography, roentgen anatomy 
29 

~, RiickfluEphanomen, pyelography, back flow pheno, 
menon 397 

~,Stenose aus Nierenbeckenabgang, pyelography, 
stenosis of pelviureteric junction 310, 313 

~, Technik, pyelography, technique 24, 26 
~,Tumor am Nierenbeckenabgang, pyelography, tu

mor at pelviureteric junction 219 
~,Urographie, Indikation, pyelography, urography, 

indication 42 
Pyelolithotomie, "ratrogenes" Trauma, pyelolithotomy 

"ratrogenic" trauma 296 
~, perirenaler AbsceE, pyelolithotomic, perirenal abscess 

380 
Pyelolymphatischer Reflux, pyelolymphatic backflow 

87, 401, 402 
Pyelonephritis, pyelonephritis 355~369 

~, Angiographie, pyelonephritis, angiography 360 
~, emphysematiise, pyelonephritis, emphysematous 

390,391 
~, Fibrolipomatose, pyelonephritis, fibrolipomatosis 

374 
~, Lipomatose, pyelonephritis, lipomatosis 373 
~, maligne, Degeneration, pyelonephritis, malignant, 

degeneration 216 
~,Nephrocalcinose, pyelonephritis, nephrocalcinosis 

174 
~,Nierenschrumpfung, pyelonephritis, shrinkage of 

kidney 95 
~, papillares Carcinom, pyelonephritis, papillary car

cinoma 215 
~, Papillennekrose, pyelonephritis, papillary necrosis 

357 

Pyelonephritis, Phenacetin-Abusus, pyelonephritis, 
phenacetin abuse 217 

~,Ureterobstruktion durch Blasencarcinom, pyelo
nephritis, ureteric obstruction, bladder carcinoma 
331 

~,Urographie, lVIyelom, pyelonephritis, urography, 
myeloma 55 

~, Urolithiasis, pyelonephritis, urolithiasis 126 
Pyeloskopie, Technik, pyeloscopy, technique 26 
Pyelostomie, Anurie nach Ureterenuntersuchung, py-

elostomy, anuria after ligation of the ureters 330 
~,,,ratrogenes" Trauma, pyelostomy, "ratrogenic" 

trauma 296 
~, Urographie nach, pyelostomy, urography after 148 
Pyeloureteritis cystica, pyeloureteristis cystica 428 
Pyeloveniiser Reflux, Definition, pyelovenous reflux, 

definition 397, 399 
Pyonephrose, Nierenstein, pyonephrosis, renal stone 

118, 144 
~,Pyelonephritis, pyonephrosis, pyelonephritis 359 
Pyurie, blind endender Ureter, pyuria, blind ureter 

89 
~, ektopisches Ureterostium, pyuria, ectopic ureteric 

osifice 88, 114 

Radioaktivitat, Thoriumdioxyd, radioactivity, thorium 
dioxide 24 

Radiogene Mutationen, Weltgesundheitsorganisation, 
radiogenous mutations, World Health Organization 
4 

Randall-Carr-Theorie, Nierensteinentstehung, Ran
dall-Carr theory, formation of renal calculi 130 

Raumfordernder ProzeE, Kontrastmittelextravasat, 
space occupying lesion, extravesation of contrast 
medium 409 

~, Nierenkarbunkel, space occupying lesion, renal 
carbuncle 387 

~, Retroperitonealraum, space occupying lesions, re
troperitoneum 309 

Reflektorische Anurie, Nierenstein, reflex anuria, renal 
stone 158 

Reflux, siehe RiickfluE, reflux, see backflow 
~, Blase-Ureter, reflux, cystoureteric 487 
~, Haufigkeit, reflux, frequency 403 
~, Harnblase-Ureter, reflux, vesico-ureteric 368 
~, Klassifizierung, reflux, classification 397 
-, Kontrastmittel, yom riintgenologischen Stand

punkt, reflux, contrast medium, from roentgen-dia
gnostic point of view 410 

-, Phanomene, reflux, phenomena 397~414 

-, Pyelographie, reflux, pyelography 26 
-, pyelolymphatischer, backflow, pyelolymphatic 87 
-, urethrocaverniiser, reflux, urethrocavernous 439 
~, zu den Sinus, reflux, to sinus 399 
-, zum Blutstau, reflux, to blood-stream 399, 402 
Reflux-Pyelographie, Technik, reflux pyelography, tech-

nique 24 
Reifes Sperma, Haufigkeit von Chromosomenaber

rationen, mature sperm, frequency of chromosomal 
aberrations 4 

Ren mobile, Differentialdiagnose: Ektopie, ren mobile, 
differential diagnosis: Ectopia 100 

-, Hyperplasie, Nierenarterie, mobile lcidney, hyper
plasia, renal artery 265 
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Renale Osteodystrophie, rontgenologische Verande
rungen, renal osteodystrophy, roentgenologic changes 
175 

Renaler Hochdruck, Angiographie, renal hyperten
sion, angiography 264 

Renaler Hypertonus, Rontgendiagnostik, renal hyper
tension, roentgen diagnostics 284 

Renografen, Strukturformel, renograten, structural 
formula 45 

Retro-cavaler Ureter, Pyelographie, Cavographie, 
retro-caval ureter, pyelography, cavography 112, 
113 

Retroperitonealraum, Fistel zum, perirenaler AbsceB, 
retroperitoneal space, fistula into, perirenal abscess 
381 

-, KontrastmittelriickfluB, Nierenkolik, retroperito
neal space, backflow of contrast medium, renal col1:c 
404 

Retroperitoneale Fibrose, retroperitoneal fibrosis 
426 

Retroperitoneale Metastasen, chronischer Reflux, 
retroperitoneal metastases, chronic reflux 413 

Retroperitoneale Pneumographie, Nebenniere, retro
peritoneal pneumography, suprarenal gland 22 

-, Nierenhypoplasie, retroperitoneal pneumography, 
renal hypoplasia 96 

-, Pneumograhpie, Technik, Indikationen, retroperi
toneal pneumography, technique, indications 18-
22 

Retroperitoneale Tumoren, Differentialdiagnose, retro
peritoneal tumors, differential diagnosis 207 

-, Strahlennephritis, retroperitoneal tumors, radiation 
nephritis 374 

-, Verlagerung der Niere, retroperitoneal masses, dis
placement of kidney 13 

-, Verlagerung des Ureter, retroperitoneal tumors, 
displacement of ureter 218 

Retroperitoneum, raumfordernde Prozesse, retroperi
toneum, space occupying lesions 309 

Rezidive, Steinkrankheit, recurrence, urolithiasis 
132 

Ricinusol, Vorbereitung, urologische Untersuchung, 
castor oil, preparation of urologic examination 
6 

Rontgenanatomie, Harnblase, roentgen anatomy, urin
ary bladder 436, 441 

Rontgenanatomie, Lage der Niere, roentgen anatomy, 
position of kidney 33 

-, Nierenarterien, roentgen anatomy, renal arteries 
73 

-, Pyelographie, roentgen anatomy, pyelography 29 
-, Ureter, Verlauf, roentgen anatomy, ureter, course 

35,36 
Rontgenbefunde, indirekte, perirenaler AbsceB, roent

gen findings, indirect, perirenal abscess 384 
-, photographische Begriffe, roentgenological reports, 

photographic terms 2 
Rontgendiagnose, Harntrakt, distaler Teil, roentgen 

diagnosis, urinary tract, distal 433-492 
-, Niere und Ureter, roentgen diagnosis, kidney and 

ureter 1 
Rontgendiagnostik, zentralisierte, roentgen diagnostics, 

centralized 4 
-, renaler Hypertonus roentgen diagnostics, renal hy

pertension 284 

Rontgennegative Harnsteine, sogenannte, non-opaque 
urinary stones, so-called 125 

Rontgenologische Anatomie siehe Anatomie, 1'oent
genologic anatomy see anatomy 

Rontgenologische Anatomie, Niere, roentgenological 
anatomy, kidney 8-16 

-, Nebenniere, roentgenological anatomy, suprarenal 
gland 22 

Rontgenologisches Volumen, Nieren, Normalwerte, 
roentgenologic volume, kidneys, normal values 16 

Rontgenrohre, Streustrahlentubus, Lichtvisier, roent
gen tube, collimating cone, light-beam localisers 5 

Rontgenuntersuchung, freigelegte Niere, roentgen ex
amination, surgically exposed kidney 22 

-, Hamaturie, roentgen examination, hematuria 286 
-, Operation, Urolithiasis, roentgen examination, surg-

ery, urolithiasis 135 
-, postoperative, Steinkrankheit, roentgen examina

tion, postoperative, urolithiasis 148 
-, Schwangerschaft, roentgen examination, preg

nancy 4 
-, wahrend einer Nierenkolik, roentgen examination, 

during renal colic 149 
Rontgenuntersuchungen, nahe den Gonaden, roentgen 

examinations, close to the gonads 4 
Rollflurwechsler, Nierenangiographie, film changer for 

flur rolls, renal angiography 3 
Riickenlage, Lage von Kelchen, Confluens und Ureter, 

supine position, position of calyces, confluens and 
ureter 28 

Riickenmark, Kontrastmittelschadigung, spinal cord, 
damage by contrast medium 71 

-, Verletzungen, Steinkrankheit, spinal cord, lesions, 
urolithiasis 127 

RiickfluB, siehe Reflux, backflow, see reflux 
RiickfluBphanomen, backflow phenomenon 397-414 
Rupture, Harnblase, rupture, of bladder 463 
Ruptur, Niere, rupture, ot kidney 290, 291 
-, Nierenkelch, RiickfluB, rupture, renal calyx, back

flow 397, 408 
-, Urethra, rupture, urethra 484 

Samenkanalchen, Verkalkung, seminal vesicles, calci
fication 249 

Sarkoidose, Nephrocalcinose, sarcoidosis, nephrocal
cinosis 173 

Sauerstoff, Kontrastmittel, retroperitoneale Pneumo
graphie, oxygen, contrast medium, retroperitoneal 
pneumography 19, 20 

-, Pyelographie, oxygen, pyelography 25 
Schema, polycystische Nierendegeneration, schema, 

multicystic kidney 94 
-, retro-cavaler Ureter, schema, retro-caval ureter 

113 
Schichtbildung, Kontrastmittel, Nierenbecken, layer 

formation, contrast medium, renal pelvis 27, 311 
Schichtuntersuchung, siehe Tomographie, 
Schock, Kontrastmittelreaktion, shock, induced by 

contrast medium 56 
-, nach retroperitonealer Pneumographie, shock, aftel' 

retroperitoneal pneumography 20 
-, Riickgang der NierengriiBe, shock, reduction of 

kidney-size 16 
Schrumpfniere, nach Verletzung, renal shrinkage, 

after injury 293, 305 
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Schrumpfniere, Phenacetin-Abusus, shrinkage of kid
ney, phenacetin abuse 366 

--, Pyelonephritis, shrinkage of kidney, pyelonephritis 
357, 364 

--", Strahlennephritis, shrinkage of kidney, mdiation 
nephritis 374 

Schutzeinrichtungen, Untersuchungstische, protective 
arrangements, examination tables 5 

Schwangere Frauen, Rontgenuntersuchung, pregnant 
women, roentgen examination 4 

Schwangerschaft, Erweiterung des Harntraktes, preg
nancy, dilatation of urinary tract 334 

Segmentale Verteilung, Nierenarterie, segmental dis
tribution, renal artery 78 

Segmentarterien, Niere, Anatomie, segmental ar'terics, 
of kidney, anatomy 74 

Seitliche Aufnahme, Urographie, intra- und extra
peritoneale Tumoren, lateml projection, urogr-aphy, 
intra- and extraperitoneal masses 13 

Sekretion, tubulare, Bestimmung, secretion, tubular, 
estimation 82 

Sekretionsdruck, Niere, secretory pressure, kidney 49 
Sektion, Nierenvolumen, autopsy, renal volume 16 
Selektive Angiographie, Niere, Anatomie, selective 

angiography, kidney, anatomy 75, 76 
-, Nierenbeckentumoren, selective angiography, tu

mors of renal pelvis 217, 218 
-, Nierentumor, selective angiogr'aphy, renal tumor 

184, 187 
Selektive Katheterisierung, multiple Nierenarterien, 

selective catheterization, multiple renal arteries 
109 

-, Nierenarterien, selective catheterization, renal ar
teries 65 

Selektive Nierenvenographie, selective renal phlebo
gmphy 83 

Serienuntersuchungen, Urographie, check examina
tions, urogmphy 63 

Serose Cysten, Niere, serous cysts, of kidney 223 
Shunt, Unterarm, zur Dialyse, shunt, forearm, for 

dialysis 275, 276 
Silikatsteine, Antacida, silicate calculi, antacids 127 
Sinus-Reflux, Heilung, sinus-reflux, healing 412 
Silus, inversus, retro-cavaler Ureter, silus, inversus, 

retro-caval ureter 112 
Skelet, Destruktion, Nierencarcinom, skeleton, des

truction, r-enal carcinoma 210 
-, renale Osteodystrophie, skeleton, renal osteodys

trophy 175 
Solitarsteine, Haufigkeit, solitary stones, frequency 

117 
Spatergebnisse, Nierencarcinom, late results, renal 

carcinoma 205, 206 
Spannung, hochstmogliche, Beschrankung der Strah

lendosis, voltage, highest possible, reduction of 
radiation dose 5 

Spastische Veranderungen, Nierenbecken, spastic con
ditions, renal pelvis 38 

Spasmus, Nierenangiographie, spasm, renal angio
gmphy 72 

Sperma, Haufigkeit von Chromosomenaberrationen, 
sperm, frequency of chromosomal aberrations 4 

Spermatogonien, Haufigkeit von Chromosomenaber
rationen, spermatogonia, frequency of chromosomal 
aberrations 4 

Spezifisches Gewicht, Kontrastmittelharn, specific 
gmvity, contmst medium containing urine 48 

Spina ischiadia, Verlauf des Ureters, spina ischiadia, 
course of ureter 36 

Splenoportographie, Abnahme der Nierengro13e, 
splenoportogmphy, decrease of kidney-size 16 

Spondylitis, Steinkrankheit, spondylitis, urolithiasis 
127 

Spondylosis deformans, Verlagerung des Ureters, 
spondylosis deformans, ureteric displacement 37 

Spontanes Gaspyelogramm, Ureterosigmoidostomie, 
spontaneous gas pyelogmm, ureterosigmoidostomy 
393 

Stase, Symptome der, Niere, stasis, symptoms of, kid
ney 156 

Stauung, Ureterstein, Nierenfunktion, stasis, ureteric 
stone, renal function 168 

Stein, siehe Nierenstein, Konkrement, stone, see renal 
calculus, concrement 

-, Niere, perirenaler Absce13, stone, kidney, perirenal 
abscess 381, 384 

-, Passage, stone, passage 157, 160 
-, produzierender Tumor, Nierenbecken, stone, pro-

ducing tumor, renal pelvis 213 
-, Pyonephrose, stone, pyonephrosis 144 
-, Urethra, stone, urethra 487 
Steine, blind endender Ureter, concrements, blind ureter 

89 
-, charakteristische, tubulare Ektasie, calculi, cha

mcteristic, tubular ectasia 395 
-, freigelegte Niere, concrements, surgically exposed 

kidney 24 
-, Harnblase, stones, urinary bladder 438, 466 
-, -, Leeraufnahme, concrements, urinary bladder, 

plain mdiography 8 
-, Harntrakt, concrements, urinary tmct 17 
-, Hydronephrose, stones, hydronephrosis 314 
-, nichtschattengebende, stones, radiolucent 133 
Steinbildung, Nebenwirkungen der Therapie, stone 

induction, side effects of therapy 127 
Steinkrankheit, Harntrakt, urolithiasis 115-176 
-, postoperative Rontgenuntersuchung, urolithiasis, 

postopemtive check radiography 148 
-, Rezidive, urolithiasis, securrence 132 
Steinniere, infizierte, perirenaler Absce13, stone kidney, 

infected, perirenal abscess 381 
Stenose, Anastomose, Nierentransplantat, stenosis, 

anastomosis, transplanted kidney 419 
-, arterielle Nierenarteriosklerose, stenosis, arterial 

renal arteriosclerosis 263, 266 
-, Nierenarterie, renaler Hypertonus, stenosis, renal 

artery, renal hypertension 285 
-, Nierenbeckenabgang, stenosis, pelviureteric junc-

tion 308, 310, 313 
-, Ureter, stenosis, ureteric 427 
-, Ureter, Tumor, stenosis, ureteric, tumor 220 
Stereoaufnahmen, Nierenarteriographie, stereo-roent

genography, renal arteriography 67 
Stickstoff, als Kontrastmittel, retroperitoneale Pneu

mographie, nitrogen, as contrast medium, retroperi
toneal pneumography 18 

Stoffwechselkrankheiten, Steinkrankheit, metabolic 
diseases, urolithiasis 126 

Strahlen, Gefahren, Durchleuchtung, radiation, haz
ards, fluoroscopy 26 
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Strahlen, Nephritis, radiation, nephriti8 374 
Strahlenbelastung der Beviilkerung, Reduktion, pop-

ulation radiation, reduction 4 
Strahlendosis siehe Dosis, radiation d08e 8ee d08e 
-, Ma S-Produkt, radiation d08e, Ma S-product 5 
-, urologische Riintgenuntersuchung, radiation d08e, 

urologic roentgen examination 3 
Strahlenschutz, Bildverstarker, Fernseheinrichtung, 

radiation protection, image inten8ifer, TV 8et-up 
5,26 

-, urologische Riintgenuntersuchung, radiation pro
tection, urologic roentgen examination 3 

-, Urethrocystographie, radiation protection, urethro
cy8tography 435 

Streustrahlentubus, Pyeloskopie, collimating cone, py
cl08copy 26 

-, Strahlenschutz, collimating cone, radiation pro
tection 5 

Striktur, Harnriihre, 8tricture, urethra 473 
-, tuberkuliise, Ureter, 8tricture, tuberculou8, ureter 

248 
-, Ureter, nach Steinentfernung, 8tricture, ureteric, 

after ureterolithotomy 147 
-, -, Tumor, 8tricture, ureteric, tumor 220 
Strikturen, Urethra, 8tricture8, urethra 481 
Striimungsgeschwindigkeit, Untersuchung der, Nie-

renangiographie, flow studie8, renal angiography 
81 

Strukturformeln, Kontrastmittel, Urographie, 8truc
tural formula8, contra8t media, urography 43 

"Stumme Niere", Urographie, Angiographie, ,,8ilent 
kidney", urography, angiography 170 

Syndrom, Cushing, Steinkrankheit, 8yndrome, of Gu-
8hing, urolithia8i8 126 

-, Goodpasture, 8yndrome, of Goodpa8ture 349 
-, Klinefelter, Steinkrankheit, 8yndrome, of Kline-

felter, urolithia8i8 127 
-, Lindau- von Hippel, 8yndrome, of Lindau- vonHip

pel 204 
-, Mil.lbildungs-, Harnwege, 8yndrome, malformation, 

urinary tract 86 
-, nephrotisches, Fanconi-, Urographie, Myelom, 

8yndrome, nephrotic, of Fanconi, urography, my
eloma 55 

-, Pringle, 8yndrome, of Pringle 202 
Systole, Diastole, Nierenbecken, 8Y8tole, dia8tole, renal 

pelvi8 34, 58 

Tamin-Einlaufe, Todesfalle, tamic acid enema8, deaths 
6 

Technik, antegrade Pyelographie, technique, antegrade 
pyelography 40 

-, Aortenpunktion, technique, aortic puncture 64 
--, Infusionsurographie, technique, infu8ion urography 

62 
-, Katheterisierung, technique, catheterization 64, 65 
-, Nierenangiographie bei Tumoren, technique, renal 

angiography, tumor8 190 
--, Nierenstein-Nachweis, technique, demon8trating 

renal calculi 132 
-, Nierenvenographie, technique, renal phlebography 

83,84 
-, Pyelographie, technique, pyelography 24, 26 
-, Pyeloskopie, technique, pyel08copy 26 

Technik, retroperitoneale Pneumographie, technique, 
retroperitoneal pneumography 18 

-, Riintgenuntersuchung der freigelegten Niere, tech
nique, roentgen examination of 8urgically exp08ed 
kidney 22 

-, Untersuchungsmethoden, technique, examina,tion 
method8 8 

-, Urographie, technique, urography 57-62 
Testinjektionen, Kontrastmittel, te8t injection8, con

tra8t media 56 
Therapie, immunosuppressive, Angiography, therapy, 

immunosuppre88ive, angiography 416 
-, Nebenwirkungen, Steinbildung, therapy, 8ide effect8, 

8tone induction 127 
-, Nierentuberkulose, therapy, renal tubercul08i8 

256 
-, Nierenverletzung, therapy, renal injury 306 
-, Spatergebnisse, Nierencarcinom, therapy, late re-

8ult8, renal carcinoma 205, 206 
"Thoraxniere", Urographie, intrathoracic kidney, uro

graphy 102, 103 
Thoriumdioxyd, Pyelographie, Nebenwirkungen, 

thorium dioxide, pyelography, 8ide effect8 24, 25 
Thrombo-Embolie, Nierenarteriographie, thrombo

emboli8m, renal arteriography 72 
Thrombose, arterielle, Nierencarcinom, thromb08i8, 

arterial, renal carcinoma 187 
-, Nierenarterie, thromb08i8, renal artery 277 
-, -, Transplantat, thromb08i8, renal artery, tran8-

plantation 417 
-, Nierenvene, thrombosi8, renal vein 81, 83, 279 
Tibia, renale Osteodystrophie, tibia, renal 08teodY8-

trophy 175 
Todesfalle, Hypophysenextrakte, deaths, pituitary ex

tracts 7 
-, Kontrastmittelreaktionen, death8, contra8t media 

reaction8 56, 57 
-, mehrere Tannin-Einlaufe, death8, multiple tannic 

acid enema8 6 
-, retroperitoneale Pneumographie, death8, l-etroperi

toneal pneumography 20 
Tomographie, Harnsteine, tomography, urinary 8tone8 

125 
-, Hypoplasie der Niere, tomography, renal hypo

pla8ia 96 
-,Indikationen, tomography, indication8 17, 18 
-, Kontrastmittelextravasation, Nierenkelche, tomo-

graphy, extrava8ation of contra8t medium, renal 
calyces 407 

-, Nebenniere, tomography, 8uprarenal gland 22 
-, Xierencarcinom, tomography, renal carcinoma 191 
-. Nierencysten, tomography, renal Cy8t8 225 
--, retroperitoneale Pneumographie, tomography, re-

troperitoneal pneumography 19 
-, normale Nierenlage, topography, normal p08ition 

of kidney 9, 11 
Toxizitat, Kontrastmittel, toxicity, contra8t media 47, 

48, 70 
-, Tannin-Einlaufe, toxicity, tannic acid enema8 G 
Transplantation, Niere, tran8plantation, of kidney 

414-420 
-, Niere, Versagen, tran8plantation, of kidney, fai

lure 417 
Transportable, Bildverstarker, Gefahren, tran8portable 

image inten8ifier8, hazard8 26 
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Transversale Tomographie, Indikationen, transversal 
tomography, indications 18 

Trauma siehe Verletzung, trauma see injury 
-, Harnblase, trauma, urinary bladder 461---464 
-, Harnriihre, trauma, oj urethra 482 
-, "ratrogenes", Pyolithotomie, trauma, "ratrogenic", 

pyelolithotomy 296 
-, Katheterisierung, trauma, catheterization 6, 7 
-, Niere, Harnwege, trauma, kidney, urinary pxth-

ways 308 
-, Nierenarterienstenose, trauma, renal artery stenosis 

279 
--, Nierenvenenthrombose, trauma, renal vein throm

bosis 280 
Triopac, Triabrodil, Strukturformel, triopac, triabrodil, 

structural formula 44 
Tuberkulose, Kontraindikation zur Pyelographie, 

tuberculosis, contraindication for pyelography 42 
-, Kontrastmittelausscheidung, tuberculosis, excretion 

ot contrast medium 250 
-, Niere, tuberculosis, ot kidney 238, 239-259 
-, Niere, Schrumpfung, tuberculosis, oj kidney, shrink-

age 95 
--, Nierenbecken, fortgeschrittene, tuberculosis, renal 

pelvis, advanced 247 
--, Nierenkelche, Stenose, tuberculosis, renal calyces, 

stenosis 213 
-, Steinkrankheit, tuberculosis, urolithiasis 127 
-, Ureteritis, Typen, tuberculosis, uretritis, different 

types 246 
Tubulare Ausscheidung, Kontrastmittel, tubular ex

cretion, contrast media 48 
Tubulare Ektasie, Verkalkungen, tubular ectasia, cal

cifications 395 
Tubular Nephritis, Intoxikation, tubular nephritis, 

intoxication 353 
Tubuliire Sekretion, Bestimmung, tubular secretion, 

estimation 82 
Tubularer Riickflul3, tubular backflow 398 
Tubuli contorti, Riickresorption von Wasser, tubuli 

contorti, reabsorption ot water 48 
Tumor, Urethra, tumor, urethra 485 
Tumoren, Harnblase, tumors, urinary bladder 451-

461 
--, Niere, Ureter, tumors, renal, ureteric 176-223 
-, Nierenbecken, tumors, renal pelvis 212-218 
-, retroperitoneale, Differentialdiagnose tumors, re-

troperitoneal, differential diagnosis 207 
--, -, Verlagerung del' Nieren, tumors, retroperitoneal, 

displacement ot kidneys 13 
-, Ureter, tumors, ureteric 218-223 
Tumorgefal3e, Nierencarcinom, tumor vessels, renal 

cwrcmoma 187 

t'berempfindlichkeit, Kontrastmittel, hypersensitivity, 
contrast medium 42, 55, 56 

trberzahlige Nierenarterien, supernumerary renal ar
teries 108 

Ulceration, Nierenpapillen, Tuberkulose, ulceration, 
renal papillae, tuberculosis 240 

Ultrafiltration, Glomeruli, ultrafiltration, glomeruli 48 
Umweltfaktoren, Mutationen, environmental jactors, 

mutations 4 
Untergrundstrahlung, kumulative Gonadendosis, back

ground radiation, cumulative gonad dosis 4 

Untersuchungsgrundlagen, Riintgendiagnose del' Niere 
und des Ureter, principles oj examinations, roent
gendiagnosis ot the kidney and the ureter 2, 3 

Untersuchungsmethoden, Pyelography, examination 
methods, pyelography 26 

-, Technik, examinations methods, technique 8 
Unersuchungstechnik, Urographie, examination tech

nique, urography 57 
Untersuchungstische, Schutzeinrichtungen, examini

t'ion tables, protective arrangements 5 
Uramie, heterotope Kontrastmittelausscheidung, ure

mia, heterotopic excretion oj contrast medium 51, 
53 

Uramisches Lungeniidem, uremic lung edema 346, 
348 

Ureter, siehe Harnleiter 
-, A. iliaca, Treffpunkt, ureter, iliac artery, point oj 

intersection 35 
-, A,bflul3stiirung durch Nierengefal3e, ureter, renal 

vessels, obstructing flow in the ureter 329 
--, Anomalien, ureter, anomalies 112-115 
-, blind endender, ureter, blind 89 
-, Carcinom, doppelseitiges, ureter, carcinoma, bila-

teral 221 
-, Coagulum, ureter, coagulum 41 
-, Dilatation, ureter, dilatation 318 
--, -, Stase, ureter, dilatation, stasis 156 
-, Divertikel, ureter, diverticula 424 
-, Divertikel, Differentialdiagnose: Blind endender 

Ureter, ureteric diverticulum, differential diagnosis: 
Blind ureter 90 

-, doppelter, ureter, double 87, 88 
-, -, "ratrogenes" Trauma, ureter, double, "ratro-

genic" trauma 296 
-, Einengung, unvollstandige FiilIung, ureter, narrow-

ing, incomplete filling 27 
-, Endometriose, ureter, endometriosis 424 
-, fissus, ureter, fissus 90 
---, Fistel, ureter, fistula 430, 431 
-, Implantationsmetastasen, ureter, implantation me-

tastases 192 
-~, Impression durch Nierenarterien, ureter, impression 

by renal arteries 38, 39 
-, Impression durch Osteophyt, ureter, impression 

by osteophyte 37 
-, instrumentelle Verletzungen, ureter, instrumental 

injuries 297 
-, Klappenbildung, ureter, velve 114 
-, Knickung, Nierenvene, ureter, kink, supplementary 

renal vein 325 
-, Kompression, Urographie, ureter, compression, uro

graphy 58 
-, "Kontrastmittel-Jet", ureter, contrast urine jet 61 
-, Kymographie, Cineradiographie, ureter, komygra-

phy, cine-radiography 27 
-, Mega, ureter, mega 340, 341 
-~, Nierenbecken, Abgang, Diastole, Systole, ureter, 

pelviureteric junction, diastole, systole 34 
-, Obstruktion, ureter, obstruction 220 
-, -, Angiographie, ureter, obstruction, angiography 

166 
-, -, Blasencarcinom, ureter, obstruction, bladder car

cinoma 331 
-, Orificium, Tuberkulose, ureteric orifice, tuberculosis 

247,248 
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Ureter, Ostium, Cystitis, ureter, orifice, cystitis 
61 

-, -, Carcinom, ureteric orifice, carcinoma 458 
-, -, Ektopie, ureter, orifice, ectopia 114 
-, Papillom, beginnende Entartung, ureter, papilloma 

incipient malignancy 220 
-, Papillomatose, ureter, papillomatosis 212 
-, Peristaltik, ureter, peristalsis 37 
-, Prolaps, ureter, prolaps 423 
-, -, Differentialdiagnose, ureter, prolaps, differential 

diagnosis 421 
-, Pyelographie, ureter, pyelography 26 
-, Reflux, Urographie, ureter, reflux, urography 

490 
-, retro-cavaler, ureter, retro-caval 112 
-, Rontgendiagnose, ureter, roentgendiagnosis 
-, Stein, AbsceD, ureter, stone, abscess 383 
-, -, auf Knochen projiziert, ureter, stone, projected 

into bone 150 
-, -, Differentialdiagnose: Phlebolith, ureter, stone, 

differential diagnosis: Phlebolithe 17 
-, -, fehlender Nachweis, urete1', stone, absence of 

demonstrable concrement 157 
-, -, Hamatura, ureter, stone, hematura 164 
-, -, Leeraufnahme, ureter, stone, plain radiography 

147 
-, -, Mechanismus der Passage, ureter, stone, mecha-

nism of passage 157, 160 
-, -, Diagnose, ureter, stones, diagnosis 121 
-, -, Perforation, ureter, stones, perforation 135 
-, -, Verschwinden, ureter, stones, disappearance 

134 
-, Steinnachweis, Technik, ureter, stone, technique 

demonstrating 132 
-, Stenose, ureter, stenosis 427 
-, -, nach Strahlentherapie, ureter, stenosis, after 

radiotherapy 375 
-, -, Tuberkulose, 1treter, stenosis, tuberculosis 247 
-, Striktur, nach Ureterolithotomie, ureteric stricture, 

after ureterolithotomy 147 
-, Stumpf, nach Nephrektomie, ureter, stump, after 

nephrectomy 250, 429 
-, Tumoren, ureter, tumors 218--223 
--, Unterbindung, Anurie, ureter, ligation, anuria 

330 
--, -, Kaliber der Nierenarterie, ureter, ligation, ca

liber of renal artery 169 
-, Verlagerung durch Aortenaneurysma, ureter, dis-

placement by aortic aneurysm 37, 424 
--, Verlauf, ureter, course 35, 36 
-, Verletzungen, ureter, injuries 287-308 
-, Pyelographie, ureter, lesions, pyelography 26 
Ureteren, "Hufeisenniere", ureters, horseshoe kidney 

104 
Ureterdivertikel, Urographie, ureteric diverticulum, 

urography 90 
Ureteritis, nach Steinentfernung, ureteritis, after 

ureterolithotomy 147 
-, tuberkulose, Typen, ureteritis, tuberculous, differ-

ent types 246 
Ureteritis regionalis, ureteritis regionalis 426 
Ureterocele, ureterocele 340,421-423 
-, Stein, ureterocele, stone 124, 144 
-, Ureterprolaps, Differentialdiagnose, ureterocele, ur-

eteric prolaps, differential diagnosis 421 

Ureterolithiasis, uretherolithiasis 115-176 
-, Fibrolipomatose, ureterolithiasis, fibrolipomatosis 

374 
Ureterolithotomie, Steinkrankheit, ureterolithotomy, 

ureterolithiasis 146 
Ureterosigmoidostomy, Gasfiillung des Nierenbeckens, 

ureterosigmoidostomy, gas filling of renal pelvis 
392 

Ureterostium, ektopisches, ureteric orifice, ectopic 88 
Ureterostomie, spontanes Gaspyelogramm, ureteros-

tomy, spontaneous gas pyelogram 391 
Urethra, siehe Harnrohre 
-, Anomalien, urethra, anomalies 476 
-, Divertikel, urethra, diverticula 477 
-, doppelte, urethra, double 477 
-, Klappen, urethral valves 478 
-, Rontgenanatomie, urethra, roentgen anatomy 437, 

441 
-, Striktur, urethra, stricture 473,481 
-, Tumoren urethra, tumors 485-487 
Urethritis, urethritis 480 
Urethrocystographie, bei Kindern, urethrocystography, 

children 333 
-, Ektopie des Ureterenostium, urethrocystography, 

ectopia of ureteric orifice 114 
-, normale, urethrocystography, normal 438 
-, Reflux, urethrocystography, cystouretcric reflux 488 
-, Technik, Kontrastmittel, urethrocystography, tech-

nique, contrast medium 435 
-, Tuberkulose, urethrocystography, tuberculosis 249 
Urografen, Protein-Bindungskapazitat, urografen, pro

tein-binding capacity 51 
Urogramm, Ausscheidungs-, Technik, urogram, ex

cretory, technique 58 
-, Beurteilung der Nierenfunktion, urogram, jug

ment of renal function 50 
-, Kontrastdichte, urogram, contrast density 48, 49 
Urographie, Angiolipom der Niere, urography, angio

lipoma of kidney 202 
-, bewegliche Nieren, urography, mobile lcidneys 

12 
-, bilaterales Nierencarcinom, urography, bilateral 

renal carcinoma 194 
-, blind endender Ureter, urography, blind ureter 90 
-, Cystenruptur in das Nierenbecken, urography, 

cyst rupturing into renal pelvis 227 
-, Differentialdiagnose: Phlebolith, Ureterstein, uro

graphy, differential diagnosis: Phlebolite, ureteric 
stone 17 

-. -, Intra-, extraperitoneale Tumoren, urography, 
differential diagnosis: Intra-, cxtraperitoneal masses 
13 

-, doppelte Niere, nichtschattengebender Stein, uro
graphy, double kidney, non-opaque stone 137 

-, Drehungsanomalien der Niere, urography, mal
rotation of kidney 98 

-, 20% der genetisch signifikanten Dosis, urography, 
20% of the genetiwlly significant dose 4 

-, Ektopie des Ureterenostium, urography, ectopia of 
ureteric orifice 114 

-, Embryoblastom, urography, embryoblastoma 198 
-, fehlende Ausscheidung, Ureterkonkrement, uro-

graphy, absent excretion, ureteric concrement 168 
-, Fiillung der Gallenblase, urography, filling of 

gallbladder 51, 53 
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Urographie, heterotope Kontrastmittelausscheidung, 
urography, heterotopic excretion of contrast media 
50 

-, Hufeisenniere, urography, horseshoe kidney 104,105 
-, -, Steine, urography, horseshoe kidney, stones 120 
-, Hypoplasie der Niere, urography, renal hypoplasia 

96 
-, Indikation, Nierenverletzung, urography, indica

tion, renal injury 287 
-, Infusions-, Technik, urography, infusion, technique 

62 
-, intrarenales Nierenbecken, urography, intrarenal 

kidney pelvis 99 
-, Kelchcysten, Divertikel, urography, calyceal cysts, 

diverticula 91, 92 
-, Kontrastmittel, ul"ography, contrast media 42 
-, Kontrastmittelausscheidung, urography, excretion 

of contrast medium 48 
-, nach doppelseitiger Pyelostomie, urography, after 

bilateral pyelostomy 148 
-, nach Steinentfernung, urography, after operatil'e 

removal of stone 147 
--, negative, Nierencarcinom, urography, negative, 

renal carcinoma 183 
-, nichtschattengebende Steine, urography, non-opa-

que stones 136 
-, NierenabsceB, urography, renal abscess 387 
-, Nierenanomalien, urography, renal anomalies 86 
-, Nierenbeckenabgang des Ureters, urography, pel-

viureteric junction 34 
-, Nierenbecken-Tumoren, urography, tumors of renal 

pelvis 213 
-, Nierencarcinom, urography, renal carcinoma 179, 

180 
-, Nierencarcinom, Differentialdiagnose, urography, 

renal carcinoma, differential diagnosis 211 
-, Nierencysten, urography, renal cysts 224 
-, Nierenektopie, urography, renal ectopia 101, 102 
-, Niereninsuffizienz, urography, renel1 insufficiency 

54 
-, Nierenkolik, Kontrastmittelextravasation, uro

graphy, renal colic, extravasation of contrast medium 
405, 408 

-, Nierentuberkulose, urography, renal tuberculosis 
240, 242 

-, Nieren-Ureterstein, urography, renal ureteric 
stones 136 

-, Nierenversagen nach, urography, renal failure after 
55 

-, Papillennekrose, urography, papillary necrosis 
370 

-, polycystische Nierendegeneration, urography, mul
ticystic kidney 94, 235 

-, postoperative, Hydronephrose, urography, post
operative, hydronephrosis 321 

-, -, nach Anurie, urography, postoperative, after 
anuria 330 

-, Priifung der Nierenfunktion, urography, to check 
renal function 166 

-, pyelogene Cyste, Steinbildung, urography, pyelo
genic cyst, stone formation 131 

-, Pyelographic, Indikation, urography, pyelography, 
indication 42 

-, Pyelonephritis, urography, pyelonephritis 356-
362 

41 Handbuch der med. Radiologie, Bd. XIII!l 

Urographie, reflektorische Anurie, urography, reflex 
anuria 158 

--, Reflux, Blase-Harnleiter, urography, reflux, cysto
ureteric 490 

-, RiickfluBphanomen, urography, back flow pheno
menon 397, 398 

-, Schwangerschaft, urography, pregnancy 334, 336 
-, Sequenz-, Auswasch-, urography, rapid sequence, 

wash out 285 
-, Serienuntersuchungen, urogr·aphy, check examina

tions 63 
-, Stenose, Nierenbeckenabgang, urography, sten-

osis, pelviureteric junction 310, 313, 315 
-, "stumme Niere", urography, "silent kidney" 170 
-, Trauma, urography, trauma 289 
-, tubulare Ektasie, urography, tubular ectasia 395 
-, Untersuchungstechnik, urography, examination 

technique 57 
-, Ureterocele, Stein, urography, ureterocele, stone 

124 
-, Veranderungen bei Appendicitis, urography, chan

ges at appendicitis 157 
-, Vorbereitung mit Einlauf, urography, preparation 

with enema 7 
-, wahrend einer Nierenkolik, urography, during renal 

colic 150 
-, "water-loated", urography, "wate-r-loated" 315, 

316 
Urography, Myelom, urography, myeloma 55 
-, Uretertumoren, urography, ureteric tumors 219 
Urokon, Protein-Bindungskapazitat, urokon, Protein-

binding capacity 57 
-, Strukturformel, urokon, structural formula 44 
Urolithiasis, Begleitkrankheiten, urolithiasis, concomi

tant diseases 126 
-, Cholelithiasis, Differentialdiagnose, urolithiasis, 

cholelithiasis, differential diagnosis 155 
-, Hyperparathyreoidismus, urolithiasis, hyperpara

thyroidism 173 
-, Riintgenuntersuchung im Zusammenhang mit der 

Operation, urolithiasis, roentgen examination in 
association with operation 135 

Urologische Riintgendiagnose, Grundlagen der Unter
suchung, urologic roentgendiagnosis, principles of 
examination 2,3 

Urologische Riintgenuntersuchung, Strahlendosis, 
urologic roentgen examination, radiation dose 3 

-, Strahlenschutz, urologic roentgen examination, 
radiation protection 3 

-, Vorbereitung des Patienten, urologic roentgen ex
amination, preparation of patient 6 

Uromiro, Strukturformel, uromiro, structural formula 
46 

Uroselectan B, Strukturformel, uroselectan B, struc
tural formula 43 

Urticana, Kontrastmittelreaktion, urticana, induced 
by contrast medium 56 

Varianten, arterielle Versorgung der Niere, variations, 
arterial supply of kidney 76 

-, multiple Nierenarterien, variations, multiple renal 
arteries 11 0 

-, Nierenform, variations, shape of kidneys 14 
Varicen, Niere, varices, of kidney 283 
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Vasopressin, Vorbereitung zur urologischen Unter
suchung, vasopressin, preparation jor urologic ex
amination 7 

Venose Phase, Nierenangiographie, venous phase, renal 
angiography 81 

Venographie, Niere, phlebography, renal 83 
~,Nierencarcinom, phlebography, renal carcinoma 

191 
~, Thrombose der Nierenvene, phlebography, throm

bosis of renal vein 280 
Vergrol.lerung, Niere, enlargement, kidney 350 
Verkalkung, Nierenbecken, Differentialdiagnose, cal

cification, renal pelvis, differential diagnosis 133 
~, ~, Sulfonamide, calcification, renal pelvis, sulfon

amides 127 
--, Nierenbeckentumoren, calcification, tumors of renal 

pelvis 215 
~,Nierencysten, calcification, renal cysts 224 
~, Nierenparenchym, Osteom, calcification, renal par

enchyma, osteoma 204 
~, Nierentuberkulose, calcification, renal tuberculosis 

240, 241 
~, Samenkanalchen, calcification, seminal vesicles 249 
Verkalkungen, siehe Urolithiasis, calcifications, see 

urolithiasis 
~, freigelegte Niere, calcifications, surgically exposed 

kidney 24 
~,Intima, Arteriosklerose, calcification, intimal, ar

teriosclerosis 260 
~, kleines Becken, calcifications, small pelvis 433 
~, Lokalisation in der Niere, calculi, locating within 

the kidney 11 
~,Nephrocalcinose, calcifications, nephmcalcinosis 

172 
~, Nierencarcinom, calcifications, renal carcinoma 177 
~, ~, Differentialdiagnose, calcifications, renal carci

noma, differentialdiagnosis 210 
~,polycystische Nierendegeneration, calcification, 

multicystic kidney 94 

Vcrkalkungen, Projektion in die Harnwege, calci-
fications, projection into the urinary tract 17 

~, Prostata, calcifications, prostatic gland 434 
~, SamenbJaschen, calcifications, vesicular 438 
~, tubulare Ektasie, calcification, tubular ectasia 395 
Verlagerung, Niere, Ptose, displacement, kidney, ptosis 

13 
Verletzung, siehe Trauma, injury see trauma 
~, Niere, Ureter, injury, kidney, ureter 287~308 

Verschlul.l, Nierenarterie, block, renal artery 278 
~,Nierenarterie, Transplantat, occlusion, artery of 

transplanted kidney 417 
Verschwinden, Kieren-, Uretersteine, disappearance, 

renal, ureteric calculi 134 
Vesamin, Strukturformel, vesamin, structural formula 

44 
Vitamin A, Mangel, Steinkrankheit, vitamin A, defi

ciency, urolithiasis 126 
Vitamin D, Intoxikation, Nephrolithiasis, vitamin D, 

intoxication, nephrolithiasis 127 
Vorbereitung, urologische Untersuchung, preparation, 

urologic examination 6 
~, Urographie, preparation, 1trography 52 

Weibliche Patient en, Rontgenuntersuchung, female 
patients, roentgen examination 4 

Weltgesundheitsorganisation, radiogen ausgeloste Mu
tationen, World Health Organization, radiogenous 
mutations 4 

\\films-Tumor, Adenosarkom der Kiere, Wilms' tumor, 
adenosarcoma oj kidney 197 

Winkel, Langsachsen der Nieren, normaler, angle, 
longitudinal axis oj kidneys, normal 10 

Wirbelkorper renale Osteodystrophie, vertebral bodies, 
renal osteodystrophy 175 

Zonographie, Indikationsstellung, zonography, indi
cations 17, 18 
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"Where Englisch and German spelling of a word is identical, the German version is omited 

abdominal angiography, renal angiography, Abdomi
nale Angiographie, Nierenangiographie 63 

-, retroperitoneal pneumography, Abdominale Angio-
graphie, retroperitoneale Pneumographie 19 

abscess, renal, AbscefJ, Niere 385 
-, perinephritic, AbscefJ, perinephritischer 378 
abuse, analgetic drugs, tumors of renal pelvis, Abusus, 

Analgetica, Nierenbeckentumoren 213 
accessory renal arteries, Akzessorische Nierenarterien 

108 
acetylcholin, pharmacoangiography of kidney, Acetyl

cholin, Pharmakoangiographie der Niere 83 
acute renal failure, Akutes Nierenversagen 354 
-, after urography, Akutes Nierenversagen, nxch Uro

graphie 55 
acute urography, ureteric stone, colic, Akute Urogra

phie, U retersteinkolik 167 
adenocarcinoma, urinary bladder, Adenocarcinom, 

H arnblase 452 
age, urinary calculi, Alter, Harnsteine 117 
agenesia, renal parenchyma, Agenesie, Nierenparen

chym 93 
allergic reactions, contrast media, Allergische Reak

tionen, Kontrastmittel 56 
amyloidosis, of kidney, Amyloidosis, Nicre 428 
ampullary, dendritic kidney pelvis, AmpuWires, den

dritisches N ierenbecken 31 
anaplastic carcinoma, renal pelvis, Anaplastisches 

Carcinom, Nierenbecken 217 
anastomoses, arteriovenous, A nastomosen, arteriovenose 

271 
anastomosis, transplanted kidney, Anastomose, N ie

rentransplantat 417 
anatomy, urinary bladder, Anatomie, Harnblase 

436 
-, ureter, ureteric orifice, Anatomie. Harnleiter, Ori

ficium 35, 36 
-, information about, urography, Anatomic, Infor

mation der Urographie 60, 61 
-, multiple renal arteries, Anatomie, multiple Nieren-

arterien 108 
-, suprarenal gland, Anatomie, Nebenniere 22 
-, kidney, Anatomie, Niere 8-16 
-, renal arteries, Anatomie, Nierenarterien 67, 73, 

78 
-, renal pelvis, pyelography, Anatomie, Nierenbecken, 

Pyelographie 29 
-, renal hilum, nephrogram, Anatomie, Nierenhilus, 

N ephrogramm 39, 40 
-, renal phlebography, Anatomie, Nierenvenographie 

85 
-, retroperitoneal pneumography, Anatomie, retro

peritoneale Pneumographie 18, 21 
aneurysm, arteriovenous, angiography, Aneurysma, 

arteriovenoses, Angiographie 271 

aneurY3m, false, of kidney, Aneurysma, falsches, 
Niere 270 

-, -, after renal biopsy, Aneurysmx, falsches, nxch 
Nierenbiopsie 301 

aneurysms, multiple, renal artery, Aneurysmen, mul
tiple, N ierenarterie 267 

angiocardiography, detection of renal malformations, 
Angiokardiography, Entdeclcung von NierenmifJbil
dungen 95 

angio-conray, structural formula, Angio-Conray, Slru!:
turformel 46 

-, renal cysts, Angiographie, Nierencysten 225, 230 
-, see renal angiography, Angiographie, siehe Nieren-

angiographie 
-, abdominal, retroperitoneal pneumography, Angio

graphie, abdominale, retroperitonex/e Pneumography 
19 

-, angiolipoma of kidney, Angiographie, Angiolipom, 
der N iere 202 

-, angiomyolipoma, Angiogmphie, Angiomyolipom 
203 

-, arteriovenous aneurysm, Angiographie, arteriove
noses Aneurysm'}, 271 

-, bladder carcinoma, Angiographie, Blasencarcinom 
459-461 

-, bladder papilloma, Angiographie, Blasenpapillom 
457 

-, operatively exposed kidney, Angiogmphie, chi
Turgisch freigelegte N iere 68 

-, bilateral carcinoma of renal pelvis, Angiographie, 
doppelseitiges Nierenbeclcencarcinom 218 

-, equipment, Angiographie, Einrichtung 3 
-, fibrolipomatosis, Angiographie, Fibrolipomatosc 

372 
-, filling of gallbladder, Angiographie, Fiillung von 

Gallenblasen 51, 53 
-, function of transplanted kidney after, Angiogra-

phie, Funktion des Nierentransplantates nach 417 
-, urinary bladder, Angiographie, Harnblase 444 
-, hydronephrosis, Angiographie, Hydronephrose 219 
-, carotid, vertebral, cerebral metastases, Angiogra-

phie, Karotis-, Vertebralis-, Gehirnmetastasen 189 
-, multiple renal arteries, Angiographie, multiple 

N ierenarterien 108 
-, renal, Angiographie, Nieren 63-85 
-, renal anomalies, Angiographie, Nierenanomalien 

III 
-, renal carcinoma, Angiographie, Nierencarcinom 

182 
-, renal transplantation, Angiographie, Nierentrans

plantation 415 
-, normal vessels pelvis, Angiographie, normale Belc

lcengefdfJe 440 
-, pathologic vasculature, ureteric artery, Angiogra

phie, pathologische GefdfJe, A. ureterica 219 
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angicgraphy, polycystic disease of kidney, Angio
graphie, polycy8ti8che Nierendegeneration 94, 237 

-, post mortem, renal carcinoma, Angiographie, p08t 
mortem, Nierencarcinom 187 

-, pyelonephritis, Angiographie, Pyelonephriti8 
360 

-, renal hypertension, Angiographie, renaler Hoch
druck 264 

-, "silent kidney", Angiographie, ,,8tumme Niere" 
170 

-, flow studies, Angiographie, Unter8uchung der Stro
mung8ge8chwindigkeit 81 

angiolipoma, of kidney, Angiolipom, Niere 202 
angiomyolipoma, of kidney, angiography, Angiomy

olipom, Niere, Angiographie 203 
angiotensin, renal cysts, Angioten8in, NierencY8ten 

225 
-, pharmacoangiography of kidney, Angioten8in, 

Pharmakoangiographie der Niere 83, 186 
angle, longitudinal axis of kidneys, normal, Winkel, 

Liing8ach8en der Nieren, normaler 10 
anomalies, ureteric, M ijJbildungen, Ureter 112-115 
-, urinary bladder, Anomalien, Harnbla8e 446 
-, urinary tract, Anomalien, Harntrakt 85-115 
-, renal, concrements, Anomalien, Niere, Konkre-

mente 119 
anomaly see malformation, Anomalie 8iehe MijJbildung 
antegrade pyelography, technique, Antegrade Pyelo

graphie, Technik 24, 40 
anuria, myeloma, urography, Anurie, Myelom, Uro-

graphie 55 
-, after pyelography, Anurie, nach Pyelographie 42 
-, postoperative, Anurie, p08toperative 463 
-, reflex, Anurie, reflektori8che 158 
-, bilateral ligation of the ureters, Anurie, Ureteren-

unterbindung 330 
aortic aneurysm, displacement of ureter, Aortenaneu

rY8ma, Verlagerung de8 Ureter8 37 
aortic punture, renal angiography, A ortenpunktion , 

N ierenangiographie 64 
aortography, lumbar, renal tumor, Aortographie, lum

bale, Nierentumor 184 
-, renal cyst, Aortographie, NierencY8te 228 
-, renal hypertension, Aortographie, renaler Hyper-

tonu8 285 
aplasia, renal parenchyma, Apla8ie, Nierenparenchym 

93 
appendicitis, acute, changes of urography, Appendi

citi8, akute, Veriinderungen bei Urographie 157 
arterial supply, kidney, varations, Arterielle Versor

gung, Niere, Varianten 76 
arterial thrombosis, renal carcinoma, Arterielle Throm

bose, Nierencarcinom 187 
arteries, renal, anatomy, Arterien, Niere, Anatomie 

73 
arteriography, renal, see angiography, renal angio

graphy, Arteriographie, Niere, siehe Angiographie, 
N ierenangiographie 

-, renal tuberculosis, Arteriographie, Nierentuber
kulose 251 

-, intrarenal kidney, pelvis, Arteriographie, intra
renales N ierenbecken 99 

arteriosclerosis, renal vessels, Arteriosklerose, N ieren
gefiijJe 259 

arteriovenous anastomoses and fistulae, Arteriovenose 
Ana8tomo8en und Fisteln 271-276 

arteriovenous fistula, after renal biopsy, Arterioveno8e 
Fistel, nach Nierenbiopsie 301 

AT10' calcification, renal pelvis, ATlO' Verkalkung, 
Nierenbecken 127 

autopsy, renal volume, Sektion, Nierenvolumen 16 
avascular renal tumors, Avasculiire Nierentumoren 

190 

backflow, pyelolymphatic, Reflux, pyelolymphati8cher 
87 

-, see reflux, RiickflujJ, siehe Reflux 
backflow phenomenon, RiickflujJphenomen 397-414 
background radiation, cumulative gonad dosis, 

Untergrundstrahlung, kumulative Gonadendosi8 4 
bcd rest, long, urolithiasis, Bettruhe, lange, Stein

krankheit 127 
bedridden patients, preparation for urologic examin

ation, Bettliigeri8che Patienten, Vorbereitung zur 
urologi8chen Unter8uchung 6 

benign renal tumors, Gutartige Nierentumoren 200-
205 

bilateral carcinoma of kidney, Bilaterale8 Nieren
carcinom 194 

-, of renal pelvis, Bilaterale8 Nierenbeckencarcinom 
218 

bilateral fibrolipomatosis, of kidney, Bilaterale Fibro
lipomato8e, Niere 372 

bilateral ligation of ureters, anuria, Bilaterale Ureteren
ligatur, Anurie 330 

bilateral renal cysts, Bilaterale NierencY8ten 233-
238 

-, tuberculosis, Bilaterale Nierentuberkulose 241 
bilateral stenosis, pel vi ureteric junction, Bilaterale 

Steno8e, Nierenbeckenabgang 316 
bilateral ureteric carcinoma, Bilaterale8 Uretercarci-

nom 221 
bilateral ureterocele, Bilaterale Ureterocele 422 
bilharziosis, Bilharzio8i8 427 
biopsy, renal, injury, Biop8ie, Niere, Verletzung 301 
bladder, displacement, Bla8e, Verdriingung 447 
-, see urinary bladder, Bla8e 8iehe Harnbla8e 
-, trabeculation, diverticula, Bla8e, Balken, Divertikel 

446 
-, unintentional exstirpation, Bla8e, nicht gewollte Ex-

8tirpation 463 
-, wall, thickness of, Bla8e, Wand, Dicke der 437 
bladder carcinoma, ureteric obstruction, Bla8encarci

nom, Ureterenob8truktion 331 
bladder diverticulum, tumor, Bla8endivettikel, Tumor 

455 
bladder diverticulum, during micturition, Blasen

divertikel, wiihrend M iktion 446 
bleeding, subcapsular, kidney, Blutung, 8ubkapsulare, 

Niere 307 
blind ureter, Blind endender Ureter 89 
block, renal artery, Ver8chlujJ, Nierenarterie 278 
blood clots renal artery, Blutgerinn8el, Nierenarterie 

277 
-, renal pelvis, differential diagnosis, Blutgerinnsel, 

Nierenbecken, DitJerentiaidiagno8e 138 
-, renal pelvis, hemophilia, Blutgerinn8el, Nieren

becken, Hiimophilie 286 
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blood coagula, urinary bladder, Blutgerinnsel, Harn
blase 453, 454 

blood flow, renal, calculation, BlutdurchfluJ3, Niere, 
Berechnung 81 

blood pressure, excretion of contrast media into the 
renal pelvis, Blutdruck, Kontrastmittelausscheidung 
im N ierenbecken 49 

-, fall, decrease of kidney-size, Blutdruck, Abfall, 
Abnahme der NierengroJ3e 16 

blood vessels, effect of contrast media, BlutgefaJ3e, 
Kontrastmittelwirkung 47 

bone, renal dystrophy, Knochen, renale Dystrophie 
175 

-, destruction, renal carcinoma, Knochen, Destruk
tion, Nierencarcinom 210 

calcified lymph nodes, calcifications in the urinary 
tract, Lymphknotenverkalkungen, Verkalkungen im 
Harntrakt 17 

calcification, intimal, arteriosclerosis, Verkalkung, 
Intima, Arteriosklerose 260 

-, multicystic kidney, Verkalkung, polycystische 
N ierendegeneration 94 

-, nephrocalcinosis, Verkalkung, N ephrocalcinose 
172 

-, projection into the urinary tract, Verkalkung, 
Projektion in die Harnwege 17 

--, prostatic gland, Verkalkung, Prostata 434 
-, see urolithiasis, Verkalkung, siehe Urolithiasis 
-, small pelvis, Verkalkungen, kleines Becken 433 
-, tubular ectasia, Verkalkung, tubulare Ektasie 

395 
-, tumors of renal pelvis, Verkalkung, Nierenbecken

tumoren 215 
-, renal carcinoma, Verkalkung, N ierencarcinom 

177 
-, renal carcinoma, differential diagnosis, Verkal

kung, Nierencarcinom, Differentialdiagnose 210 
-, renal cysts, Verkalkung, NierencY8ten 224 
-, renal parenchyma, steoma, Verkalkung, Nieren-

parenchym, Osteom 204 
-, renal pelvis, differential diagnosis, Verkalkung, 

Nierenbecken, Differentialdiagno8e 133 
-, -, sulfonamides, Verkalkung, Nierenbecken, Sul

fonamide 127 
-, renal tuberculosis, Verkalkung, N ierentuberkulose 

240,241 
-, seminal vesicles, Verkalkung, Samenkanalchen 249 
calcifications, surgically exposed kidney, Verkalkun

gen, freigelegte N iere 24 
-, vesicular, Verkalkungen, Samenblaschen 438 
calcium, deposits, renal papillae, Oalcium, Ablagerun

gen, Nierenpapillen 128 
-, excretion, disturbance, Oalcium, Ausscheidung, 

StOrung 128 
calculation, of renal volume, Berechnung, Nierenvo

lumen 16 
calculi, characteristic, tubular ectasia, Steine, charak

teristische, tubuliire Ekta8ie 395 
-, locating within the kidney, Verkalkungen, Lokali

sation in der Niere 11 
calyceal diverticula, urography, Kelchdivertikel, Uro

graphie 90, 91 

42 Handbuch der med. R.adioiogie, Bd. XIII/1 

calyceal stones, Randall-Carr theory of formation, 
Kelchsteine, Randall-Oarr-Theorie der Entstehung 
130 

calyces see renal calyces, Kelche siehe Nierenkelche 
carbon dioxide, contrast medium, retroperitoneal 

pneumography, Kohlendioxyd, Kontrastmittel, retro
peritoneale Pneumographie 18. 20 

carbuncle, renal, Karbunkel, Niere, 378, 385 
carcinoma, of bladder, Oarcinom, Harnblase 452 
-, of kidney, Oarcinom, Niere 177-199 
-, renal pelvis, Oarcinom, Nierenbecken 212-218 
-, ureteric, Oarcinom, Ureter 218-223 
-, urethra, Oarcinom, Harnrohre 485 
-, with cyst, kidney, Oarcinom, mit Oyste, Niere 231 
carcinomatosis, skeletal, urolithiasis, Oarcinimatose, 

Skelet-, Steinkrankheit 126 
castor oil, preparation of of urologic examination, 

Ricinusol, Vorbereitung, urologische U ntersuchung 
6 

catheterization, trauma, Katheteri8ierung, Trauma 
6,7 

-, multiple renal arteries, Katheterisierung, multiple 
Nierenarterien 109 

-, renal angiography, Katheteri8ierung, Nierenangio
graphie 64 

-, renal pelvis, contractions, Katheterisierung, Nie
renbecken, Kontraktionen 27 

-, renal phlebography, Katherisierung, Nierenveno
graphie 83 

catheter, clot formation, renal infarction, Katheter, 
Blutgerinnsel, Niereninfarkt 277 

-, false passage, urethra, Katheter, falsche Pas8age, 
Urethra 484 

-, injury of renal pelvis, Katheter, Verletzung, Nie
renbecken 297, 307 

-, position, pyelography, Katheter, Lage, Pyelographie 
26 

caudal dystopia, of kidney, Kaudale Dystopie, Niere 
101 

caval vein, inferior, obstruction, tumor, Hohlvene, 
untere, VerschluJ3, Tumor 191 

-, -, thrombosis, Hohlvene, untere, Thrombo8e 283 
cavities, renal calyces, tuberculosis, Kavernen, Nie

renkelche, Tuberkulose 243, 244 
cavography, renal phlebography, Oavographie, Nie

renvenographie 83 
-, retro-caval ureter, Oavographie, retro-cavaler 

Ureter 113 
-, retroperitoneal tumors, Oavographie, retroperi

toneale Tumoren 218 
-, tumor thrombus, Oavographie, Tumorthrombus 

185 
check examinations, urography, Serienunter8uchungen, 

U rographie 63 
chemical composition, contrast media, urography, 

Ohemi8cher Aufbau, Kontrastmittel, Urographie 
42 

chemistry, renal calculi, Ohemie, Nierensteine 115 
child, development of renal calculi, Kind, Nieren-

8tein-Entwicklung 123 
-, intermittend hydronephrosis" Kind, intermittie

rende Hydronephro8e 317 
-, normal position of kidney, Kind, normale Nieren

luge 9 
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childhood, fatty capsule of kidney, Kindheit, Fett
kapsel del' N iere 8 

children, dilatation of urinary tract, Kinder, Erwei
terung of urinary tract 333 

-, excretion of contrast media, Kinder, Kontrastmit
telausscheidung 49 

-, indication for pyelography, Kinder, Indikation zur 
Pyelographie 333 

-, malignant renal tumors, Kinder, maligne Nieren
tumoren 197 

-, meteorism, Kinder, Meteorismus 7 
-, preparation, urologic examination, Kinder, Vor-

bereitung, urologische Untersuchung 6 
-, pyelography, technique, Kinder, Pyelographie, 

Technik 24 
-, renal cysts, Kinder, Nierencysten 224 
-, renal injuries, Kinder, Nierenverletzungen 296 
-, small kidney, differential diagnosis, Kinder, kleine 

Niere, Differential Diagnose 95 
-, urethrocystography, Kinder, Urethrocystographie 

333, 444 
-, urolithiasis, Kinder, Harnsteine 117 
childhood, vitamin D-intoxication, Kindheit, Vita

min D-Intoxikation 127 
cholecystography, heterotopic excretion of contrast 

medium, Cholecystographie, heterotope Kontrast
mittelausscheidung 52 

cholegrafin, protein-binding capacity, Cholegrafin, 
Protein-Bindungskapazitdt 51 

cholelithiasis, urolithiasis, differential diagnosis, 
Urolithiasis, Differentialdiagnose 153 

cholesteatoma, of kidney, Cholesteatom, Niere 205 
chromosomal aberrations, radiogenous, Chromosomen

aberrationen, radiogene 4 
chronic reflux, phenomenon, Chronisches Reflux-Phd

nomen 413 
cicatrization, renal pelvis, tuberculosis, N arbensta

dium, N ierenbeckentuberkulose 247 
cine-radiography, renal angiography, Cine-Radio

graphie, Nierenangiographie 3 
-, renal pelvis, ureter, Cine-Radiographie, Nieren

becken, Ureter 27 
-, ureteric peristalsis, Cine-Radiographie, Harnleiter

peristaltik 37 
circulation, effect of contrast media, Kreislauf, Kon

trastmitteleinwirkung 47 
-, renal, registration, equipment, Blutkreislauf, Niere 

Einrichtung zur Darstellung 3 
classification, bach flow phenomenon, Klassifizierung, 

Riickfluj3phdnomen 397 
-, calyceal cysts, Klassifizierung, Kelchcysten 92,93 
-, of kidneys according the thickness, Klassifizie-

rung, Nierendiclce 14 
-, multiple renal arteries, Klasszfizierung, multiple 

Nierenarterien 78, 79, 110 
-, renal hypoplasia, Klassifizierung, Nierenhypoplasie 

96 
-, renal rupture, Klassifizierung, Nierenruptur 288 
-, roentgenologic volume of kidneys, Klassifizierung, 

rontgenologisches Volumen der Nieren 16 
clysodrast, preparation, urologic examination, Clyso

drast, Vorbereitung, urologische Untersuchung 6 
coagulation mechanism, contrast media, Koxgulations

mechanismus, Kontrastmittel 73 

coagulum, ureter, Coagulum, Ureter 41 
collateral circulation, renal arteries, Kollateralkreis

lauf, Nierenarterien 75 
-, renal arteriosclerosis, Kollateralkreislauf, Nieren

arteriosklerose 263 
collimating cone, pyeloscopy, Streustrahlentubus, 

Pyeloskopie 26 
-, radiation protection, Streustrahlentubus, Strahlen

schutz 5 
complications, contrast media, Komplilcationen, Kon

trastmittel 55-57 
-, "ratrogenic" trauma, pyelolithotomy, Komplika

tionen, "ratrogenes" Trauma, Pyelolithotomie 296, 
307 

-, radiation nephritis, Komplilcationen, Strahlen
nephritis 374 

-, renal angiography, infarction, Komplilcationen 
N ierenangiographie, I nfarlct 277 

-, renal arteriography, Komplikationen, N ierenarterio
graphie 71, 73 

-, renal dystopia, obstetric, Komplilcationen, Nie
rendystropie, Geburtshilfe 104 

-, retroperitoneal pneumography, Komplilcationen, 
retroperitoneale Pneumographie 20 

-, see risks, Komplikationen, siehe Gefahren 
-, unintentional exstirpation of bladder, Komplika-

tionen, nichtgewollte Blasenexstirpation 465 
-, urethrocystography, Komplilcxtionen, Urethro

cystographie 444 
concentration, contrast media, excretion, Konzentra

tion, Kontrastmittel, Ausscheidung 48 
confluens, diastole, systole, Confluens, Diastole, 

Systole 34 
-, see pelviureteric junction, Confluens, siehe Nieren

beckenabgang 192 
congenital polycystic kidney, schema, Angeborene 

polycystische Nierendegeneration, Schema 94 
concrement, see stone, Konkrement, siehe Stein 
-, ureteric, absence of demonstrable, Konlcrement, 

Ureter, fehlender Nachweis 157 
concrements, blind ureter, Steine, blind endender 

Ureter 89 
-, calciumoxalate, mandelic acid, Konlcremente, Cal

ciumoxalat, Mandelsdure 127 
-, formation, from roentgenologic point of view, 

Konlcremente, Bildung, vorn rontgenologischen Stand
punlct 128 

-, surgically exposed kidncy, Steine, freigelegte Niere 
24 

-, urinary bladder, plain radiography, Steine, Ham-
blase, Leeraufnahrne 8 

-, urinary tract, Konlcremente, Hamtrakt 115-17G 
-, urinary tract, Steine, Harntralet 17 
connective tissue, retroperitoneal, renal fascia, rela

tions, Bindegewebe, retroperitoneales, Nierenfascie, 
Beziehungen 19, 21 

conray, Structural formula, Conray, Strukturforrnel 46 
contact laxatives, preparation, urologic examination, 

Kontalctlaxativa, Vorbereitung, urologische U nter
suchung 6 

contraceptives, ureteric dilatation, Kontraception, 
Uretenrweiterun;; 339 

contraindication, urography, myeloma, Kontraindi
leation, Urographie, Myelom 55 
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contraindications, pyelography, Kontraindikationen, 
Pyelographie 41 

-, retroperitoneal pneumography, Kontraindika
tionen, retroperitoneale Pneumographie 21 

contrast density, urogram, Kontra8tdichte, Urogramm 
48,49 

contrast media, density, urine, Kontra8tmittel, Dichte, 
Urin 48 

-, diuretic effect, Kontra8tmittel, diureti8che W irkung 
48 

-, gas pyelography, Kontra8tmittel, Ga8-Pyelographie 
25 

-, heterotopic excretion, urography, Kontra8tmittel, 
heterotope AU88cheidung, Urographie 50-52 

-, osmotic pressure, Kontra8tmittel, osmoti8cher Druck 
48 

-, pyelography, Kontrastmittel, Pyelographic 24 
-, reactions, Kontrastmittel, Reaktionen 55-57 
-, renal angiography, Kontrastmittel, Nierenangio-

graphie 69 
-, retroperitoneal pneumography, Kontrastmittel, 

retroperitoneale Pneumographie 18 
-, urography, Kontrastmittel, Urographie 42 
contrast medium, coagulation mechanism, Kontrast

mittel, Koagulationsmechanismus 73 
-, delayed excretion, renal colic, Kontrastrnittcl, ver

zogerte Ausscheidung, Nierenkolik 152 
-, depot, renal parenchyma, Kontrastmittel, Depot, 

Nierenparenchym 26 
-, excretion, children, Kontra8tmittel, AU8scheidung, 

Kinder 49 
-, -, urography, Kontrastmittel, Ausscheidung, Uro

graphie 48 
-, -, tuberculosis, Kontrastmittel, Ausscheidung bei 

Tuberkulose 250 
-, extravasate, renal calyx, Kontra8tmittel, Extravasat 

Nierenkelch 401, 408 
-, hypersensitivity, Kontrastmittel, Uberempfindlich

keit 42 
-, impaired excretion, renal injury, Kontra8tmittel, 

verminderte Ausscheidung, Nierenverletzung 291 
-, injection, dose urography, Kontrastmittel, Injek

tion, Dosis, Urographie 52 
-, jet effect, ureteric orifice, Kontrastmittel, "J et

EtJekt", Ureter-Ostium 61 
-, layer formation, renal pelvis, Kontrastrnittel, 

Schichtung, Nierenbecken 27 
-, layer formation, renal pelvis, Kontrastmittel, 

Schichtbildung, NieTenbec7cen 311 
-, protein-binding capacity, Kontrastmittel, Protein

Bindungs7capazitiit 51 
-, renal phlebography, Kontrastmittel, Nierenveno

graphie 85 
-, reflux, pyelography, Kontrastmittel, Reflux, Pyelo

graphie 26 
-, test injection, Kontra8tmittel, Te8tinje7ctionen 56,57 
-, urethrocystography, Kontrastmittel, Urethrocysto-

graphie 435 
contusion, of kidney, Kontusion, Niere 288, 295 
cranial dystopia, of kidney, Kraniale Dystopie, Nien 

102, 104 
crossed dystropia, of kidney, Ge7creuzte Dystopie, 

Niere 102, 104 
crushed kidney, "Crush-Niere" 300 

42* 

Cushing's syndrome, urolithiasis, Cushing8 Syndrom 
Stein7crankheit 126 

cyst, ovarian, pregnancy, CY8te, Ovar, Schwangerschafl 
-, pyelogenic, Cyste, Nieren7celch 87, 91 

338 
-, pyelogenic, stone, formation, CY8te, pyelogene, 

Steinbildung 131, 133 
-, renal, carcinoma, Cyste, Niere, Carcinom 195 
-, -, differential diagnosis, Cyste, Niere, DitJerential-

diagnosie 209, 210 
cystitis, emphysematous, CY8titis, emphy8ematose 451 
-, tuberculous, tuber7cuW8e 248 
-, ureteric orifices, Cystitis, Ureterenostien 61 
cysts, hydatid, of kidney, CY8ten, Echinococcu8, Niere 

233 
-, of kidney, Cysten, Niere 223-238 
-, renal, lymphatic, Cysten, Niere, lymphati8che 232 
-, -, puncture, Cyste, Niere, Pun7ction 229, 231 
-, rupturing into renal pelvis, CY8te, in das Nieren-

becken rupturierend 227 
-, see renal cyst, Cyste siehe N ierencyste 
-, with carcinoma, kidney, CY8te, mit Carcinom, 

Niere 231 
crystallography, urinary calculi, Kristallographie, 

Harnsteine 116 
cystine stones, plain radiography, Cystinsteine, Leer-

aufnahme 132 
cystinuria, urolithiasis, Cystinurie, Steinkran7cheit 127 
cystocele, CY8tocele 447, 448 
cystography, double contrast. Cystographie, Doppel

kontra8t 443 
-, papillary carcinoma, Cystographie, papilliires Carci-

nom 215 
-, technique, Cystographie, Technik 437 
cystoscopy, meteorism, Cystoskiope, Meteorismu8 6 
cystoureteric reflux, Blase, Harnrohre, Reflux 487, 

488 

deaths, contrast media reactions, 1'odesfiille, Kontrast
mittelrealctionen 56, 57 

-, pituitary extracts, Todesfiille, Hypophysenextrakte 
7 

-, multiple tannic acid enemas, Todesfiille, mehrere 
Tannin-Einliiufe 6 

-, retroperitoneal pneumography, Todesfiille, retro
peritoneale Pneumographie 20 

dehydration, preparation for urologic examination, 
Flussig7ceitsentzug, Vorbereitung zur urologischen 
Unter8uchung 7 

densitometry, renal angiography, Densitometrie, Nie
renangiographie 84 

density, relative, renal calculi, Dichte, relative, Nieren
steine 132 

dentritic, ampullary kidney pelvis, Dentriti8ches, 
arnpulliires Nierenbeclcen 31 

dermoid cyst, ovarian, pregnancy, DermoidcY8te, Ova
rium, Schu"angerschaft 338 

desensibilization, reactions induced by contrast media, 
Dcsensibilisierung, Kontrastmittelrea7ctionen 57 

development, concrement, from roentgenologic point 
of view, Entwic7clung, Konlcremente, vom rontge
nologischen Standpun7ct 128 

-, defective, kidney, Entwic7clung, fehlerhafte, Niere 
93 



648 Subject Index 

development, ectopia, of ureteric orifice, Entwicklung 
Ektopie des Uretenostium 114 

-, malrotation of kidney, Entwicklung, Drehungsano
malien der N iere 97 

-, renal calculi, Entwicklung, Nierensteine 123 
-, retro-caval ureter, Entwicklung, retro-cavaler Ure-

ter 112 
diabetes, calcification of vasa deferentia, Diabetes, 

Verkalkung der Vasa deferentia 436 
-, papillary necrosis, Diabetes, Papillennekrose 371 
-, renal failure after urography, Diabetes, Nierenver-

sagen nach U rographie 55 
diagnosis, preoperative, renal carcinoma, Diagnose, 

priioperative, Nierencarcinom 205 
diastole, systole, pelviureteric junction, Diastole, Sy

stole, Nierenbeckenabgang, Ureter 34, 58 
differential diagnosis, back flow phenomenon, Diffe

rentialdiagnose, RuckfluJ3phenomen 410, 412 
-, benign renal tumors, Differentialdiagnose, gutartige 

N ierentumoren 203 
-, blind, ureter, ureteric diverticulum, Differential

diagnose, blind endender Ureter, Ureterdivertikel 
90 

-, calcifications, urinary tract, Differentialdiagnose, 
Verkalkungen, Harnwege 17 

-, cholelithiasis, urolithiasis, Differentialdiagnose, 
Cholelithiasis, Urolithiasis 155 

-, double kidney, double renal pelvis, Differential
diagnose, doppelte N iere, doppeltes N ierenbecken 88 

-, expansive lesions of kidney, Differentialdiagnose, 
eypansive Prozesse der Niere 205, 207 

-, extrarenal lesions, Differentialdiagnose, extrarenale 
Prozesse 207 

-, hydronephrosis, Differentialdiagnose, Hydronephro
phrose 309 

-, intra-, extraperitoneal masses, Differentialdiagnose 
intra-, extraperitoneale Tumoren 13 

-, nephrocalcinosis, Differentialdiagnose, N ephro
calcinose 172 

-, phlebolite, ureteric stone, Differentialdiagnose, 
Phlebolite, U reterstein 17 

-, prostatic calcifications, Differentialdiagnose, 
Prostatasteine 17 

-, renal abscess, Differentialdiagnose, NierenxbsceJ3 
390 

-, renal carcinoma, Differentialdiagnose, Nierencar
cinom 210-212 

-, renal cyst, carcinoma, Differentialdiagnose, Nie
rencyste, Carcinom 232 

-, renal hypoplasia, Differentialdiagnose, Nierenhypo
plasie 95 

-, renal stones, Differentialdiagnose, Nierenstein 138 
-, renal tuberculosis, Differentialdiagnose, Nieren-

tuberkulose 253 
-, renal tumor, anomalies, Differentialdiagnose, 

Nierentumor, Anomalien III 
-, renal injury, Differentialdiagnose, Nierenverletzung 

295 
-, renal, ureteric stones, Differentialdiagnose, Nieren

Uretersteine 133 
-, ren mobile, ectopia, Differentialdiagnose, Ren mo

bile, Ectopie 100 
-, retroperitoneal lesions, Differentialdiagnose, retro

peritoneale Prozesse 207 

differential diagnosis, shrinkage of kidney, Differen
tialdiagnose, Nierenschrumpfung 95 

-, small kidney, Differentialdiagnose, kleine Niere 
95 

-, ureterocele, Differentialdiagnose, Ureterocele 421 
dilatation, ureturic, tumor, Dilatation, Ureter, Tumor 

221 
-, urinary tract, causes, Dilatation, Harntract, Ur

sachen 308, 329, 333 
diodone, structural formula, Diodone, Strukturformel 

44 
diodrast, mechanism of excretion, Diodrast, Ausschei

dungsmechanismus 48 
disappearance, renal, ureteric calculi, Verschwinden, 

Nieren-, Uretersteine 134 
displacement, kidney, ptosis, Verlagerung, Niere, 

Ptose 13 
disseminated hamartosis, kidney, differential dia

gnosis, Disseminierte Hamartose, N iere, Differential
diagnose 203 

diuretic effect, contrast media, Diuretische W irkung, 
Kontrastmittel 48 

diverticula, urethra, Divertikel, Urethra 477 
-, urinary bladder, Divertikel, Harnblase 446 
dose, genetically significant, Dosis, genetisch signi

fikante 4 
-, gonads, background radiation, Dosis, Gonaden, 

Untergrundstrahlung 4 
dose rate dependent, chromosomal aberrations, Dosis

abhiingige Chromosomenaberrationen 4 
double contrast cystography, Doppelkontrast-Cysto

graphie 443 
double kidney, concrements, Doppelniere, Konkre

mente 119 
-, heminephrectomy, Doppelniere, Heminephrektomie 

430 
-, pyelonephritis, Doppelniere, Pyelonephritis 367, 

368 
-, reflux from urethra into ureter, Doppelniere, Re

flux Harnrohre - Harnleiter 491 
double renal pelvis, urography, DoppeUes Nierenbecken 

Urographie 87 
double urethra, Doppelte Urethra 476 
drugs, reduction of intestinal gas, M edikamente, 

Verminderung der Darmgase 7 
ductus ejaculatorii, urethrocystography, Ductus eia

culatioru, U rethricystographie 440 
dye-dilution technique, renal physiology, Farbstoff

Verdunnungsmethode, Nierenphysiologie 81 
dysfunction, of transplanted kidney, Dysfunktion, 

N ierentransplantat 417 
dystopia, of kidney, thoracic, Dystopie, Niere, in den 

Thorax 102, 103 
-, renal, Dystopia, Niere 100 
-, -, crossed, Dystopie, Niere, gekreuzte 102 

early diagnosis, pyelonephritis, Fruhdiagnose, Pyelo-
nephritis 360 

ectopia, renal, Ektopie, Niere 100 
-, ureric orifice, Ektopie, Ureterenostium 88, 114 
edema, kidney, plain radiography, (jdem, Niere, Leer-

aufnahme 11 
-, perirenal, after surgery, (jdem, perirenales, nach 

Operation 148 
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edema, pulmonary, (jdem, Lunge 346, 348 
-, renal parenchyma, (jdem, Nierenparenchym 345 
emboli, renal artery, Emboli, Nierenarterie 277 
embolisation, renal angiography, Embolie, Nieren-

arteriographie 72 
embryoblastoma, Embryoblastom 198 
emphysematous cystitis, EmphysematOse Cystitis 451 
endometriosis, ureteric, Endometriose, Ureter 423 
enema, preparation of urologic examination, Einlauf, 

Vorbereitung, urologische Untersuchung 6, 7 
enlargement, kidney, Vergroj3erung, Niere 350 
enlargement of liver, displacement of kidney, Leber

vergroj3erung, Nierenverlagerung 12 
enterocolitis, regional, perirenal abscess, Enterocolitis, 

regionale, perirenaler Abscej3 382 
enuresis, Enuresis 469 
enviromental factors, mutations, Umweltfaktoren, Mu

tationen 4 
eosinophilic granuloma, of kidney, Eosines Granulom, 

Niere 205 
epinephrin, pharmacoangiography of kidney, Epi

nephrin, Pharmakoangiographie der Niere 83 
epispadia, Epispadie 476 
equipment, urologic roentgen-diagnosis, Einrichtung, 

urologische Rontgendiagnose 3 
etiology, concrements of urinary tract, Atologie, 

Konkremente der ableitenden Harnwege 128 
-, urinary calculi, Atiologie, Harnsteine lIG 
evaginations, renal calyces, Ausstiilpungen, Nieren

kelche 91 
examination tables, protective arrangements, Unter

suchungstische, Schutzeinrichtungen 5 
examination technique, urography, Untersuchungs

technik, Urographie 57 
examination methods, pyelography, Untersuchungs

methoden, Pyelography 26 
-, technique, Untersuchungsmethoden, Technik 8 
excretion, contrast medium, urography, Ausschei

dung, Kontrastmittel, Urographie 48 
-, -, heterotopic, Ausscheidung, Kontrastmittel, Uro

graphie, heterotope 50 
excretory urogram, technique, Ausscheidungsuro

gramm, Technik 58 
expansive lesions, differential diagnosis, Expansive 

Prozesse, Differentialdiagnose 205, 207 
extraperitoneal pneumography, indications, Extra

peritoneale Pneumographie, Indikationen 18, 19 
extraperitoneal space, filling with contrast medium, 

Extraperitonealer Raum, Kontrastmittelfiillung 
463 

extrarenal processes, plain radiography, Extrarenale 
Prozesse, Leerlaufnahme 12 

extrarenal calcifications, differential diagnosis, Extra
renale Verkalkungen, Differentialdiagnose 17 

extrarenal lesions, differential diagnosis, Extrarenale 
Prozesse, Di fferentialdiagnose 207 

extravasate, contrast medium, renal calyces, Extra
vasat, Kontrastmittel, Nierenkelche 407, 403 

extravasation, contrast urine, expansive process, 
Extravasat, Kontrasturien, expansiver Prozej3 409 

false passage, usethra, Falsche Passage, U sethra 484 
Fanconi's syndrome, urography, myeloma, Fanconi

Syndrom, U rographie, M yelom 55 
fatty capsule, kidney, Fettkapsel, Niere 8, 21 

female patients, roentgen examination, Weibliche 
Patienten, Rontgenuntersuchung 4 

fibrolipomatose, chronic reflux, Fibrolipomatose, 
chronischer Reflux 410, 411 

fibrolipomatosis, of kidney, Fibrolipomatose, Niere 
372-374 

fibroma, of kidney, Fibrom, Niere 202 
fibromuscular hyperplasia, renal artery, Fibromus

kulare Hyperplasie, Nierenarterie 265 
fibroplasia, renal vessels, Fibroplasie, N ierengefiij3e 

259,263 
fibrosis, retroperitoneal, Fibrose, retroperitoneale 42G 
film changer for film rolls, renal angiography, Roll

filmwechsler, Nierenangiographie 3 
film changer for film sheets, renal angiography, 

Blattfilmwechsler, Nierenangiographie 3 
filling defects, contrast medium, renal stone, Fiillungs

defekte, Kontrastmittel, N ierenstein 137 
-, pelvi-ureteric junction, Fiillungsdefekt, Nieren

becken-H arnleiteriibergang 27 
-, renal pelvis, cyst, Fiillungsdefekt, Nierenbecken, Cy

ste 230 
-, -, Fiillungsdefekte, Nierenbecken 38 
-, -, tumors, Fiillungsdefekte, Nierenbecken, J.'umo-

ren 213 
-, urinary, pathways, differential diagnosis, Fiillungs

defekte, Harnwege, Differentialdiagnose 138 
filtration, glomerular, estimation, Filtration, glo

merulare, Bestimmung 82 
fingers, renal osteodystrophy, Finger, renale Osteo

dystrophie 175 
fistula, arteriovenous, after biopsy, nephrectomy, 

Fistel, arteriovenose, na,ch Nierenbiopsie, Nephrek
tomie 273, 274 

-, bladder-rectum, Fistel, Bla,se-Rektum 465 
-, perirenal abscess, Fistel, perirenaler Abscej3 381 
-, renal carbuncle, Fistel, Nierenlca,rbunlcel 387 
-, ureteric, Fistel, Ureter 430, 431 
-, ureter-smal bowel, Fistel, Ureter-Diinndarm 28 
fistulae, arteriovenosis, Fisteln, arteriovenose 271 
-, of bladder, Fisteln, Harnblase 469 
fistula formation, gas in the urinary tract, Fistel

bildung, Gas im Harntrakt 390 
fistulation, digestive tract, urinary pathways, Fistel

bildung, Verdauungs-, Harntrakt 138 
fistulography, perisenal abscess, Fisteldxrstellung, peri

renaler Abscej3 383 
flow studies, renal angiography, Stromungsgeschwindig

keit, Untersuchung der, Nierenxngiographie 81 
fluoroscopy, frequency, gonad dose, Durchleuchtung, 

Hiiufigkeit, Gonxdendosis 4 
-, hazards, Durchleuchtung, Gefahren 26 
-, use as seldom as possible, Durchleuchtung, mog-

lichst sparsxme Anwendung 4, 26 
fluoroscopic control, pyelography, Durchleuchtungs

kontrolle, Pyelographie 3, 24, 2G 
focus-film distance, plain radiography, urinary tract, 

Fokus-Filmabsta,nd, Leeraufna,hme, Harntrakt 8 
follow-up examinations, renal tuberculosis, Nach

untersuchungen, Nierentuberkulose 256 
foreign body, urethra, Fremdkorper, Urethra 487 
fornix, rupture, reflux, Fornix, Ruptur, Reflux 

399 
fractures, lumbar spine, urolithiasis, Frakturen, Len

denwirbelsiiule, Steinkrankheit 127 
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frequency, multiple renal arteries, Hdufig7ceit, multiple 
Nierenarterien 108 

-, reflux, Hdufig7ceit, Reflux 403 
-, renal dystopia, Hdufig7ceit, Nierendystopie 102, 

103 
-, renal stones, Hdufig7ceit, Nierensteine 115 
frequency of exposures, angiography, Aufnahmefre

quenz Angiographie 3 
fusion, of kidneys, Fusion, Nieren 104 

gallstones, calcifications in the urinary tract, Gallen
steine, Ver7cal7cungen im H arntra7ct 17 

gas, urinary tract, Gas, Harntra7ct 390-393 
gas embolism, retroperitoneal pneumography, Gas

embolie, retroperitoneale Pneumographie 20 
gas formation, renal pelvis, Gasbildung, Nierenbec7cen 

138 
gas pyelogram, spontaneous, Gaspyelogramm, spon

tanes 390 
gas pyelography, Gas-Pyelographie 25 
genetically significant dose, per person, per year, 

Genetisch signifi7cante Dosis, pro Person, pro Jahr 
4 

glomerular filtration, estimation, Glomeruldre Filtra
tion, Bestimmung 82 

glomeruli, ultrafiltration, Glomeruli, Ultrafiltration 
48 

glomerulonephritis, Glomerulonephritis 351-353 
glomerulonephritis, nephrocalcinosis, Glomerulonephri

tis N ephrocalcinose 174 
-, pulmonary edema, Glomerulonephritis, Lungen

adem 349 
-, renal transplantation, Glomerulonephritis, Nieren

transplantation 417 
-, urography, myeloma, Glomerulonephritis, Uro

graphie, Myelom 55 
gonads, dose, background radiation, Gonaden, Dosis, 

U ntergrundstrahlung 4 
-, -, very great variations, Gonaden, Dosis, groj3e 

U nterschiede 4 
-, protection against radiation, Gonaden, Schutz gegen 

Strahlen 4 
-, protection, lead rubber, Gonaden, Schutz, Blei

gummi 5 
Goodpasture's syndrome, Goodpasture-Syndrom 348 
granulomas, thorium dioxide, Granulome, Thorium

dioxid 24 
Grawitz' tumor, hypernephroma, Grawitz-Tumor, 

Hypernephrom 176 

hamartoma, of kidney, Hamartom, Niere 200 
hazards, of fluoroscopy, Gefahren, Durchleuchtung 26 
-, retroperitoneal pneumography, Gefahren, retro-

peritoneale Pneumographie 20 
hamangioma, of kidney, Hamangiom, Niere 

272 
-, -, Hdmangiom, Niere 204 
healing, papillary necrosis, Heilung, Papillenne7crose 

371 
-, renal rupture, Heilung, Nierenruptur 302 
helium, contrast medium, retroperitoneal pneumo

graphy, hazards, Helium, Kontrastmittel, retroperi
toneale Pneumographie, Gefahren 19 

hematoma, perirenal, Hdmatom, perirenales, 289, 
295, 307 

hematoma, perirenal, retroperitoneal pneumography, 
Hdmatom, perirenales, retroperitoneale Pneumo
graphie 20 

-, retroperitoneal, renal rupture, Hdmatom, retro
peritoneales, Nierenruptur 292 

hematuria, bladder carcinoma, H dmaturie, H arnblasen
carcinom 454 

-, blind ureter, Hdmaturie, blind endender Ureter 
89 

-, hemophilia, Hamaturie, Hamophilie 286 
-, hemangioma of kidney, Hdmaturie, Hamangiom 

der Niere 272 
-, renal rupture, Hamaturie, Nierenruptur 291 
-, roentgen exemination, Hdmaturie, Rantgenunter-

suchung 286 
-, tumors of renal pelvis, Hdmaturie, Nierenbec7cen

tumoren 215 
-, ureteric stone, Hdmaturie, Ureterstein 164 
heminephrectomy, double kidney, Heminephrelctomie 

Doppelniere 430 
hemiplegia, retroperitoneal pneumography, Halb

seitenldhmung, retroperitoneale Pneumographie 
20 

hemodialysis, diagnostic problems, Hdmodialyse, 
diagnostische Probleme 378 

hemophilia, spontaneous perirenal hematoma, Hdmo
philie, spontanes periren~les Hamatom 307 

heterotopic excretion of contrast media, Heterotope 
Kontrastmittelausscheiclung, Urographie 50-52 

high voltage technique, retroperitoneal pneumography 
Hochvolt-Techni7c, retroperitone~le Pneumographie 
19 

-, urologic roentgen diagnosis, Hochvolt-Techni7c, 
urologische Rantgenuntersuchung 3 

histologic changes, renal damage, contrast media, 
H istologische Veranderungen, N ierenschddigung, 
Kontrastmittel 69 

horseshoe kidney, stones, Hufeisenniere, Steine 
120 

-, urography, Hufeisenniere, Urographie 104, 105 
hyaluronidase, increase the rate of absorption, 

Hyaluronidase, Beschleunigung der Kontrastmittel
resorption 53 

hydatid cysts, of kidney, Echinococcus-Cysten, Niere 
233 

hydronephrosis, and renal vessels, Hyclronephrose, 
und Nierengefdj3e 328 

-, caused by supplementary renal vein, Hydronephrose 
durch zusdtzliche Nierenvene 325 

-, carcinoma of renal pelvis, Hydronephrose, Nieren
bec7cencarcinom 219 

-, causes, Hydronephrose, Urs~chen 309, 329 
-, compensated, acute manifest, Hydronephrose, lwm-

pensierte, a7cut manifeste 311 
-, intermittend, Hydronephrosc, intermittierende 

316, 317 
-, pyelography, Hyclronephrose, Pyelographie 42 
-, renal angiography, Hydronephrose, Nierenangio-

graphie 319-329 
-, renal stones, Hydronephrose, Nierensteine 141 
-, thrombosis of renal vein, Hydronephrose, Throm-

bose der N ierenvene 282 
hypaque, protein-binding capacity, Hypaque, Protein

Bindungs7capazitdt 51 
-, structural formula, Hyp~que, Stru7cturforrnel 45 
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hypercalcemia, nephrocalcinosis, Hypercalcamie, 
N ephrocalcinose 174 

-, renal insufficiency, Hypercalcamie, N iereninsuffizi
enz 128 

hypernephroma, "Grawitz' tumor", Hypernephrom, 
"Grawitz-Tumor" 176 

hyperparathyroidism, nephrocalcinosis, H yperthreoi
dismus, N ephrocalcinose 173 

-, theory of renal calculi formation, Hyperpara
thyreoidismus, Theorie der Nierensteinentstehung 
128 

hyperplasia, fibromuscular, renal artery, Hyperplasie, 
fibromuskulare, Nierenarterie 265 

-, supra renal gland, Hyperplasie, Nebenniere 22 
hypersensitivity, contrast medium, Vberempfindlich

keit, Kontrastmittel 42, 55, 56 
hypertension, renal, angiography, Hochdruck, renaler, 

Angiographie 264 
hypoplasia, of kidney, differential diagnosis, Hypo

plasie, N iere, Di tJerentialdiagnose 95 
-. renal parenchyma, Hypoplasie, Nierenparenchym 

95 
-, supra renal gland, Hypoplasie, Nebenniere 22 
hypospedia, renal anomalies, Hypospadie, Nieren

anomalien 111 

"iatrogenic" trauma, pyelolithotomy, "Iatrogenes" 
Trauma, Pyelolithotomie 296 

image intensifying fluoroscopy, urethrocystography, 
Bildver starkerdurchleuchtung, U rethrocystographie 
435 

image intensifier, pyeloscopy, Bildverstarker, Pyelo
sleopie 26 
-, renal angiography, Bildwandler, Nierenangio

graphie 3 
image intensifier-TV set-up, radiation protection, 

Bildverstarker, Fernseheinrichtung, Strahlenschutz 
5 

implantation metastases, ureter, Implantationsmetx
stasen, Ureter 192 

incrustations, renal calyces, Inlerustationen, Nieren
leelche 128 

indications, examination of urinary tract, Indikationen 
Untersuchung des Harntraletes 4 

indication, pyolography, children, Indikation, Pyelo
graphie bei K indern 333 

-, renal angiography, trauma, Indileation, Nieren
angiographie, Verletzung 299, 306 

-, roentgen examination, perinephritis, Indileation, 
Rontgenuntersuchung, Perinephritis 379 

-, urography, renal injury, Indikation, Urographie, 
Nierenverletzung 287 

indirect roentgen findings, perirenal abscess, I ndirekte 
Rontgenbefunde,perirenaler Abscej3 384 

infarction, renal, I nfarlet, N iere 277 
infection, urinary bladder, Infeletion, Harnblase 449 
information, of patient, urologic examination, In-

formation, Patient, urologische Untersuchung 6 
infusion urography, technique, Infusions- Urogra

phie, Technik 62 
injury, kidney, ureter, Verletzung, Niere, Ureter 

287-308 
-, see trauma, Verletzung, siehe Trauma 
intermittend hydronephrosis, Intermittierende Hy

dronephrose 316, 317 

Internatinoal Commission on Radiation Protection, 
Interna,tionale Kommission tur Strahlenschutz 3 

intestinal gas, reduction, drugs, Darmgase, Verminde
rung, Medileamente 7 

-, reduction, urologic examination, Darmgas, Reduk
tion, urologische Untersuchung 6 

intoxication, tubular nephritis, Intoxileation, tubulare 
Nephritis 353 

intra-, extraperitoneal masses, differential diagnosis 
Intra-, extraperitoneale Tumoren, DitJerential
diagnose 13 

intrarenal kidney pelvis, urography, Intrarenales 
Nierenbecken, Urographie 98, 99 

intrarenal segmental arteries, anatomy, I ntrarenale Seg
mentarterien, Ana,tomie 74 

intrathoracic kidney, urography, "Thoraxniere", 
Urographie 102, 103 

"iodide mumps", induced by contrast medium, "J odid
mumps", Kontrastmittelrealetion 56 

iodopyracet, structural formula, Jodopyracet, Struk
turformel 44 

ischemia, renal angiography, Ischamie, Nierenangio
graphie 72 

jet effect, ureteric effect, Jet-EtJelet, Ureteren ostium 
61 

kidney, arterial supply, variations, Niere, Arterielle 
Versorgung, Varianten 76 

-, arteriovenous aneurysm, Niere, arteriovenoses 
Aneurysmct 271 

-, atrophy due to ureteric obstruction, Niere, Ato-
phie durch U reterobstruktion 170 

-, benign tumors, Niere, gutartige Tumoren 200-209 
-, carcinoma, N iere, Carcinom 177-196 
-, cyst with carcinoma, Niere, Cyste mit Carcinom 

231 
-, distance from psoas muscle, Niere, Abstand vom 

Psoas 10 
-, double, Niere, doppelte 88 
-, -, angiography, Niere, doppelte, Angiographie 

111 
-, -, concrements, Niere, doppelte, Konkremente 

119 
-, -, blind ureter, Niere, doppelte, blind endender 

Ureter 89 
-, -, ectopia of ureteric orifice, Niere, doppelte, Ekto

pie des Ureterenostium 114 
-, -, heminephrectomy,N iere, doppelte,H eminephrele

tomie 430 
-, -, "introgenic" trauma, Niere, doppelte, "intro

genes" Trauma, 296 
-, -, pyelonephritis, N iere, doppelte, Pyelonephritis 

367 
-, -, reflux, from urethra into the ureter, Niere, 

doppelte, Reflux Harnrohre, Hamleiter 491 
-, -, renal colic, Niere, doppelte, Kolik 156 
-, ectopia, Niere, Ektopie 100 
-, enlargement, hematoma, Niere, Vergroj3erung, 

Hamatom 289 
-, extrarenal processes, Niere, extrarenale Prozesse 

12 
-, fatty capsule, Niere, Fettkapsel 8, 21 
-, fibrolipomatosis, Niere, Fibrolipomatose 372 
-, hamartoma, Niere, Hamartorn 200 
-, hemodialysis, Niere, Hamodialyse 378 
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kidney, horseshoe, Niere, Hufeisen 104 
-, injuries, Niere, Verletzungen 287-308 
-, lipomatosis, Niere, Lipomatose 202, 203, 372 
-, malignant tumors, Niere, bOsartige Tumoren 

176-199 
-, malrotation, Niere, Drehungsanomalien 97 
-, mobile, Niere, Wander-, 265 
-, multicystic, schema, Nierendegeneration, poly-

cystische, Schema 94 
-, multiple tumors, Niere, multiple Tumoren 193 
-, mycosis, Niere, Pilzerkrankung 377 
-, normal position, Niere, normale Lage 9 
-, normal shape, variations, Niere, normale Form, 

Varianten 14 
-, pharmacoangiography, Niere, Pharmakoangio

graphie 83 
-, phenacetin abuse, shrinkage, Niere, Phenacetin-

Abusus, Schrumpfung 366 
-, phlebographic, Niere, Venographie 83 
-, plain radiography, Niere, Leeraufnahme 7 
-, pole, tubular reflux, Nieren, Pol, tubularer Reflux 

398 
-, polycystic disease, Niere, polycystische Degenera

tion 223, 233-238 
-, position, roentgen anatomy, Niere, Lage, Rontgen

anatomie 33 
-, primary vascular changes, Niere, primare GefafJ-

veranderungen 259 
-, ptose, Niere, Ptose 13 
-, roentgendiagnosis, Niere, Rontgendiagnose 1 
-, rotation, in prone and upright position, Niere, 

Drehung, im Liegen und Stehen 12 
-, secretory pressure, Niere, Sekretionsdruck 49 
-, "silent", urography, angiography, Niere, "stumme" 

Urographie, Angiographie 170 
-, small, differential diagnosis, Niere, kleine, Dif

ferentialdiagnose 95 
-, solitary, retro-caval ureter, Niere, solitaer, retro

cavaler Ureter 112 
-, subcapsular bleeding, Niere, subkapsuliire Blutung 

307 
-, surgically exposed, roentgen examination, Niere, 

freigelegte, Rontgenuntersuchung 22 
-, symptoms of stasis, Niere, Symtome der Stase 

156 
-, varices, Niere, Varicen 283 
-, vascular pedicle, Niere, GefafJstiel 11 
kidneys, gas, projection over, Nieren, Gasiiberlage

rung 7 
-, mobility, normal, Nieren, Beweglichkeit, normale 

10,11 
-, roentgenologic volume, Nieren, rontgenologisches 

Volumen 16 
-, thickness, classification, Nieren, Dicke, Klassi

(izierung 14 
kidney-size, decrease, shock, fall of blood pressure, 

NierengrofJe, Abnahme, Schock, Blutdruckabfall 16 
-, normal values, NierengrofJe, normale Werte 14, 

15 
kindney-weight, 

N ormalwerte 
normal 

15 
values, N ierengewicht, 

Klinefelter's syndrome, urolithiasis, Klinefelter-Syn
dron, Steinkrankheit 127 

KV, elevation, reduction of radiation dose, K V, Er
hOhung, Beschrankung der Strahlendosis 5 

kymography, renal pelvis, ureter, Kymographie, 
N ierenbecken, Ureter 27 

-, ureteric peristalsis, Kymographie, Harnleiterperi
staltik 37 

large bowel, carcinoma, displacement of ureter, 
Dickdarm, Carcinom, Ureterverlagerung 218 

-, heterotopic excretion of contrast medium, Dick
darm, heterotope Kontrastmittelausscheidung 53 

late results, renal carcinoma, Spatergebnisse, N ieren
carcinom 205, 206 

lateral projection, urography, intra- and extraperi
toneal masses, Seitliche Aufnahme, Urographie, 

intra- und extraperitoneale Tumoren 13 
laxative, preparation of urologic examination, Ab

fiihrmittel, Vorbereitung, urologische U ntersuchung 
6 

layer formation, contrast medium, renal pelvis, 
Schichtbildung, Kontrastmittel, Nierenbecken 27, 
311 

LD5o, toxicity, of contrast media, LD50, Kontrast 
mittel, Toxizitat 47 

lead gloves, radiation protection, Bleihandschuhe 
Strahlenschutz 5 

lead rubber, gonad protection, Bleigummi, Gonaden
schutz 5 

leiomyoma, renal pelvis, Leiomyom, Nierenbecken 
213 

leukoplakia, renal pelvis, Leukoplakie, N ierenbecken 
212 

-, urinary tract, Leukoplakie, Harntrakt 428 
light-beam localiser, radiation protection, Lichtvisier, 

Strahlenschutz 5 
Lindau - von Hippel's syndrome, Lindau - von 

Hippel-Syndrom 204 
Lipiodol, injection, renal cyst, Lipiodol, Injektion, 

N ierencyste 225 
lipomatosis, renal, Lipomatose, Niere 202, 203, 372 
liver carcinoma, metastasized into the renal pelvis, 

Lebercarcinom, metastasierend in dxs Nierenbecken 
213 

local hypoplasia, renal, Lokale Hypoplasie, Niere 97 
longitudinal axis, of kidney, normal position, Langs

achse, Niere, normale Lage 9, 10 
lumbar spine, fractures, urolithiasis, Lendenwirbelsaule, 

Frakturen, Steinkrankheit 127 
-, normal position of kidneys, Lendenwirbelsaule, nor

male N ierenlage 9 
lymph nodes, metastases, displacement, of ureter, 

Lymphknoten, Metastasen, Ureterverlagerung 38, 
218 

lymphatic cysts, renal hilum, Lymphatische Cysten, 
Nierenhilus 232 

lymphatic vessels, filling with contrast medium, pyelo
graphy, LympgefafJe, Kontrastmittelfiillung, Pyelo
graphie 401 

lymphogranulomatosis, ureteric involvement, 
Lymphogranulomatose, Ureter 218 

lymphography, displacement of ureter by enlarged 
lymph nodes, Lymphographie, Ureterverlagerung, 
LympfknotenvergrofJerung 38, 218 

malformations, of kidney, arterial supply, MifJbildun
gen, Niere, arterielle Versorgung 77 

-, see anomaly, MifJbildung, siehe Anomalie 
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maligne metaplasia, thorium dioxide, Maligne Meta
plasie, Thoriumdioxyd 24 

malrotation, of kidney, Drehungsanomalien, Niere 
97-99 

-, -, stones, Drehungsanomalie, Niere, Steine 121 
-, renal, angiography, Drehungsanomalien, Niere, 

Angiographie III 
mandelic acid, renal concrements, Mandelsiiure, Nie

renkonkremente 127 
MaS-product, reduction of radiation dose, MaS

Produkt, Reduktion der Strahlendosis 5 
mature sperm, frequency of chromosomal aberra

tions, Reifes Sperma, Hiiufigkeit von Ghromoso
menaberrationen 4 

mechanism, excretion of contrast media, urography, 
M echanismus, Kontrastmittelau88cheidung, Uro
graphie 48 

medial dystopia, renal, fusion, mediale DY8topie, 
Niere, Fusion 102, 104 

mediastinal emphysema, retroperitoneal pneumo
gra phy, M edia8tinalemphysem, retroperitoneale 
Pneumographie 21 

megaureter, Megaureter 340, 341 
men, kidney, mobility, Miinner, Nierenbeweglichkeit 

11 
-, -, -size, Miinner, Nierengrofie 15 
-, small kidney, differential diagnosis, Miinner, 

kleine Niere, Differentialdiagno8e 95 
menstruation period, roentgen examination, M enstrua

tionsperiode, Rontgenuntersuchung 4 
metabolic diseases, urolithiasis, Stoffwechselkrank

heiten, Steinkrankheit 126 
metal fragments, locating within the kidney, Metall

stucke, Lokalisation in der N iere 11 
metastases, cerebral, renal carcinoma, Metastasen, 

Gehirn, Nierencarcinom 189 
-, implantation, ureter, Metastasen, Implantations-, 

Ureter 192 
-, liver carcinoma, renal pelvis, Metastasen, Leber

carcinom, Nierenbecken 213 
-, renal carcinoma, Metastasen, Nierencarcinom 199 
-, -, disappearing after nephrectomy, Metastasen, 

N ierencarcinom, Verschwinden nach N ephrekto
mie 179 

-, renal tumors, Metastasen, Nierentumoren 176 
-, retroperitoneal, displacement of ureter, M etasta-

sen, retroperitoneale, Verlagerung des Ureter 
218 

-, -, reflux of contrast medium, Metastasen, retro
peritoneale, Kontrastmittelreflux 413 

-, Wilms' tumor, Metastasen, Wilms-Tumor 197 
-, renal carcinoma, differential diagnosis, Meta-

stasen, Nierencarcinom, Differentialdiagno8e 211 
meteorism, pyelography, M eteorismus, Pyelographie 

6 
method, dye dilution, renal physiology, M ethodik, 

Farbstoff- Verdunnung, Nierenphysiologie 81 
-, percutaneous catheterization, of SELDINGER, 

Methodik, perkutane Katheterisierung, SELDIN
GER 65 

-, pyelography, Methodik, Pyelographie 26 
-, renal angiography, carcinoma, Methodik, Nieren-

angiographie, Garcinom 190 
-, renal phlebography, Methodik, Nierenvenographie 

83, 84 

43 Handbuch der med. ltadiologie, Bd. XIII/l 

methods, roentgen examination, distal urinary tract, 
M ethodik, Rontgenuntersuchung, distaler Harntrakt 
433 

microangiography, radiation nephritis, Mikroangio
graphie, Strahlennephritis 374 

microcalyx, stone formation, Mikrokelch, Steinbil
dung 131 

micro-enema, preparation, urologic examination, 
Kleinsteinlauf, Vorbereitung, urologische Unter
suchung 6 

mineralogy, renal stones, Mineralogie, Nierensteine 
114 

"mini-urography", evaluation of renal function, 
"M ini- U rographie", Beurteilung der N ierenfunk
tion 50 

miokon, structural formula, Miokon, Strukturformel 
45 

mobile kidney, hyperplasia, renal artery, Ren mobile, 
H yperplasie, N ierenarterie 265 

mobility, kidney, normal, Beweglichkeit, Niere, nor
male 10 

-, renal, in supine and erect position, Beweglichkeit, 
Niere, im Liegen und Stehen 11 

molecular concentration, maximal, contrast media, 
Molekulare Konzentration, maximale, Kontrast
mittel 48 

morphologic information, renal angiography, mor
phologische Information, Nierenangiographie 81 

morphology, information about, urography, Morpho
logie, Information der Urographie 60, 61 

mortality, urography, Mortalitiit, Urographie 56 
multicy~tic kidney, schema, POlYCY8tische Nieren

degeneration, Schema 94 
multiple renal arteries, Multiple Nierenarterien 107 

-111 
-, classification, Multiple Nierenarterien, Einteilung 

78, 79 
multiple ureteric carcinoma, Multiple Uretercarci

nome 221 
multiplicity, renal tumor, Multiplizitiit, Nierentumor 

196 
mutations, environmental factors, Mutationen, Um

weltfaktoren 4 
-, radiogenous, World Health organization, Muta-

tionen, radiogene, Weltgesundheit8organisation 4 
mycosis, renal, Pilzerkrankung, Niere 377 
myeloma, urography, Myelom, Urographie 55 
-, urolithiasis, Myelom, Urolithia8is 126 

narrowing, ureter, incomplete filling, Einengung, 
Ureter, unvollstiindige Fiillung 27 

neo-Jopax, structural formula, Neo-Jopax, Struktur
formel 43 

nephrectomy, arteriovenous fistula after, Nephrekto
mie, a. v. Fi8tel nach 273 

nephrectomy, nephrolithiasis, N ephrektomie, N ieren
steine 115 

-, partial, renal stones, Nephrektomie, partielle, Nie
rensteine 146 

-, patient with only one kidney, Nephrektomie, 
Patient mit nur einer N iere 289 

-, renal carcinoma, Nephrektomie, Nierencarcinom 
205,408 

-, renal tuberculosis, Nephrektomie, Nierentuber
kulose 247 
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nephrectomy, "silent kidney", N ephrektomie, "stumme 
Niere" 170 

-, ureteric stump after, Nephrektomie, Ureterstumpf 
nach 250, 429 

nephritis, radiation, Nephritis, Strahlen- 374 
-, shrinkage of kidney, Nephritis, Nierenschrumpfung 

95 
-, tubular, Nephritis, tubuliire 353 
-, -, nephrocalcinosis, Nephritis, tubuliire, N ephro-

calcinose 174 
-, urography, myeloma, Nephritis, Urographie, My

elom 55 
nephrocalcinosis, differential diagnosis, N ephrocalci

nose, Differentialdiagnose 172, 173 
nephrogram, after renal colic, N ephrogramm, nach 

Nierenkolik 156 
-, arteriovenous aneurysm, Nephrogramm, arterio

venoses Aneurysma 271 
-, during actue renal colic, N ephrogramm, wiihrend 

akuter N ierenkolile 154 
-, fibrolipomatosis, Nephrogramm, Fibrolipomatose 

373 
-, horseshoe kidney, N ephrogramm, Hufeisenniere 

104 
-, hydronephrosis, Nephrogramm, Hydronephrose 

320 
-, method for judging potential renal function, 

N ephrogramm, Beurteilung der N ierenfunletion 
172 

-, pathologic, damage by contrast medium, Nephro
gramm, pathologisches, Kontrastmittelschiidigung 
72 

-, -, small renal arteries, N ephrogramm, patholo
gisches, leleine N ierenarterien II 0 

-, renal abscess, N ephrogramm, N ierenabsc~f3 389 
-, renal carcinoma, Nephrogramm, Nierencarcinom 

188 
-, renal ectopia, Nephrogramm, Niereneletopie 

101 
-, renal hilum, anatomy, Nephrogramm, Nierenhilus, 

Anatomie 39 
-, renal infarction, Nephrogramm, Niereninfarlet 

277 
-, renal transplantation, Nephrogramm, Nierentrans

plantation 415, 419 
-, tuberculosis, N ephrogramm, Tuberleulose 252, 

253 
nephrographic effect, urography, Nephrographischer 

Effelet, Urographie 60 
nephrographic phase, renal arteriography, Nephro

graphische Phase, Nierenarteriographie 80 
nephrolithiasis, Nephrolithiasis 115-176 
-, fibrolipomatosis, Nephrolthiasis, Fibrolipomatose 

374 
-, theory of formation, Nephrolithiasis, Theorie der 

Entstehung 128 
-, vitamin D intoxication, Nephrolithiasis, Vitamin 

D Intoxileation 127 
nephrosis, pyo-, pyelonephrilis, Nephrose, Pyo-, Pyelo

nephritis 359 
nephrotic syndrome, urography, myeloma, Nephro

tisches Syndrom, U rographie, M yelom 55 
nephrotomography, operative indication: Renal car

cinoma, N ephrotomographie, Operationsindileation: 
Nierencarcinom 206 

nephrotomography, renal carcinoma, Nephrotomo
graphie, Nierencarcinom 191 

nephrotoxicity, contrast media, Nephrotoxicitiit, Kon
trastmittel 54 

nephro-ureterotomy, pyelonephritis, 
genration, N ephro- U reterotomie, 
maligne Degeneration 216 

malignant de
Pyelonephritis, 

neurinoma, of kidney, Neurinom, Niere 204 
newborn, absence of renal function, Neugeborenes, 

fehlende N ierenfunletion 95 
nitrogen, as contrast medium, retroperitoneal pneu

mography, Sticlestoff, als Kontrastmittel, retroperi
toneale Pneumographie 18 

nomenclature, anatomy, renal pelvis, Nomenlelatur, 
Anxtomie, Nierenbecleen 29 

-, multiple renal arteries, Nomenlelatur, multiple 
N ierenarterien 108 

non-fatal reactions, retroperitoneal pneumography, 
N icht-todliche Zwischenfiille, retroperitoneale Pneu
mographie 20 

non-opaque stone, urography, Nichtschattengebender 
Stein, Urographie 133, 136, 137 

non-opaque urinary stones, so-called, Rontgennegative 
Harnsteine, sogenannte 125 

normal anatomy, retroperitoneal pneumography, 
Normale Anatomie, retroperitoneale Pneumo
graphie 21 

normal values, kidney, size, weight, Normalwerte, 
NierengrofJe, -Gewicht 14, 15 

-, roentgenologic volume of kidneys, Normalwerte, 
rontgenologischOs V olumen der N ieren 16 

obstetrics, horseshoe kidney, Geburtshilfe, Hufeisen
niere 107 

-, renal dystopia, Geburtshilfe, Nierendystopie 104 
obstruktion, pelviureteric junction, Obstruletion, Nie

renbecleenabgang 308 
-, ureteric, bladder carcinoma, Obstruletion, Ureter, 

Blasencarcinom 331 
-, -, impairment of renal function, Obstruletion, 

Ureter, Schiidigung der Nierenfunletion 166 
occlusion, artery of transplanted kidney, VerschlufJ, 

Nierenarterie, Transplantat 417 
operation, roentgen examination after, for hydro

nephrosis, Operation, Rontgenuntersuchung nach, 
wegen H ydronephrose 326 

operation specimen, arteriovenous aneurysm, Ope
rationspriiparat, arteriovenoses Aneurysma 271 

-, hydronephrosis, renal stones, Operationspriiparat, 
H ydronephrose, N ierensteine 145 

-, renal tuberculosis, Operationspriiparat, Nieren
tuberleulose 243 

-, renal tumor, backflow of contrast medium, 
Operationspriiparat, Nierentumor, Kontrastmittel
riiclefiufJ 408 

operation, urolithiasis, roentgen examination, Ope
ration, Urolithiasis, Rontgenuntersuchung 135 

operative specimen, renal carcinoma, Operationsprii
parat, Nierencarcinom 181, 192 

orthopedic diseases, urolithiasis, Orthopiidische Er
leranleungen, Steinleranleheit 127 

osteodystrophy, renal, Osteodystophie, renale 126, 
175 

osteomyelitis, chronic, urolithiasis, Osteomyelitis, 
chronische, Steinleranleheit 126 
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osteomyelitis, perirenal abscess, Osteomyelitis, peri
renaler Abcej3 385 

ostitis fibrosa cystica generalisata, urolithiasis, Ostitis 
fibrosa cystica generalisata, Urolithiasis 126 

osmotic pressure, contrast media, Osmotischer Druck, 
K ontrastm ittel 48 

oxygen, contrast medium, retroperitoneal pneumo
graphy, Sauerstoff, Kontrastmittel, retroperitoneale 

Pneumographie 19, 20 
-, pyelography, Sauerstoff, Pyelographie 25 

pancreatic carcinoma, ureteric metastases, Pancreas
carcinom, Uretermetastasen 219 

papillary carcinoma, renal pelvis, Pappilares Carci
nom, Nierenbecken 214 

papillary necrosis, Papillennekrose 369-372 
-, calcification, Papillennekrose, Steinbildung 126. 

128 
-, concrements, Papillare N ekrose, Konkremente 119 
-, gas in kidney pelvis, Papillennekrose, Gas im Nie-

renbecken 391 
-, pyelonephritis, Papillennekrose, Pyelonephritis 

357 
-, -, papillary carcinoma, Papillennekrose, Pyelo

nephritis, papilliires Carcinom 215 
-, reflux phenomenon, Papillennekrose, Refluxphano

men 412 
-, stone, Papillennekrose, Stein 144 
-, tumors of renal pelvis, Papillennekrose, Nieren-

becken-Tumoren 212 
papilloma, renal pelvis, Papillom, Nierenbecken 213 
-, ureteric, incipient malignancy, Papillom, Ureter, 

beginnende Entartuny 220 
-, urinary bladder, Papillom, Harnblase 451, 456 
papillomatous tumors, renal pelvis, PapillomatOse 

Tumoren, Nierenbecken 212 
para-amino-hippuric acid, mechanism of excretion, 

Para-amino-H ippursaure, A usscheidungsmechanis
mus 48 

paraplegia, urolithiasis, Paraplegie, Steinkrankheit 
127 

parathormone, calcification of renal pelvis, Para
thormon, Verkalkung, Nierenbecken 127 

parathyroid adenoma, urolithiasis, N ebenschilddriisen
adenom, Steinkrankheit 126 

pars pendulans urethrae, Pars pendulans urethrae 
484 

partial nephrectomy, renal stones, Partielle N ephrek
tomie, N ierensteine 146 

pathologic vasculature, angiomyolipoma, Palholo
gische Gefaj3e, Angiomyolipom 203 

-, renal carcinoma, Pathologische Gefaj3e, Nieren
carcinom 183 

-, ureteric artery, renal pelvis carcinoma, Patholo
gische Gefaj3e, A. ureterica, N ierenbeckencarcinom 
219 

pathology, small kidney, differential diagnosis, Patho
logie, Heine N iere, Differentialdiagnose 95 

patient, preparation, information, Patient, Vorbe
reitung, Information 6 

-, -, urography, Patient, Vorbereitung, Urographie 
52 

pelviureteric junction, diastole, systole, Ureter, Nie
renbecken, Abgang, Diastole, Systole 34 

43* 

pelviureteric junction, pelviureteric junction, layer 
formation of contrast medium, Nierenbecken, 
Abgang, Kontrastmittelschichtung 27 

-, normal anatomy, Confluens, normale Anatomie 
29, 30, 33 

-, see confluens, Nierenbecken, Abgang siehe Con
fluens 

-, stone, Nierenbecken, Abgand, Stein 150 
-, tumor, hydronephrosis, Nierenbecken, Abgang, 

Tumor, Hydronephrose 219 
percutaneous biopsy, kidney, injury, Perkutane Bio

psie, Niere, Verletzung 301 
percutaneous catheterization (SELDINGER's me

thod), Perkutane Katheterisierung (SELDINGER
Methode) 65 

percutaneous puncture, renal pelvis, Perkutane Punk
tion, N ierenbecken 24, 40 

-, renal tumor, cyst, Perkutane Punktion, Nieren
tumor, Cyste 209 

perforation, renal, ureteric stone, Perforation, Nie
ren-, Ureterstein 135 

perinephritis, Perinephritis 378-385 
-, perforation, renal stone, Perinephritis, Perfora

tion, N ierenstein 135 
-, plain radiography, Perinephritis, Leeraufnahme 11 
-, roentgen findings, Perinephritis, Rontgenbefunde 

379 
perirenal edema, after renal surgery, Perirenales 

Odem, nach N ierenoperation 148 
perirenal gas insufflation, technique, indications, 

Perirenale Gas/iillung, Technik, Indikationen 18, 
19 

perirenal hematoma, after injury, Perireneles Hama
tom, nach Verletzung 289,295,307 

-, retroperitoneal pneumography, Perirenales Ha-
matom, retroperitoneale Pneumographie 20 

peristalsis, ureter, Peristalti1c, Ureter 37 
periureteritis obliterans, Periureteritis obliterans 426 
perivesical pneumography, Perivesikale Pneumo-

graphie 443 
pharmacoangiography, of kidney, Pharmacoangio

graphie, Niere 83, 186, 187 
-, renal cysts, Pharmacoxngiographie, N ierencysten 

225 
phenacetin, abuse, tumors of renal pelvis, Phenacetin, 

Abusus, Nierenbeckentumoren 213 
._, shrinkageofkidney, Phenacetin, Abusus, Schrumpf-

niere 366 
phlebography, renal, Venographie, Niere 83 
-, renal carcinoma, Venographie, N ierencarcinom 191 
-, thrombosis of renal vein, Venographie, Thrombose 

der Nierenvene 280 
phlebolithes, differential diagnosis: Ureteric stones, 

Phlebolithen, Differentialdiagnose: U reterstein 
17 

phlebolithes, small pelvis, Phlebolithen, lcleines Becken 
438 

photographic terms, reports, Photographische Begriffe, 
Befunde 2 

physiologic parameters, renal angiography, Physio
logische Parameter, Nierenangiographie 81 

physiology, renal pelvis, urinary pathways, Physio
logie, N ierenbecken, ableitende H arnwege 27 

pituitary extracts, deaths, Hypophysenextrakte, 
Todes f alle 7 
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plain radiography, after ureterolithotomy, Leerauf
nahme, nach Ureterstein-Operation 147 

-, arteriosclerosis, renal vessels, Leeraufnahme, Ar
teriosklerose, Nierengefaj3e 260, 261 

-, calcifications, urinary tract, Leeraufnahme, Ver
kalkungen, H arntrakt 17 

-, differential diagnosis: Renal carciroma, Leerauf
aufnahme, Differentialdiagnose: Nierencarcinom 
205 

-, distal urinary tract, Leeraufnahme, distaler Harn
trakt 433 

-, during renal colic, Leeraufnahme, wahrend einer 
Nierenkolik 149 

-, horseshoe kidney, stones, Leeraufnahme, Hufeisen
niere, Steine 120 

-, kidney, Leeraufnahme, Niere 8 
-, kidney-size, normal values, Leeraufnahme, Nie-

rengroj3e, Normalwerte 14, 15 
-, obstruction of pelviureteric junction, Leerauf

nahme, Verlegung des N ierenbeckenabganges 309 
-, papillary necrosis, Leeraufnahme, Papillennekrose 

369 
-, perinephritis, Leeraufnahme, Perinephritis 380 
-, polycystic disease of kidney, Leeraufnahme, poly-

cystische N ierendegeneration 234 
-, pyelonephritis, Leeraufnahme, Pyelonephritis 

355 
-, pyelogenic cyst, stone formation, Leeraufnehme, 

pyelogene Cyste, Steinbildung 131 
-, reflex anuria, Leeraufnahme, Tefiektorische Anurie 

158 
-, renal calculus, Leeraufnahme, Nierenstein 136, 

144 
-, renal carcinoma, Leeraufnahme, Nierencarcinom 

177 
-, -, differential diagnosis, Leeraufnahme, Nieren-

carcinom, Differentialdiagnose 210 
-, renal cysts, Leeraufnahme, Nierencysten 224 
-, renal edema, Leeraufnahme, Nierenodem 349 
-, renal hypoplasia, Leeraufnahme, Nierenhypo-

plasie 96 
-, renal injury, Leeraufnahme, Nierenverletzung 

289 
--, renal tuberculosis, Leeraufnahme, N ierentuberkulose 

239 
--, retroperitoneal pneumography, Leeraufnahme, 

retroperitoneale Pneumographie 20 
--, tubular ectasia, Leeraufnahme, tubuliire Ektasie 

394 
-, ureterocele, stone, Leeraufnahme, Ureterocele, 

Stein 124 
--, urolithiasis, Leeraufnahme, Steinkrankheit 132-

135 
pneumography, perivesical, Pneumographie, perivesi

kale 443 
pneumoren, retroperitoneal pneumography, "Luft

niere", retroperitoneale Pneumographie 20 
polar nephrectomy, pyelogenic cyst, stone, Polresek

tion, pyelogene Cyste, Stein 131 
-, renal stones, Polresektion, Nierensteine 146 
polyangiitis nodosa, renal artery, Polyangiitis nodosa, 

Nierenarterie 267 
polycystic disease of kidney, Polycystische Nieren

degeneration 223, 233-238 
polyp, urethtra, Polyp, HarnroMe 487 

polypoid tumors, differential diagnosis: Renal stones, 
Polypoide Tumoren, Differentialdiagnose: N ieren
steine 138 

population radiation, reduction, Strahlenbelastung der 
Bevolkerung, Reduktion 4 

position, normal, of kindney, Lage, normale, Niere 9 
-, -, suprarenal gland, Lage, normale, N ebenniere 

22 
postoperative check radiography, urolithiasis, Post

operative Rontgenuntersuchung, Steinkranlcheit 
148 

post mortem angiography, renal carcinoma, Post 
mortem Angiographie, Nierencarcinom 187 

Potter-Bucky grid, urologic roentgen examination, 
Potter-Bucky-Blende, urologische Rontgenunter
suchung 3 

pregnancy, dilatation of urinary tract, Schwanger
schaft, Erweiterung des Harntraktes 334 

pregnant women, roentgen examination, Schwangere 
Frauen, Rontgenuntersuchung 4 

preoperative diagnosis, renal carcinoma, Praoperative 
Diagnose, Nierencarcinom 205 

preparation, urography, Vorbereitung, Urographie 52 
-, urologic examination, Vorbereitung, urologische 

Untersuchung 6 
pressure fluctuations, renal pelvis, Druckschwanlcun

gen, N ierenbeclcen 27 
pressure gradient, renal artery stenosis, Druclcgradient, 

N ierenarterienstenose 285 
principles of examinations, roentgendiagnosis of the 

kidney and the ureter, Untersuchungsgrundlagen, 
Rontgendiagnose der Niere und des Ureter 2, 3 

Pringle's syndrome, adenoma of kidney, Pringle
Syndrom, Adenom der Niere 202 

program selector, renal angiography, Programm
wahler, Nierenangiographie 3 

projection, kidney, plain radiography, Projelction, 
Niere, Leeraufnahme 10 

prone position, position of calyces, confluens and 
ureter, Bauchlage, Lage von Kelchen, Confiuens 
und Ureter 28 

prostate, carcinoma, Prostata, Carcinom 473 
-, postoperative changes, Prostata, postoperative Ver

anderungen 471 
prostatectomia, status post, Prostatelctomie, Status 

post 472 
prostatic abscess, tuberculosis, Prostata, Abscej3, Tu

berlculose 249 
prostatic calcifications, differential diagnosis, Pro

statasteine, Differentialdiagnose 17 
prostatic gland, calcifications, Prostata, Verlcalkungen 

434 
prostatic hyperplasia, Prostatahypertrophie 470 
-, dilatation of urinary tract, Prostatahypertrophie, 

Erweiterung des Harntraktes 334 
-, fibrolipomatosis, Prostatahypertrophie, Fibrolipo

matose 374 
-, renal cysts, Prostatahypertrophie, Nierencysten 

224 
prostatitis, Prostatitis 474 
protective arrangements, examination tables, Schutz

einrichtungen, Untersuchungstische 5 
protein-binding capacity, contrast media, Protein

Bindungslcapazitat, Kontrastmittel 55, 51 
pseudotumors, of kidney, Pseudotumoren, Niere 205 
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psoas muscle, hematoma, renal injury, Psoasmuskel, 
Hamatom, Nierenversetzung 289 

ptosis, kidney, Ptose, Niere 13 
pulmonary edema, uremic, Lungenodem, uramisches 

346, 348 
pulmonary metastases, renal carcinoma, disappear

ing after nephrectomy, Lungenmetastasen, Nieren
carcinom, Verschwinden nxch N ephrektomie 179 

puncture, accidental, renal vein, Punktion, zujallige, 
N ierenvene 84 

-, of kidney, differential diagnosis, Punktion, Niere, 
Differentialdiagnose 211 

-, percutaneous, renal pelvis, Punktion, perlcutane, 
N ierenbeclcen 24, 40 

--, percutaneous, renal tumor, Punktion, perlcutane, 
Nierentumore 209 

-, renal cyst, Punktion, Nierencyste 229, 231 
puncture technique, retroperitoneal pneumography, 

Punlctionstechnilc, retroperitoneale Pneumographie 
19 

putty kidney, tuberculosis, K ittniere, Tuberlculose 245 
pyelitis granularis, renal stone, Pyelitis granulxris, 

Nierenstein 140, 141 
pyelogenic cysts, stone formation, Pyelogene Oyste, 

Steinbildung 131, 133 
-, urography, Pyeclogene Oysten, Urographie 91, 92 
pyelogram, gas-, spontaneous, Pyelogramm, Gas-, 

spontanes 390 
pyelography, examination of ureter, Pyelographie, 

Darstellung des Ureter 26 
-, roentgen anatomy, Pyelographie, Rontgenanatomie 

29 
--, after pyelostomy, anuria after ligation of the 

ureters, Pyelographie, nxch Pyelostomie, Anurie 
nach Ureterenunterbindung 330 

-, after ureterolithotomy, Pyelographie, nach Ureter
stein-Operation 147 

-, antegrade, pyelolithotomy, Pyelographie, ante
grade, Pyelolithotomie 380 

-, arteriovenous aneurysm, Pyelographie, arterio
venoses Aneurysma 271 

-, back flow phenomenon, Pyelographie, RuclcflujJ
phiinomen 397 

-, contraindications, Pyelographic, Kontraindilca
tionen 41 

-, contrast media, Pyelographie, Kontrastmittel 24 
-, contrast medium depot, renal parenchyma, Pyelo-

graphie, Kontrastmitteldepot, Nierenparenchym 26 
-, blind ureter, Pyelographie, blind endender Ureter 

90 
-, children, indication, Pyelographie, bei Kindern, 

I ndilcation 333 
-, differential diagnosis: Phlebolite, ureteric, stone, 

Pyelographie, Differentialdixgnose: Phlebolith, 
Ureter steine 17 

-, ectopia of ureteric ostium, Pyelographie, Elctopie 
des Ureterenostium 114 

-, equipment, Pyelographie, Einrichtung 3 
-, fibrolipomatosis, Pyelographie, Fibrolipomatose 373 
-, "iatrogenic" trauma, Pyelographie, "iatrogenes" 

Trauma 307 
-, meteorism, Pyelographie, Meteorismus 6 
-, method, Pyelographie, M ethodilc 26 
-, negative, renal carcinoma, Pyelographie, negative, 

Nierencarcinom 183 

pyelography, papillary carcinoma of renal pelvis, Pyelo
graphie, papillares Oarcinom des N ierenbeclcens 214 

-, papillary necrosis, Pyelographie, Papillennelcrose 
144,370 

-, polycystic disease of kidney, Pyelographie, poly
cystische N ierendegeneration 235 

-~, renal abscess, Pyelographie, NierenabscejJ 387 
-~-, renal carcinoma, Pyelographie, Nierencarcinom 

180 
-, -, differentialdiagnosis, Pyelographie, Nieren-

carcinom, Differentialdasgnose 211 
-, renal cysts, Pyelographie, Nierencysten 224 
-, renal ectopia, Pyelographie, Nierenelctopie 100 
-, renal rupture, Pyelographie, Nierenruptur 288, 

289, 295 
-, renal tuberculosis, Pyelographie, Nierentuberlculose 

240, 242 
-~, renal, ureteric stone, Pyelograph ie, Nieren-, Ure

terstein 136 
-, space-occupying lesion, differential diagnosis, 

Pyelographie, raumfordernder ProzejJ, Differential
dixgnose 295 

-, stenosis of pelviureteric junction, Pyelographie, 
Stenose aus Nierenbeclcewzbgxng 310, 313 

--, technique, Pyelographie, Technilc 24, 26 
-, tumor at pelviureteric junction, Pyelographie, 

Tumor am Nierenbeclcenxbgxng 219 
-, tumors of renal pelvis, Pyelographie, Nierenbeclcen

tumoren 213 
-, urography, indication, Pyelographie, Urographie, 

I ndikxtion 42 
pyelolithotomic, perirenal abscess, Pyelolithotomie, 

perirenxler AbscejJ 380 
pyelolithotomy, "iatrogenic trauma", Pyelolithotomie, 

"iatrogenes" Traum'Z 296 
pyelolymphatic, backflow, Pyelolymphatischer Re-

flux 87, 401, 402 
pyelonephritis, Pyelonephritis 355-369 
-, angiography, Pyelonephritis, Angiographie 360 
--, emphysematous, Pyelonephritis, emphysemxtose 

390,391 
-, fibrolipomatosis, Pyelonephritis, Fibrolipomxtose 

374 
-, lipomatosis, Pyelonephritis, Lipomxtose 373 
-, malignant degeneration, Pyelonephritis, maligne 

Degeneration 216 
-, nephrocalcinosis, Pyelonephritis, N ephrocalcinose 

174 
-, papillary carcinoma, Pyelonephritis, papilliires 

Oarcinom 215 
-, papillary necrosis, Pyelonephritis, Papillennelcrose 

357 
-, phenacetin abuse, Pyelonephritis, Phenacetin

Abusus 217 
-, ureteric abstruction, bladder carcinoma, Pyelo

nephritis, Uretembstrulction durch Blasencxrcinom 
331 

-, urography, myeloma, Pyelonephritis, Urogr:Lphie, 
Myelom 55 

-, urolithiasis, Pyelonephritis, Urolithixsis 126 
-, skringake of kidney, Pyelonephritis, Nieren-

schrumpfung 95 
pyeloscopy, technique, Pyeloslcopie, Technilc 26 
pyelostomy, anuria after ligation of the ureters, Pyelo

stomie, Unurie n'Zch Ureterenunterbindung 330 
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pyelostomy, "iatrogenic" trauma, Pyelostomie, "iatro
genes" Trauma 269 

-, urography after, Pyelostomie, Urographie nach 
148 

pyeloureteritis cystica, Pyeloureteritis cystica 428 
pyelovenous reflux, definition, Pyelovenoser Reflux, 

Definition 397, 399 
pyemia, renal infection, Pyiimie, Nierenentziindung 

386 
pyonephrosis, pyelonephritis, Pyonephrose, Pyelone-

phritis 359 
-, renal stone, Pyonephrose, Nierenstein ll8, 144 
pyuria, blind ureter, Pyurie, blind endender Ureter 89 
-, ectopic ureteric orifice, Pyurie, ektopisches Ure-

terostium 88, ll4 

radiation, hazards, fluoroscopy, Strahlen, Ge/ahren 
Durchleuchtung 26 

-, nephritis, Strahlen, Nephritis 374 
radiation dose, Ma S-product, Strahlendosis, Ma S

Produkt 5 
-, see dose, Strahlendosis siehe Dosis 
-, urologic roentgen examination, Strahlendosis, uro-

logische Rontgenuntersuchung 3 
radiation protection, image intensifer, TV set-up, 

Strahlenschutz, Bildver8tiirker, Femseheinrichtung 
5,26 

-, urethrocystography, Strahlenschutz, Urethrocysto
graphie 435 

-, urologic roentgen examination, Strahlenschutz, 
urologische Rontgenuntersuchung 3 

radioactivity, thorium dioxide, Radioaktivitiit, Tho
riumdioxyd 24 

radiogenous mutations, world Health Organization, 
Radiogene M utationen, Weltgesundheitsorgani-· 
sation 4 

Randall-Carr theory, formation of renal calculi, 
Randall-Carr-Theorie, Nierensteinentstehung 130 

recurrence, urolithiasis, Rezidive, Steinkrankheit 132 
reflex anuria, renal stone, Reflektorische Anurie, 

N ierenstein 158 
reflux, classification, Reflux, Kla88ifizierung 397 
-, contrast medium, from roentgen-diagnostic point 

of view, Reflux, Kontrastmittel, vom rontgenologi
schen Standpunkt 410 

-, cystoureteric, Reflux, Blase, Ureter 487 
-, frequency, Reflux, Hiiufigkeit 403 
-, phenomena, Reflux, Phiinomene 397-414 
-, pyelography, Reflux, Pyelographie 26 
-, see backflow, Reflux, siehe Ruckfluj3 
-, to blood-stream, Reflux, zum Blutstrom 399, 402 
-, to sinus, Reflux, zu den Sinus 399 
-, urethrocavernous, Reflux, urethrocaverno8er 43!J 
-, vesico,- ureteric, Reflux, Harnbla8e,- Ureter 368 
reflux pyelography, technique, Reflux-Pyelographie, 

Technik 24 
rejection, renal transplantation, angiography, Ab

stoj3ung, Nierentransplantat, Angiographie 416,417 
renal abscess, Nierenabscej3 378, 385 
renal abscesses, differential diagnosis, Nierenabsce8se, 

Differentialdiagnose 207 
renal angiogram, anatomy, Nierenangiogramm, Ana

tomie 74 
renal angiography, anomalies, Nierenangiographie, 

Anomalien III 

renal angiography, aortic puncture, N ierenangiogra
phie, Aortenpunktion 64 

-, arteriosclerosis, Nierenangiographie, Arterio8klerose 
262 

-, catheterization, N ierenangiographie, Katheteri
sierung 64 

-, carcinoma, Nierenangiographie, Carcinom 182-
191 

-, contrast media, Nierenangiographie, Kontra8t-
mittel 69 

-, cysts, Nierenangiographie, Cysten 225, 230 
-, equipment, Nierenangiographie, Einrichtung 3 
-, embryoblastoma, Nierenangiographie, Embryo-

blastom 198 
-, flow studies, Nierenangiographie, Unter8uchung 

der Stromungsgeschwindigkeit 84 
-, function of transplanted kidney after, Nieren

angiographie, Funktion des Tran8plantates nach 
417 

-, filling defect of renal pelvis, Nierenangiographie, 
Fullungsde/ekt de8 Nierenbeckens 40 

-, fibrolipomatosis, Nierenangiographie, Fibrolipo
mato8e 372 

-, glomerulonephritis, Nierenangiographie, Glomeru
lonephritis 352 

-, history, Nierenangiographie, Geschichtliche8 63 
-, hydronephrosis,N ierenangiographie,H ydronephrose 

145, 319-329 
-, local hypoplasia, Nierenangiographie, lokale Hypo

plasie 97 
-, nephrolithiasis, Nierenangiographie, Steinkran7cheit 

166-172 
-, operative indication: Renal carcinoma, Nieren

angiographie, Operationsindi7cation: N ierencarcinom 
206 

-, papillary carcinoma of renal pelvis, Nierenangio
graphie, papillares Carcinom des Nierenbec7cens 
214 

-, papillary necrosis, Nierenangiographie, Papillen-
1wlcrose 371 

-, physiologic parameters, Nierenangiographie, phy-
8iologi8che Parameter 81 

-, pyelonephritis, Nierenangiographie, Pyelonephritis 
362 

-, renal injury, Nierenangiographie, Nierenverletzung 
299-302 

-, renal transplantation, Nierenangiographie, Nieren
transplantation 415 

-, renal infarction after, Nierenangiographie, Nieren
in/arkt nach 277 

-, renal atrophy, Nierenangiographie, Nierenatrophie 
319, 331 

-, risks, Nierenangiographie, Ge/ahren 71 
-, tuberculosis, Nierenangiographie, Tuber7culose 

251-253 
-, see angiography, Nierenangiographie, siehe Angio

graphie 
-, study of renal function, Nierenangiographie, Be

urteilung der Nieren/unktion 167 
-, ureteric obstruction, Nierenangiographie, Ureter

obstru7ction 171 
renal anomalies, concrements, Nierenanomalien, 

Konkremente ll9 
-, vascular changes, Nierenanomalien, Ge/aj3veran

derungen 107 
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renal arteries, multiple, Nierenarterien, multiple 
107~111 

~, ~, impression of ureter, Nierenarterien, multiple, 
Impression des Ureters 39 

~, ~, hydronephrosis, Nierenarterien, multiple, 
Hydronephrose 319 

~, renal atrophy, Nierenarterien, Nierenatrophie 319 
~, roentgen anatomy, Nierenarterien, Rontgenana

tomie 73 
~, selective catheterization, Nierenarterien, selektive 

K atheterisierung 65 
renal artery, aneurysma, Nierenarterie, Aneurysma 

267 
~, arteries arising from, Nierenarterie, Abgiinge von 

der 79 
-, atrophy, "silent kidney", Nierenarterie, Atrophie, 

"stumme Niere" 170 
-, caliber after ligation of ureter, N ierenarterie, 

Kaliber nach Unterbindung des Ureter 169 
-, complete, incomplete block, Nierenarterie, voll

stiindiger, unvollstiindiger Verschluj3 278 
-, diameter at renal carcinoma, N ierenarterie, Durch

messer bei Nierencarcinom 183 
-, emboli, thrombosis, Nierenarterie, Embolie, Throm

bose 277 
-, injury by biopsy, Nierenarterie, Verletzung durch 

Biopsie 301 
--, multiple aneurysms, Nierenarterie, multiple Aneu

rysmen 267 
-, polyangiitis nodosa, Nierenarterie, Polyangiitis 

nodosa 267 
-, stenosis, N-ierenarterie, Stenose 266 
-, stenosis, renal hypertension, Nierenarterie, Ste-

nose, renaler Hypertonus 285 
-, thrombosis, transplantation, Nierenarterie, Throm

bose, Transplantat 417 
-, transplanted kidney, Nierenarterie, Transplantat

niere 415, 418, 419 
renal arteriography, nephrographic phase, Nieren

arteriographie, nephrographische Phase 80 
-, renal abscess, Nierenarteriographie, Nierenabscej3 

388, 389 
-, see arteriography, angiography, Nierenarterio

graphie, siehe Arteriographie, Angiographie 
-, technique, Nierenarteriographie, Technik 63, 65 
renal atrophy, angiography, Nierenatrophie, Angio

graphie 319, 331 
renal blood flow, calculation, Nierendurchblutung, 

Berechnung 81 
renal calculi, plain radiography, Nierenstein, Leeraul

nahme 132~135 

-, relative density, Nierensteine, relative Dichte 132 
-, surgery, roentgen examination, Nierensteine, 

Operation, Rontgenuntersuchung 135 
-, theory of formation, Nierensteine, Theorie der 

Entstehung 128 
-, non-opaque, Nierenstein, nichtschattengebender 

136, 137 
renal calyces, anomalies, Nierenkelche, Anomalien 

90 
-, abscess, Nierenkelche, Abscej3 387 
~, different types, Nierenkelche, verschiedene Typen 

31,32 
-, dilatation, fibrolipomatosis, Nierenkelche, Er

weiterung, Fibrolipomatose 373 

renal calyces, double renal pelvis, Nierenkelche, dop
peltes Nierenbecken 87 

~, destruction, tumor, Nierenkelche, Destruktion, 
Tumor 213 

~, incipient pathologic changes, Nierenkelche, begin
nende Veriinderungen 62 

-, incrustations, Nierenkelche, Inkrustationen 128 
-, position, supine position of patient, Nierenkelche, 

Lage, Riickenlage des Patienten 28 
~, stones, Nierenkelche, Harnsteine 117 
-, stenosis, tuberculosis, Nierenkelche, Stenose, Tu-

berkulose 213 
-, trauma, Nierenkelche, Trauma 291 
renal calyx, carcinoma, Nierenkelch, Carcinom 216 
-, cyst, Nierenkelch, Cyste 87, 91 
-, extravasation of contrast medium, healing, Nie-

renkelch, Kontrastmittelaustritt, Heilung 412 
-, micro-, dilater, Nierenkelch, kleinster, dilatierter 

91 
~, rupture, bachflow, Nierenkelch, Ruptur, Riickfluj3 

397,408 
~, tubular reflux, Nierenkelch, tubuliirer Reflux 398, 

400 
renal capsule, inflammation, Nierenkapsel, Entziin-

dung 378 
renal carbuncle, Nierenkarbunkel 378, 385 
renal carcinoma, Nierencarcinom 177-196 
~, backflow phenomenon, Nierencarcinom, Riickfluj3-

phiinomen 409 
-, bilateral, Nierencarcinom, bilaterales 194 
-, differential diagnosis, Nierencarcinom, Differen-

tialdiagnose 138, 210, 215 
~, metastases, Nierencarcinom, Metastasen 199 
renal colic, absence of demonstrable concrement, 

Nierenkolik, lehlender Steinnachweis 157 
~, blackflow of contrast medium to retroperitoneal 

space, N ierenkolik, Kontrastmittelriickfluj3 zum 
Retroperitonealraum 404, 408 

~, fibrolipomatosis, reflux of contrast medium, Nie
renkolik, Fibrolipomatose, Kontrastmittelreflux 411 

~, hemangioma ofkidney,Nierenkolik,Hiimangiom der 
Niere 272 

~, heterotopic excretion of contrast medium, Nieren
kolik, heterotope Kontrastmittelausscheidung 52 

~, hydronephrosis, Nierenkolik, Hydronephrose 316 
~, perirenal abscess, N ierenkolik, perirenaler Abscej3 

387 
~, roentgen examination during, Nierenkolik, Ront

genuntersuchung wiihrend der 149 
-, ureteric stone, stasis, Nierenkolik, Ureterstein, 

Stase 168 
-, without stone, Nierenkolik, ohne Stein 157 
renal concrements hyperparathyroidism, Nierensteine, 

Hyperparathyreoidismus 173 
~,sacroidosis, Nierensteine, Sarkoidose 17 3 
renal cyst, puncture, Nierencyste, Punktion 229, 

231 
-, see cyst, Nierencyste, siehe Cyste 
-, injection of Lipiodol, Nierencysten, Injektion von 

Lipiodol 225 
~, polycystic disease, Nierencysten, polycystische 

Dezeneration 233-238 
-, Nierencysten 223-238 
renal damage, contrast media, angiography, Nieren

schiidigung, Kontrastmittel, Angiographie 69, 71 
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renal damage, cystoureteric reflux, Nierenschadigung, 
Reflux, Blase-Harnleiter 488 

-, urography, myeloma, Nierenschadigung, Urogra
phie, M yelom 55 

renal edema, N ierenodem 345 
--, plain radiography, Nieren, (jdem, Leeraufnahme 

11 
renal failure, acute, Nierenversagen, akutes 353 
-, after urography, Nierenversagen, nach Urographic 

55 
-, myeloma, urography, Nierenversagen, Myelom, 

Urographie 55 
renal fascia, anatomy, Nieren, Fascie, Anatomie 10, 

11 
-, retroperitoneal connective tissue, relations, Nie

renfascie, retroperitoneales Bindegewebe, Beziehun
gen 19, 21 

-, tomography, Nierenfascie, Tomographie 22 
renal function, appreciation, renal angiography, 

Nierenfunlction, Beurteilung, Nierenangiographie 81 
-, angiography, atrophy, Nierenfunktion, Angio

graphie, Atrophie 319 
-, complete absence at birth, Nierenfunktion, feh

lende bei Geburt 95 
-, impairment by urolithiasis, Nierenfunktion, 

Schiidigung durch Steinkrankheit 166, 171 
-, information about, urography, Nierenfunktion, 

Information iiber, Urographie 60, 61 
--, judgment from the urogram, Nierenfunktion, Be

urteilung aus dem Urogramm 50 
--, loss of, transplanted kidney, Nierenfunktion, Aus

fall, N ierentransplantat 417 
-, ureteric obstruction, Nierenfunktion, Ureterob

struktion 167 
-, urography, in order to check, Nierenfunletion, 

U rographie zur Priifung der 166 
renal fusion, angiography, Nierenfusion, Angiographie 

III 
-, dystopia, Nierenfusion, Dystopie 102, 104 
renal hilum, anatomy, nephrogram, Nierenhilus, 

Anatomie, Nephrogramm 39,40 
-, ectopia, Nierenhilus, Eletopie 101 
renal hilus, topography, shape, Nierenhilus, Topo

graphie, Form 14 
renal hypertension, angiography, Renaler Hochdrucle, 

Angiographie 264 
-, roentgen diagnosis, Renaler Hypertonus, Ront

gendiagnostile 284 
renal infarction, after renal angiography, Nieren

infarlet, nach Nierenangiographie 277 
-, transplanted kidney, Niereninfarlet, Transplan

tatniere 420 
renal injury, residua after trauma, Nierenverletzung, 

Restbefunde nach A usheilung 304, 305 
renal insufficiency, acute, N iereninsuffizienz, aleute 

345 
-, hypercalcaemia, Niereninsuffizienz, Hypercalca-

rme 128 
-, pyelography, Niereninsuffizienz, Pyelographie 42 
-, urography, Niereninsuffizienz, Urographie 54 
renal malformations, arterial supply, Nierenmiftbil

dungen, arterielle Versorgung 77 
renal osteodystrophy, roentgenologic changes, Renale 

Osteodystrophie, rontgenologische Veranderungen 
175 

renal papillae, anatomy, Nierenpapillen, Anatomie 
31 

-, necrosis, pyelonephritis, N ierenpapillen, N elerose, 
Pyelonephritis 359 

-, necrosis, tumors of renal pelvis, Nierenpapillen, 
Nelerose, Nierenbecleen-Tumoren 212 

-, necrosis, concrements, N ierenpapillen, N elerose, 
Konlcremente 119 

--, necrosis, Nierenpapillen, Nekrose 369-372 
-, stone formation, Nierenpapillen, Steinbildung 

128 
-, tuberculosis, Nierenpxpillen, Tuberleulose 240 
renal parenchyma, anomalies, Nierenparenchym, 

Anomalien 93-97 
-, atrophy, vessels, Nierenparenchym, Atrophie, Ge

fafte 319 
-, atrophy, urinary stasis, Nierenpxrenchym, Atrophie, 

Harnstauung 167 
-, contrast medium depot, pyelography, Nieren

parenchym, Kontrastmitteldepot, Pyelographie 26 
-, cysts, Nierenparenchym, Cysten 224 
-, density, symptom of stasis, Nierenparenchym, 

Dichte, Stase 156 
-, destruction, stones, Nierenpxrenchym, Zerstorung, 

Steine 144, 145 
-, diseases, Nierenparenchym, Erleranleungen 

344-378 
-, edema, Nierenparenchym, (jdem 345 
--, excretion of contrast medium, tuberculosis, 

Nierenparenchym, Kontrastmittelausscheidung bei 
Tuberleulose 250 

--, fibrolipomatosis, N ierenparenchym,Fibrolipomatose 
372 

-, hypoplasia, Nierenparenchym, Hypoplasie 95 
-, nephrocalcinosis, N ierenparenchym, N ephrocal-

cinose 173 
-, outer margin, distance: Renal pelvis, Nieren

parenchym, Auftenleontur, Abstand: Nierenbecleen 39 
-, tear, rupture, N ierenparenchym, Rift, Ruptur 288, 

289 
-, tolerance, contrast medium, Nierenparenchym, 

Toleranz, Kontrastmittel 71 
renal pelvis, abscess, Nierenbecken, Absceft 383 
-, anatomy, Pyelography, Nierenbecleen, Anato

mie, Pyelographie 29 
-, catheterization, contractions, Nierenbeclcen, Ka

theterisierung, Kontraletionen 27 
-, concrements, Nierenbecleen, Konleremente 119 
-, contrast-filled, stones, Nierenbecleen, leontrastge-

fiilltes, Steine 137 
-, calcification, differential diagnosis, Nierenbecleen, 

Verlealleung, DitJerentialdiagnose 133 
-, calcification, sulfonamides, Nierenbecleen, Ver

kalleung, Sulfonamide 127 
--, coagulum, hemophilia, Nierenbeclcen, Blutleoagel, 

H amophilie 286 
-, carcinoma, Nierenbecleen, Carcinom 212 
--, carcinoma, bilateral, Nierenbecleen, Carcinom, 

doppelseitiges 218 
-, carcinoma, hydronephrosis, Nierenbecleen, Car

cinom, Hydronephrose 219 
-, cyst, rupturing into, Nierenbecken, Cyste, rupturie

rend 227 
-, cysts, stones, Nierenbecleen, Cysten, Steine 131, 

133 
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renal pel vis, dilatation, cystoureteric reflux, N ieren
becken, Erweiterung, Reflux, Blase, Ureter 490 

-, -, prostatic hyperplasia, Nierenbecken, Erwei
terung, Prostatahypertrophie 335 

--, -, Nierenbecken, Erweiterung 314 
---, double, ureteric dilatation, N ierenbecken, doppel-

tes, U retererweiterung 342 
--, -, blind ureter, Nierenbecken, doppeltes, blind 

endender Ureter 89 
--, dilated, retro-caval ureter, Nierenbecken, Dilata

tion, retrocavaler Ureter 112 
-, dendritic, ampullary, Nierenbecken, dendritisches, 

ampullares 31 
---, deformation, carcinoma, Nierenbecken, Deformie

rung, Carcincm 180, 181 
-, distance: Outer margin of parenchyma, Nieren

becken, Abstand: Au.f3enkontur des Nierenparen
chyms 39 

-, expansive lesions, differential diagnosis, Nieren-
becken, expansive Prozesse, Differentialdiagnose 210 

-, filling defects, Nierenbecken, Fiillungsdefekte 38 
--, gas formation, Nierenbecken, Gasbildung 138 
-, gas within, papillary necrosis, Nierenbecken, Gas 

im, Papillennekrose 391 
-, impressions by vessels, Nierenbecken, Gefa.f3im

pressionen 38, 39 
-, instrumental injury, Nierenbeclcen, instrumentelle 

Verletzung 297, 307 
--, intrarenal, Nierenbecken, intrarenales 99 
-, kymography, cineradiography, Nierenbecken, Ky-

mographie, Cineradiographie 27 
-, layer formation, contrast medium, Nierenbecken, 

Schichtbildung, Kontrastmittel 311 
--, leukoplakia, Nierenbecken, Leukoplakie 212 
--, leiomyoma, Nierenbecken, Leiomyom 213 
-, layer formation of contrast medium, Nieren-

becken, Kontrastmittelschichtung 27 
-, multiple tumors, Nierenbecken, multiple Tumoren 

196 
-, motility, Nierenbecken, Motilitat 27 
--, malformations, Nierenbecken, Mi.f3bildungen 86 
-, metastasis, liver carcinoma, Nierenbecken, Meta-

stase, Lebercarcinom 213 
-, percutaneous puncture, Nierenbecken, perkutane 

Punletion 24 
-, papillomatosis, Nierenbecken, Papillomatose 212 
--, pressure, Nierenbecken, Drucle 49 
--, pyelogenic cysts, Nierenbecken, Cysten 223 
--, rupture, Nierenbecken, Ruptur 288 
---, rhythmic contractions, Nierenbecken, rhythmische 

Kontraktionen 58 
--, symptoms of stasis, Nierenbecken, Symptome der 

Stase 156 
--, stones, polypoid tumors, differential diagnosis, 

Nierenbecken, Steine, polypoide Tumoren, Differ
entialdiagnose 138 

--, stone producing tumor, Nierenbecken, Stein produ
zierender Tumor 213 

-, tuberculosis, cicatrization, Nierenbecken, Tuber
leulose, N arbenstadium 247 

-, tumors, Nierenbecken, Tumoren 212-218 
-, tumors, phenacetin abuse, Nierenbecken, Tumoren, 

Phenacetin-Abusus 213 
renal physiology, dye dilution technique, Nieren

physiologie, Farbstoff -Verdiinnungsmethode 84 

renal physiology, renal puncture, percutaneous, 
differential diagnosis, N ierenpunktion, perleutane, 
Differentialdiagnose 211 

-, percutaneous, tumor, cyst, Nierenpunktion, per
leutane, Tumor, Cyste 209 

renal pyramids, arterial supply, Nierenpyramiden, 
arterielle Versorgung 76, 77 

renal rupture, classification, N ierenruptur, Klassi
(izierung 288 

renal shrinkage, after injury, Schrumpfniere, nach 
Verletzung 293, 305 

renal sinus, lipomatosis, Nierensinus, Lipomatose 
372 

-, reflux, Nierensinus, Reflux 399 
-, reflux, healing, Nierensinus, Reflux, Heilung 

412 
renal stone, colic, roentgen examination, Nieren-

stein, Kolile, Rantgenuntersuchung 149 
-, pyonephrosis, Nierenstein, Pyonephrose 144 
-, reflex anuria, Nierenstein, reflektorische Anurie 158 
renal stones, differential diagnosis, N ierensteine, 

Differentialdiagnose 138 
-, disappearance, Nierensteine, Verschwinden 134 
-, hydronephrosis, Nierensteine, Hydronephrose 314 
-, nephrectomy, Nierensteine, Nephrektomie 146 
-, perforation, Nierensteine, Perforation 134 
-, chemical composition, Nierensteine, chemische Zu-

sammensetzung 115 
-, urography, Nierensteine, Urographie 138, 139 
renal transplantation, Nierentransplantation 414-420 
-, diagnostic problems, Nierentransplantation, dia-

gnostische Probleme 378 
-, function after angiography, Nierentransplantation, 

Nierenfunktion nach Angiographie 417 
renal tuberculosis, colic, Nierentuberkulose, Kolile 

157 
-, differential diagnosis, Nierentuberkulose, Differen

tialdiagnose 253 
-, follow-up examinations, Nierentuberkulose, Nach

untersuchungen 256 
-, pathology, Nierentuberleulose, Pathologie 239 
-, reflux phenomenon, Nierentuberkulose, Reflux-

phanomen 412 
-, roentgen examination, Nierentuberlculose, Rant

genuntersuchung 239-255 
-, vascular changes, Nierentuberkulose, Gefa.f3ver

anderungen 255 
renal tubular ectasia, Nierentubuli, Ektasie 393 
-, backflow of contrast medium into, Nierentumor, 

Kontrastmittelriicleflu.f3 in 408, 409 
renal tumors, Nierentumoren 176-223 
-, avascular, Nierentumoren, avasculare 190 
--, benign, Nierentumoren, gutartige 200-205 
- -, malignant, N ierentumoren, bosartige 176-199 
-, multiple, Nierentumoren, multiple 193 
renal tumor, colic by blood clot formation, Nieren

tumor, Kolik durch Blutung 157 
renal vein, calculation of blood flow, Nierenvene, 

Berechnung des Blutdurchflusses 81 
-, collaterals around the kidney, Nierenvene, Kolla

teralen um die Niere 185 
-, impression of ureter, N ierenvene, U reterenimpression 

40 
-, phlebography, Nierenvene, Phlebographie 84 
-, thrombosis, Nierenvene, Thrombose 279 
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renal veins, supplementary, hydronephrosis, Nieren
venen, zusatzliche, Hydronephrose 324, 325 

-, thrombosis, Nierenvenen, Thrombose 81 
renal vessels, and hydronephrosis, Nierengefaj3e, und 

Hydronephrose 329 
-, obstructing flow in the ureter, Nierengefaj3e, Ab

fluj3stOrung des Ureters 329 
-, primary changes, N ierengefaj3e, primare Verande

rungen 259 
renal volume, calculation, Nierenvolumen, Berechnung 

16 
-, cortex, ratio, Nierenvolumen, Rinde, Verhaltnis 

81 
Ren mobile, differential diagnosis: Ectopia, Ren 

mobile, DifJerentialdiagnose: E ktopie 100 
Renografin, structural formula, Renografin, Struk

turformel 45 
reports, photographic terms, Befunde, photographische 

BegrifJe 2 
respiration, effect of contrast media, Atmung, Kon

tmstmittelwirkung 47 
respiratory excursions, kidney, normal, Atemexkur

sionen, Niere, normale 10, 11 
retro-caval ureter, pyelography, cavography, Retro

cavaler Ureter, Pyelographie, Cavographie 112, 
113 

retroperitoneal fibrosis, Retroperitoneale Fibrose 426 
retroperitoneal masses, displacement of kidney, 

Retroperitoneale Tumoren, Verlagerung der N iere 
13 

retroperitoneal metastases, chronic reflux, Retroperi
toneale Metastasen, chronischer Reflux 413 

retroperitoneal pneumography, renal hypoplasia, 
Retroperitoneale Pneumographie, N ierenhypoplasie 
96 

-, suprarenal gland, Retroperitoneale Pneumographie, 
N ebenniere 22 

-, technique, indications, Retroperitoneale Pneumo
graphie, Technik, Indikationen 18-22 

retroperitoneal tumors, differential diagnosis, Retro
peritoneale Tumoren, DifJerentialdiagnose 207 

-, displacement of ureter, Retroperitoneale Tumoren, 
Verlagerung des Ureter 218 

-, radiation nephritis, Retroperitoneale Tumoren, 
Strahlennephritis 374 

retroperitoneal space, backflow of contrast medium, 
renal colic, Retroperitonealraum, Kontrastmittel
ruckfluj3, Nierenkolik 404 

-, fistula into, perirenal abscess, Retroperitonealraum, 
Fistel zum, perirenaler Abscej3 381 

retroperitoneum, space occupying lesions, Retroperi
toneum, raumfordernde Prozesse 309 

risks, reflux phenomenon, Gefahren, Refluxphanomen 
414 

-, renal angiography, Gefahren, Nierenangiographie 
71 

-, see complications, Gefahren, siehe Komplikationen 
roentgen anatomy, position of kidney, Rotgenanatomie, 

Lage der N iere 33 
-, pyelography, Rontgenanatomie, Pyelographie 29 
-, renal arteries, Rontgenanatomie, Nierenarterien 73 
-, ureter, course, Rontgenanatomie, Ureter, Verlauf 

35,36 
-, urinary bladder, Rontgenanatomie, Harnblase 436 

441 

roentgen diagnosis, urinary tract, distal, Rontgen
diagnose, Harntrakt, distaler Teil 433-492 

roentgen diagnostics, centralized, Rontgendiagnostik, 
zentralisierte 4 

-, renal hypertension, Rontgendiagnostik, renaler 
H ypertonus 284 

roentgen examinations, close to the gonads, Rontgen
untersuchungen, nahe den Gonaden 4 

-, during renal colic, Rontgenuntersuchung, wahrend 
einer Nierenkolik 149 

-, hematuria, Rontgenuntersuchung, Hamaturie 286 
-, postoperative, urolithiasis, Rontgenuntersuchung, 

postoperative, Steinkrankheit 148 
-, pregnancy, Rontgenuntersuchung, Schwangerschaft 

4 
-, surgically exposed kidney, Rontgenuntersuchung, 

f~igelegte N iere 22 
-, surgery, urolithiasis, Rontgenuntersuchung, Ope

ration, Urolithiasis 135 
roentgen findings, indirect, perirenal abscess, Ront

genbefunde, indirekte, perirenaler Abscej3 384 
roentgen tube, collimating cone, light-beam locali

zers, Rontgenrohre, Streustrahlentubus, Lichtvisier 
5 

roentgendiagnosis, kidney and ureter, Rontgendiagnose 
N iere und U refer 1 

roentgenologic anatomy, see anatomy, Rontgenolo
gische Anatomie, siehe Anatomie 

roentgenologic volume, kidneys, normal values, 
Rontgenologisches Volumen, Nieren, Normalwerte 
16 

roentgenological anatomy, kidney, Rontgenologische 
Anatomie, Niere 8-16 

-, suprarenal gland, Rontgenologische Anatomie, 
N ebenniere 22 

roentgenological reports, photographic terms, Ront
genbefunde, photographische BegrifJe 2 

rotation, of kidney, in prone and upright position, 
Drehung, der Niere, im Liegen und Stehen 12 

rupture, of bladder, Ruptur, Harnblase 463 
-, of kidney, Ruptur, Niere 290, 291 
-, renal calyx, back flow, Ruptur, Nierenkelch, 

Riickfluj3 397, 408 
-, urethra, Ruptur, Urethra 484 

sarcoidosis, nephrocalcinosis, Sarkoidose, N ephro
calcinose 173 

schema, multi cystic kidney, Schema, polycystische 
N ierendegeneration 94 

-, retro-caval ureter, Schema, retro-cavaler Ureter 
113 

scrotal emphysema, retroperitoneal pneumography, 
H odenemphysen, retroperitoneale Pneumographie 
21 

serous cysts, of kidney, Serose Cysten, Niere 223 
secretion, tubular, estimation, Sekretion, tubulare, 

Bestimmung 82 
secretory pressure, kidney, S ekretionsdruck, N iere 

49 
segmental arteries, of kidney, anatomy, Segment

arterien, Niere, Anatomie 74 
segmenal distribution, renal artery, Segmentale Ver

teilung, Nierenarterie 78 
selective angiography, kidney, anatomy, Selektive 

Angiographie, Niere, Anatomie 75, 76 
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selective angiography, renal tumor, Selektive Angio
graphie, Nierentumor 184, 187 

-, tumors of renal pelvis, Selektive Angiographie, 
Nierenbeckentumoren 217,218 

selctive catheterization, multiple renal arteries, Selek
tive Katheterisierung, 'multiple Nierenarteriene 109 

-, renal arteries, Selektive Katheterisierung, Nieren
arterien 65 

selective renal phlebography, Selektive Nierenveno
graphie 83 

seminal vesicles, calcification, Sarnenkanalchen, Ver-
kalkung 249 

sex, urolithiasis, Geschlecht, Harnsteine 117 
shape, urolithiasis, Forrn, Harnsteine 117 
shape variations, of kidney, normal, Forrnvarianten, 

Niere, normale 14 
-, renal pelvis, Forrnvarianten, Nierenbeclcen 29, 30 
-, suprarenal gland, Forrnvarianten, Nebenniere 22 
-, renal calyces, Forrnvarianten, Nierenlcelche 31 
shock, after retroperitoneal pneumography, Schock, 

nach retroperitonealer Pneumographie 20 
-, induced by contrast medium, Schoclc, Kontrast

rnittelrealction 56 
-, reduction of kidney-size, Schoclc, Ruckgang der 

Nierengro13e 16 
shrinkage, of kidney, after injury, Nierenschrurnpfung, 

nach Verletzung 293, 305 
-, -, differential diagnosis, Nierenschrurnpfung, 

Differentialdiagnose 95 
-, phenacetin abuse, Schrumpfniere, Phenacetin

Abusus 366 
-, pyelonephritis, Schrurnpfniere, Pyelonephritis 357, 

364 
-, radiation nephritis, Schrurnpfniere, Strahlenne

phritis 374 
-, tuberculosis, Nierenschrumpfung, Tuberkulose 246 
shunt, forearm, for dialysis, Shunt, Unterarrn, zur 

Dialyse 275, 276 
side effects, cleansing enema, N ebenwirkungen, Reini

gungseinlauf 6 
-, contrast media, angiography, Nebenwirlcungen, 

Kontrastmittel, Angiographie 69, 72 
-, contrast media, pyelography, Nebenwirkungen, 

Kontrastmittel, Pyelographie 24, 53 
-, side effects, stone induction, N ebenwirkungen, 

Steinbildung 127 
-, thorium dioxide, N ebenwirlcungen, Thoriumdi

oxyd 24 
"silent kidney", urography, angiography, "Stumme 

Niere", Urographie, Angiographie 170 
silicate calculi, antacids Sililcatsteine, A ntacida 127 
sinus-reflux, healing, Sinus-Reflux, Heilung 412 
situs inversus, retro-caval ureter, Situs inversus, 

retro-cavaler Ureter 112 
size, kidney, Gro13e, Niere 14 
-, renal calyces, Groj3e, Nierenlcelche 31 
-, renal pelvis, Groj3e, Nierenbecken 29, 30 
-, urolithiasis, Groj3e, H arnsteine 117 
-, suprarenal glands, Groj3e, Nebennieren 22 
size of kidney, estimation, Nierengroj3e, Beurteilung 

350 
skeleton, destruction, renal carcinoma, Slcelet, Destruk

tion, Nierencarcinorn 210 
-, renal osteodystrophy, Skelet, renale Osteodystro

phie 175 

small bowel, ureter-fistula, Diinndarrn, Harnleiter
Fistel 28 

small kidney, differential diagnosis, Kleine Niere, 
Differentialdiagnose 95 

solitary stones, frequency, Solitarsteine, Haufigkeit 
117 

sources of artificial radiation, roentgen examination, 
kunstliche Strahlenquellen, Rontgenuntersuchung 4 

space occupying lesion, extravasation of contrast 
medium, Raurnfordernder Prozej3, Kontrastmittel
extravasat 409 

-, renal carbuncle, Raumfordernder Prozej3, Nieren
lcarbunlcel 387 

-, retroperitoneum, Raumfordernde Prozesse, Retro
peritonealraurn 309 

spasm, renal angiography, Spasrnus, Nierenangio
graphie 72 

spastic conditions, renal pelvis, Spastische Verande
rungen, Nierenbecken 38 

specific gravity, contrast medium containing urine, 
Spezifisches Gewicht, Kontrastrnittelharn 48 

sperm, frequency of chromosomal aberrations, 
Sperrna, Haufiglceit von Ohromosornenaberrationen 
4 

spermatogonia, frequency of chromosomal aberrations 
Spermatogonien, Haufiglceit von Ohromosornen
aberrationen 4 

spina ischiadia, course of ureter, Spina ischiadia, 
Verlauf des Ureters 36 

spinal cord, damage by contrast medium, Ruclcen
marlc, Kontrastrnittelschiidigung 71 

-, lesions, urolithiasis, Ruclcenrnark, Verletzungen, 
Steinlcrankheit 127 

spleen, enlargement, displacement of kidney, Milz, 
Vergroj3erung, Nierenverlagerung 12 

splenoportography, decrease of kidney-size, Spleno
portographie, Abnahrne der Nierengroj3e 16 

spondylitis, urolithiasis, Spondylitis, Steinkranlcheit 
127 

spondylosis deformans, ureteric displacement, Spon
dylosis deforrnans, Verlagerung des Ureters 37 

spontaneous gas pyelogram, ureterosigmoidostomy, 
Spontanes Gaspyelograrnrn, U reterosigrnoidostomie 
393 

stasis, symptoms of, kidney, Stase, Syrnptome der, 
Niere 156 

-, ureteric stone, renal function, Stauung, Ureter
stein, Nierenfunktion 168 

stem of calyx, anatomy, Kelchhals, Anatomie 29, 30 
stenosis, anastomosis, trasplanted kidney, Stenose, 

Anastomose, Nierentransplantat 419 
-, arterial, renal arteriosclerosis, Stenose, arterielle, 

N ierenarterioslclerose 263, 266 
-, pelviureteric junction, Stenose, Nierenbecken

abgang 308, 310, 313 
-, renal artery, renal hypertension, Stenose, Nieren-

arterie, renaler Hypertonus 285 
-, ureteric, Stenose, Ureter 427 
-, ureteric, tumor, Stenose, Ureter, Tumor 220 
stereo-roentgenography, renal arteriography, Stereo

aufnahrnen, Nierenarteriographie 67 
stomach, filling with gas, urography, Magen, Gas

fullung, Urographie 7 
stone, kidney, perirenal abscess, Stein, Niere, peri

renaler Abscej3 381, 384 
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stone, passage, Stein, Passage 157, 160 
-, producing tumor, renal pelvis, Stein, produzie

render Tumor, Nierenbecken 213 
-, pyonephrosis, Stein, Pyonephrose 144 
-, see renal calculus, concrement, Stein, siehe Nie-

renstein, Konkrement 
-, urethra, Stein, Urethra 487 
stones, hydronephrosis, Steine, Hydronephrose 314 
-, radiolucent, Steine, nichtschattengebende 133 
-, urinary bladder, Steine, Harnblase 438, 466 
stone kidney, infected, perirenal abscess, Steinniere, 

infizierte, perirenaler Abscej3 381 
stone induction, side effects of therapy, Steinbildung, 

N ebenwirkungen del' Therapie 127 
structure, tuberculous, ureter, Struktur, tuberkulose, 

Ureter 248 
-, urethra, Struktur, Harnrohre 473 
-, ureteric, after ureterolithotomy, Struktur, Ureter, 

nach Steinentfernung 147 
-, -, tumor, Strulctur, Ureter, Tumor 220 
structures, urethra, Strukturen, Urethra 481 
structural formulas, contrast media, urography, 

Strukturformeln, Kontrastmittel, Urographie 43 
supernumerary renal arteries, Oberzahlige Nieren

arterien 108 
supine position, position of calyces, confluens and 

ureter, Riickenlage, Lage von Kelchen, Confluens 
und Ureter 28 

suprarenal gland, retroperitoneal pneumography, 
N ebenniere, retroperitoneale Pneumographie 22 

suprarenal glands, roentgenologic anatomy, N eben
nieren, Rontgenanatomie 22 

surgery, renal carcinoma, en bloc, Operation, Nieren
carcinom, en bloc 205 

-, renal injury, Operation, Nierenverletzung 295 
-, roentgen examination of kidney, Operation, Ront-

genuntersuchunfJ der Niere 22 
surgically exposed kidney, roentgen examination, 

Freigelegte Niere, Rontgenuntersuchung 22-24 
syndrome, of cushing, urolithiasis, Syndrom, Cushing, 

Steinkrankheit 126 
-, of Goodpasture, Syndrom, Goodpasture 349 
-, of Klinefelter, urolithiasis, Syndrom, Klinefelter, 

Steinkrankheit 127 
-, of Lindau - von Hippel, Syndrom, Lindau -

von Hippel 204 
-, of Pringle, Syndrom, Pringle 202 
-, malformation, urinary, Syndrom, Mij3bildunfJs-, 

Harnwege 86 
-, nephrotic, of Fanconi, 

Syndrom, nephrotisches, 
Myelom 5 

urography, myeloma, 
Fanconi-, Urographie, 

systole, diastole, renal pelvis, Systole, Diastole, N ie
renbeclcen 34, 58 

tannic acid enemas, deaths, Tannin-Einlaufe, Todes
falle 6 

technique, antegrade pyelography, Technik, antegrade 
pyelography 40 

-, aortic puncture, Technik, Aortenpunktion 64 
-, catheterization, Technik, Katheterisierung 64, 65 
-, demonstrating renal calculi, Technik, Nierenstein-

Nachweis 132 
-, examination methods, Technik, Untersuchungs

methoden 8 

technique, infusion urography,Technik, Infusionsuro-
graphie 62 

-, pyelography, Technik, Pyelographie 24, 26 
--, pyeloscopy, Technilc, Pyeloskopie 26 
--, renal angiography, tumors, Technik, Nierenangio-

graphie bei Tumoren 190 
--, renal phlebography, Technik, Nierenvenographie 

83,84 
--, retroperitoneal pneumography, Technik, retroperi

toneale Pneumographie 18 
-, roentgen examination of surgically exposed kid

ney, Technik, Rontgenuntersuchung der freigelegten 
Niere 22 

-, urography, Technilc, Urographie 57-62 
television, pyeloscopy, Fernsehdurchleuchtung, Pyelo

slcopie 26 
television set-up, radiation protection, Fernsehein

richtung, Strahlenschutz 3, 5 
test injections, contrast media, Testinjelctionen, Kon

trastmittel 56 
testes, undescended, anomalies, Hoden, Hochstand, 

Anomalien III 
testis, teratoma, displacement of ureter, Hoden, 

Teratom, Verlagerung des Ureters 38 
thera py, immunosuppressive, angiography, Therapie, 

immunosuppressive, Angiographie 416 
-, late results, renal carcinoma, Therapie, Spatergeb-

nisse, Nierencarcinom 205, 206 
---, renal injury, Therapie, Nierenverletzung 306 
--, renal tuberculosis, Therapie, N ierentuberkulose 256 
--, side effects, stone induction, Therapie, N ebenwir-

lcungen, Steinbildung 127 
thorium dioxide, pyelography, side effects, Thorium

dioxyd, Pyelographie, N ebenwirlcungen 24, 25 
thrombo-embolism, renal arteriography, Thrombo

Embolie, Nierenarteriographie 72 
thrombosis, arterial, renal carcinoma, Thrombose, arte

rielle, Nierencarcinom 187 
-, renal artery, Thrombose, Nierenarterie 277 
-, -, transplantation, Thrombose, Nierenarterie, 

Transplantat 417 
--, renal vein, Thrombose, Nierenvene 81, 83, 279 
tibia, renal osteodystrophy, Tibia, renale Osteodystro

phie 175 
tissue tolerance, contrast media, Gewebetoleranz, Kon

trastmittel 48 
tomography, extravasation of contrast medium, renal 

calyces, Tomographie, Kontrastmittelextravasation, 
N ierenlcelche 407 

-, indications, Tomographie, I ndilcationen 17, 18 
-, renal carcinoma, Tomographie, Nierencarcinom 

191 
--, renal cysts, Tomographie, Nierencysten 225 
--, renal hypoplasia, Tomographie, Hypoplasie der 

Niere 96 
-, retroperitoneal pneumography, Tomographie, re-

troperitoneale Pneumographie 19 
-, suprarenal gland, Tomographie, N ebenniere 22 
--, urinary stones, Tomographie, Harnsteine 125 
-, normal position of kidney, Topographie, normale 

Nierenlage 9, 11 
toxicity, contrast media, Toxizitat, Kontrastmittel 

47,48,70 
-, tannic acid enemas, Toxicitat, Tannin-Einlaufe 

6 
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trabeculation of bladder, multiple diverticula, Balken
blase, multiple Divertikel 446 

transplantation, of kidney, Transplantation, Niere 
414-420 

-, -, failure, Transplantation, N iere, Versagen 417 
transportable image intensifiers, hazards, Transpor

table Bildverstdrker, Gefahren 26 
transversal tomography, indicationen, Transversale 

Tomographie, Indikationen 18 
trauma, catherization, Trauma, Katheterisierung 6, 7 
-, "iatrogenic", pyelolithotomy, Trauma, "iatro

genes", Pyolithotomie 296 
-, kidney, urinary pathways, Trauma, Niere, Harn

wege 287-308 
-, of urethra, Trauma, Harnrohre 482 
-, renal artery stenosis, Trauma, Nierenarterienstenose 

279 
-, renal vein thrombosis, Trauma, Nierenvenenthrom-

bose 280 
-, see injury, Trauma siehe Verletzung 
-, urinary bladder, Trauma, Harnblase 461---464 
treatment, immunosuppressive, angiography, Behand

lung, immunosuppressive, Angiographie 416 
-, late results: Renal carcinoma, Behandlung, Spdt

ergebnisse: Nierencarcinom 205, 206 
-, reactions to contrast media, Behandlung, Kontrast

mittelzwischenfdlle 56 
-, renal injury, Behandlung, Nierenverletzung 306 
-, renal tuberculosis, Behandlung, Nierentuberkulose 

256 
-, side effects, stone induction, Behandlung, Neben

wirkungen, Steinbildung 127 
tropac, triabrodil, structural formula, Tropac, Tri

abrodil, Strukturformel 44 
tuberculosis, contraindication for pyelography, Tuber

kulose, Kontraindikation zur Pyelographie 42 
-, excretion of contrast medium, Tuberkulose, Kon-

trastmittelausscheidung 250 
-, of kidney, Tuberkulose, Niere 238, 239-259 
-, -, shrinkage, Tuberkulose, Niere, Schrumpfung 95 
-, renal calyces, stenosis, Tuberkulose, Nierenkelche, 

Stenose 213 
-, renal pelvis, advanced, Tuberkulose, Nierenbecken, 

fortgeschrittene 247 
-, uretritis, different types, Tuberkulose, Uretritis, 

Typen 246 
-, urolithiasis, Tuberlculose, Steinkrankheit 127 
tubular backflow, Tubuldrer Ruckfluj3 398 
tubular ectasia, calcifications, Tubuldre Ektasie, Ver

kalkungen 395 
tubular excretion, contrast media, Tubuldre Ausschei

dung, Kontrastmittel 48 
tubular nephritis, intoxication, Tubuldre Nephritis, 

I ntoxikation 353 
tubular secretion, estimation, Tubuldre Sekretion, 

Bestimmung 82 
tubuli contorti, reabsorption of water, Tubuli contorti, 

Ruckresorption von Wasser 48 
tumor, urethra, Tumor, Urethra 485 
tumor vessels, renal carcinoma, Tumorgefdj3e, Nieren-

carct110m 187 
tumors, renal pelvis, Tumoren, Nierenbecken 212-218 
-, renal, ureteric, Tumoren, N iere, Ureter 176-223 
-, retroperitoneal, differential diagnosis, Tumoren, 

retroperitoneale, Differentialdiagnose 207 

tumors, retroperitoneal, displacement of kidneys, Tu
moren, retroperitoneale, Verlagerung der N ieren 13 

-, ureteric, Tumoren, Ureter 218-223 
-, urinary bladder, Tumoren, Harnblase 451-461 

ulceration, renal papillae, tuberculosis, Ulceration, 
Nierenpapillen, Tuberkulose 240 

ultrafiltration, glomeruli, Ultrafiltration, Glomeruli 48 
uremia, heterotopic excretion of contrast medium, 

Urdmie, heterotope Kontrastmittelausscheidung 51, 
53 

uremic lung edema, Urdmisches Lungenodem 346, 
348 

ureter anomalies, Ureter, Anomalien 112-115 
-, blind, Ureter, blind endender 89 
-, carcinoma, bilateral, Ureter, Carcinom, doppelsei-

tiges 221 
-, coagulum, Ureter, Coagulum 41 
-, compression, urography, Ureter, Kompression, 

Urographie 58 
-, contrast urine jet, Ureter, "Kontrastmittel-Jet" 

61 
-, course, Ureter, Verlauf 35, 36 
-, dilatation, Ureter, Dilatation 318 
-, -, stasis, Ureter, Dilatation, Stase 156 
-, displacement by aortic aneurysm, Ureter, Verla-

gerung durch Aortenaneurysma 37, 424 
-, diverticula, Ureter, Divertikel 424 
-, double, Ureter, doppelter 87, 88 
-, double, "ratrogenic" trauma, Ureter, doppelter, 

"ratrogenes" Trauma 296 
-, endometriosis, Ureter, Endometriose 424 
-, fissus, Ureter, fissus 90 
-, fistula, Ureter, Fistel 430, 431 
-, iliac artery, point of intersection, Ureter, A. iliaca, 

Treffpunkt 35 
-, implantation metastases, Ureter, Implantations

metastasen 192 
-, impression by osteophyte, Ureter, Impression durch 

Osteophyt 37 
-, impression by renal arteries, Ureter, Impression 

durch Nierenarterien 38, 39 
-, injuries, Ureter, Verletzungen 287-308 
-, instrumental injuries, Ureter, instrumenteUe Ver-

letzungen 297 
-, kink, supplementary renal vein, Ureter, Kniclcung, 

Nierenvene 325 
-, kymography, cine-radiography, Ureter, Kymogra

phie, Cineradiographie 27 
ureter lesions, pyelography, Ureter, Ve'rletzungen, 

Pyelographie 26 
-, ligation, anuria, Ureter, Unterbindung, Anurie 

330 
-, -, caliber of renal artery, Ureter, Unterbindung, 

Kaliber der Nierenarterie 169 
-, mega, Ureter, Mega 340, 341 
-, narrowing, incomplete filling, Ureter, Einengung, 

unvollstdndige Fullung 27 
-, obstruction, Ureter, Obstruktion 220 
-, -, angiography, Ureter, Obstrulction, Angiogra-

phie 166 
-, -, bladder carcinoma, Ureter, Obstrulction, Bla

sencarcinom 331 
-, orifice, anatomy, Harnleiter, Orificum, Anatomie 

36 
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ureter lesions, orifice, cystitis, Ureter, Ostium, Cystitis 
61 

-, -, ectopia, Ureter, Ostium, Ektopie 114 
-, papilloma, incipient malignancy, Ureter, Papillom, 

beginnende Entartung 220 
-, papillomatosis, Ureter, Papillomatose 212 
-, peristalsis, Ureter, Peristaltik 37 
-, plain radiography, Harnleiter, Leeraufnahme 8 
-, prolaps, Ureter, Prolaps 423 
-, -, differential diagnosis, Ureter, Prolaps, Differen-

tialdiagnose 421 
-, pyelography, Ureter, Pyelographie 26 
-, reflux, urography, Ureter, Reflux, Urographie 

490 
-, renal vessels, obstructing flow in the ureter, 

Ureter, Abfluj3storung durch Nierengefaj3e 329 
-, retro-caval, Ureter, retro-cavaler 112 
-, roentgendiagnosis, Ureter, Rontgendiagnose 1 
-, small bowel-fistula, Harnleiter, Diinndarm-Fistel 

28 
Harnleiter, siehe Ureter 
Harnriihre, siehe Urethra 

-, stenosis, Ureter, Stenose 427 
-, -, after radiotherapy, Ureter, Stenose, nach Strah-

lentherapie 375 
-, -, tuberculosis, Ureter, Stenose, Tuberkulose 247 
-, stone, abscess, Ureter, Stein, Abscej3 383 
-, -, absence of demonstrable concrement, Ureter, 

Stein, fehlender Nachweis 157 
-, -, differential diagnosis: Phlebolithe, Ureter, Stein 

Differentialdiagnose: Phlebolith 17 
-, -, hematuria, Ureter, Stein, Hamaturie 164 
-, -, mechanism of passage, Ureter, Stein, Mechanis-

mus der Passage 157, 160 
-, -, plain radiography, Ureter, Stein, Leeraufnahme 

147 
-, -, projected into bone, Ureter, Stein, auf Knochen 

projiziert 150 
-, -, technique demonstrating, Ureter, Steinnachweis 

Technik 132 
-, stones, diagnosis, Ureter, Steine, Diagnose 121 
-, -, disappearance, Ureter, Steine, Verschwinden 

134 
-, -, perforation, Ureter, Steine, Perforation 135 
-, stump, after nephrectomy, Ureter, Stumpf, nach 

N ephrektomie 250, 429 
-, tumors, Ureter, Tumoren 218-223 
-, valve, Ureter, Klappenbildung 114 
ureteric artery, pathologic vasculature, renal pelvis 

carcinoma, A. ureterica, pathologische Gefaj3e, Nie
renbeckencarcinom 219 

ureteric diverticulum, urography, Ureterdivertikel, 
U rographie 90 

-, differential diagnosis: Blind ureter, Ureter, Diver
tikel, Differentialdiagnose: Blind endender Ureter 
90 

ureteric orifice, carcinoma, Ureter, Ostium, Carcinom 
458 

-, ectopic, Ureterostium, ektopisches 88 
-, tuberculosis, Ureter, Orificium, Tuberkulose 247, 

248 
ureteric stricture, after ureterolithotomy, Ureter, 

Striktur, nach Ureterolithotomie 147 
ureteritis, after ureterolithotomy, Ureteritis, nach 

Steinentfernung 147 

ureteritis, tuberculous, different types, Ureteritis, 
tuberkulose, Typen 246 

ureteritis regionalis, Ureteritis regionalis 426 
ureterocele, Ureterocele 340, 421-423 
-, stone, Ureterocele, Stein 124, 144 
-, ureteric prolaps, differential diagnosis, Ureterocele, 

Ureterprolaps, Differentialdiagnose 421 
ureterolithiasis, Ureterolithiasis 115-176 
-, fibrolipoma tosis, Ureterolithiasis, Fibrolipomatose 

374 
ureterolithotomy, ureterolithiasis, U reterolithotomie, 

Steinkrankheit 146 
ureterosigmoidostomy, gas filling of renal pelvis, 

U reterosigmoidostomie, Gasfiillung des N ierenbek
kens 392 

ureterostomy, spontaneous gas pyelogram, U retero
stomie, spontanes Gaspyelogramm 391 

ureters, hose-shoe kidney, Ureteren, "Hufeisenniere" 
104 

urethra, anatomy, Harnrohre, Anatomie 439, 441 
-, anomalies, Urethra, Anomalien 476 
-, diverticula, Urethra, Divertikel 477 
-, double, Urethra, doppelte 477 
-, ectopia of ureteric orifice, Harnrohre, Ektopie des 

U reterenorificium 114 
-, roentgen anatomy, Urethra, Rontgenanatomie 437 

441 
urethra siehe Harnriihre 
-, stricture, Urethra, Striktur 473, 481 
-, tumors, Urethra, Tumoren 485-487 
urethral valves, Urethra, Klappen 478 
urethritis, Urethritis 480 
urethrocystography, children, Urethrocystographie, bei 

Kindern 333 
-, cystoureteric reflux, Urethrocystographie, Reflux 

488 
-, ectopia, of ureteric orifice, Urethrocystographie, 

Ektopie des Ureterenostium 114 
-, normal, Urethrocystographie, normale 438 
-, technique, contrast medium, Urethrocystographie, 

Technik, Kontrastmittel 435 
-, tuberculosis, Urethrocystographie, Tuberkulose 

249 
urinary bladder, angiography, Harnblase, Angiogra

phie 444 
-, anomalies, Harnblase, Anomalien 446 
-, contracted, with ureter dilatation, Harnblase, 

Schrumpf-, mit Ureterdilatation 250 
-, diverticulum, Harnblase, Divertikel 425 
-, ectopia of ureteric orifice, Harnblase, Ektopie des 

U reterenostium 114 
-, fistulae, Harnblase, Fisteln 469 
-, impression. abscess, Harnblase, Impression, Abscej3 

383 
-, infection, Harnblase, Infektion 449 
-. micturition, Harnblase, Miktion 437, 441 
-, papillary carcinoma, Harnblase, papilldres Carci-

nom 215 
-, papilloma, Harnblase, Papillom 451, 456 
-, papillomatosis, Harnblase, Papillomatose 212 
-, plain radiography, Harnblase, Leeraufnahme 8, 

433 
-, roentgen anatomy, Harnblase, Rontgenanatomie 

436,441 
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urinary bladder, stones, Harnblase, Steine 438, 466 
-, stones, chemical composition, Harnblase, Steine, 

chemische Zusammensetzung 115 
-, -, filling defects, H arnblase, Steine, Fiillungsdefekte 

125 
-, trauma, Harnblase, Trauma 461-464 
-, tuberculosis, Harnblase, Tuber7culose 248 
-, tumors, Harnblase, Tumoren 451---461 
-, ureterocele, Harnblase, Ureterocele 423 
-, urethral carcinoma, Harnblase, Harnleiter-Carci-

nom 486 
-, vagina-fistula, Harnblase, Scheiden-Fistel 465 
urinary calculi, chemistry, Harnsteine, Chemie 

116 
urinary pathways, physiology, motility, Harnwege, 

Physiologie, M otilitiit 27 
urinary stasis, atrophy of renal parenchyma, Harn

stauung, Atrophie des Nierenparenchyms 167 
urinary stones, non-opaque, socalled, Harnsteine, 

"rontgen-neyative", sogenannte 125 
urinary tract, anomalies, multiple, Harntrakt, Ano

malien, multiple III 
-, calcifications, Harnwege, Verkalkungen 17 
-, concrements, etiology, Harnwege, ableitende, Kon-

7cremente, Atologie 128 
-, concrements, surgery, 

Harnwege, Kon7cremente, 
suchung 135 

roentgen examination, 
Operation, Rontgenunter-

-, dilatation, causes, Harntra7ct, Dilatation, Ursachen 
308, 329, 333 

-, distal part, roentgen diagnosis, Harntrakt, distaler 
Teil, Rontgendiagnose 433-492 

-, gas within, Harntrakt, Gas im 390-393 
-, indications for examination, Harntrakt, Indika-

tionen zur Untersuchung 4 
-, leukoplakia, Harntrakt, Leu7coplakie 428 
-, lower, Phyelonephritis, Harntra7ct, unterer, Pyelo-

nephritis 367 
-, plain radiography, Harnwege, Leeraufnahme 8 
-, retroperitoneal masses, displacement, Harntrakt, 

retroperitoneale Tumoren, Verlagerung 13 
-, urolithiasis, H arntra7ct, Steinkrankheit 115-176 
urografin, protein-binding capacity, Urografin, Pro

tein-Bindungskapazitiit 51 
urogram, contrast density, Urogramm, Kontrastdichte 

48,49 
-, double kidney, pyelonephritis, Urogramm, Doppel

niere, Pyelonephritis 367, 368 
-, excretory, technique, Urogramm, Ausscheidungs-, 

Technik 58 
-, jugment of renal function, Urogramm, Beurteilung 

der Nierenfunktion 50 
urography, 20% of the genetically significant dose, 

Urographie, 20% der genetisch signifi7canten Dosis 
4 

-, absent excretion, ureteric concrement, Urographie, 
fehlende Ausscheidung, Ureterkonkrement 168 

-, after bilateral pyelostomy, Urographie, nach dop
pelseitiger Pyelostomie 148 

-, after operative removal of stone, Urographie, 
nach Steinentfernung 147 

-, angiolipoma of kidney, Urographie, Angiolipom 
der N iere 202 

-, back flow phenomenon, Urographie, Riic7cfluj3-
phiinomen 397, 398 

urography, bilateral renal carcinoma, Urographie, 
bilaterales Nierencarcinom 194 

-, blind ureter, Urographie, blind endender Ureter 90 
-, calyceal cysts, diverticula, Urographie, Keloh-

cysten, Divertikel 91, 92 
-, changes at appendicitis, Urographie, Veriinde

rungen bei Appendicitis 157 
-, check examinations, Urographie, Serienuntersu

chungen 63 
-, contrast media, Urographie, Kontrastmittel 42 
-, cyst rupturing into renal pelvis, Urographie, 

Cystenruptur in das Nierenbecken 227 
-, differential diagnosis: Intra-, extraperitoneal 

masses, Urographie, Differentialdiagnose: Intra-, 
extraperitoneale Tumoren 13 

-, -, Phlebolite, ureteric stone, Urographie Diffe
rentialdiagnose: Phlebolith, U reterstein 17 

-, double kidney, non-opaque stone, Urographie, 
doppelte Niere, nichtschattengebender Stein 137 

-, during renal colic, Urographie, wiihrend einer 
Nierenkolik 150 

-, ectopia of ureteric orifice, Urographie, Ektopie des 
Ureterenostium 114 

-, embryoblastoma, 
198 

Urographie, Embryoblastom 

-, examination technique, U rographie, U ntersuchungs
techni7c 57 

-, excretion of contrast medium, Urographie, Kon
trastmittelausscheidung 48 

-, filling of gallbladder, Urographie, Fiillung der 
Gallenblase 51, 53 

-, heterotopic excretion of contrast media, Urogra
phie, heterotope Kontrastmittelausscheidung 50 

-, horseshoe, Urographie, Hufeisenniere 104, 105 
-, horseshoe kidney, stones, Urographie, Hufeisen-

niere, Steine 120 
-, indication, renal injury, Urography, Indikation, 

Nierenverletzung 287 
-, infusion, technique, Urographie, Infusions-, Tech

nik 62 
-, intrarenal kidney pelvis, Urographie, intrarenales 

N ierenbecken 99 
-, malrotation of kidney, Urographie, Drehungsano

malien der N iere 98 
-, mobile kidneys, Urographie, bewegliche Nieren 12 
-, multicystic kidney, Urographie, polycystische Nie-

rendegeneration 94, 235 
-, myeloma, Urography, Myelom 55 
-, negative, renal carcinoma, Urographie, negative, 

Nierencarcinom 183 
-, non-opaque stones, Urographie, nichtschattenge

bende Steine 136 
-, papillary necrosis, Urographie, Papillennekrose 

370 
-, pelviureteric junction, Urographie, Nierenbeclcen

abgang des Ureters 34 
-, postoperative, after anuria, Urographie, postope

rative, nach Anurie 330 
-, -, hydronephrosis, Urographie, postoperative, 

Hydronephrose 321 
-, pregnancy, Urographie, Schwangerschaft 334,336 
-, preparation with enema, Urographie, Vorberei-

tung mit Einlauf 7 
-, pyelogenic cyst, stone formation, Urographie, 

pyelogene Cyste, Steinbildung 131 
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urography, pyelography, indication, Urographie, 
Pyelographie, Indikation 42 

-, pyelonephritis, Urography, Pyelonephritis 356-
362 

-, rapid sequence, wash out, Urographie, Sequenz-, 
A uswasch- 285 

-, reflex anuria, Urographie, reflektorische Anurie 
158 

-, reflux, cystoureteric, Urographie, Reflux, Blase-
H arnleiter 490 

-, renal abscess, Urographie, Nierenabscej3 387 
--, renal anomalies, Urographie, Nierenanomalien 86 
--, renal carcinoma, Urographie, Nierencarcinom 

179, 180 
-, -, differential carcinoma, Urographie, Nierencar

cinom, Differentialdiagnose 211 
-, renal colic, extravasation of contrast medium, 

Urographie, Nierenkolik, Kontrastmittelextravasa
tion 405, 408 

---, renal cysts, Urographie, Nierencysten 224 
-, renal ectopia, Urographie, Nierenektopie 101, 102 

-, renal failure after, U rographie, N ierenversagen nach 
55 

-, renal hypoplasia, Urographie, Hypoplasie der Niere 
96 

-, renal insufficiency, Urographie, Niereninsuffizienz 
54 

-, renal tuberculosis, Urographie, Nierentuberkulose 
240, 242 

-, renal, ureteric stones, Urographie, Nieren-, Ureter
stein 136 

-, "silent kidney", U rographie, "stumme N iere" 170 
-, stenosis, pelviureteric junction, Urographie, Ste-

nose, Nierenbeckenabgang 310, 313, 315 
-, to check renal function, Urographie, Priifung der 

N ierenfunktion 166 
-, trauma, Urographie, Trauma 289 
-, tubular ectasia, Urographie, tubulare Ektasie 395 
-, tumors of renal pelvis, Urography, Nierenbecken-

Tumoren 213 
-, ureteric tumors, Urography, Uretertumoren 219 
-, ureterocele, stone, Urographie, Ureterocele, Stein 

124 
-, "water-loaded", Urographie, "water-loaded" 315, 

316 
urokon, protein-binding capacity, Urokon, Protein-

Bindungskapazitiit 51 
-, structural formula, Urolcon, Strukturformel 44 
urolithiasis, Steinlcrankheit, Hamtralct 115-176 

-, cholelithiasis, differential diagnosis, Urolitihiasis, 
Cholelithasis, Differentialdiagnose 155 

-, concomitant diseases, Urolithiasis, Be.gleitlcrank
heiten 126 

-, hyperparathyroidism, Urolithiasis, Hyperpara
thyreoidismus 173 

-, postoperative check radiography, Steinkranlcheit, 
postoperative Rontgenuntersuchung 148 

-, recurrence, Steinlcrankheit, Rezidive 132 
-, roentgen examination in association with operation 

Urolithiasis, Rontgenuntersuchung im Zusammen
hang mit der Operation 135 

urologic roentgendiagnosis, principles of examination, 
U rologische Rontgendiagnose, Grundlagen der U 11'

tersuchung 2, 3 

urologic roentgen examination, preparation of pa
tient, Urologische Rontgenuntersuchung, Vorberei
tung des Patienten 6 

-, radiation dose, Urologische Rontgenuntersuchung, 
Strahlendosis 3 

-, radiation protection, Urologische Rontgenunter
suchung, Strahlenschutz 3 

uromiro, structural formula, Uromiro, Strukturformel 
46 

uroselectanB, structural formula, U1'oselectan B, Struk
turformel 43 

urticaria, induced by contrast medium, Urticaria, 
K ontrastmittelreaktion 56 

variations, arterial supply of kidney, Varianten, ar
terielle Versorgung der Niere 76 

-, multiple renal arteries, Variantcn, multiple Nieren-
arterien 11 0 

-, shape of kidneys, Varianten Nierenform 14 
varices, of kidney, Varicen, Niere 283 
vascular calcifications, calcifications in the urinary 

tract, Gefiij3verlcalkungen, Verlcallcungen im Harn
tralct 17 

-, vascular changes, primary, of kidney, Gefiij3veriin
derungen, primiire, Niere 259 

-, renal anomalies, Gefiij3veriinderungen, Nierenano
malien 107 

-, renal transplantation, Gefiij3veriinderungen, N ie
rentransplantation 415 

-, renal tuberculosis, Gefiij3veriinderungen, NieTen
tuberlculose 255 

vascular impressions, renal pelvis, Gefiij3impressionen, 
N ieTenbeclcen 38, 39 

vascular pedicle, kidney, Gefiij3stiel, Niere 11 
vasopressin, preparation for urologic examination, 

Vasopressin, VorbeTeitung zur urologischen U nter
suchung 7 

venous phase, renal angiography, Venose Phase, Nie
renangiographie 81 

vertebral bodies, renal osteodystrophy, Wirbelkorper, 
renale Osteodystrophie 175 

vesamin, structural formula, Vesamin, Strukturformel 
44 

vesico-ureteric reflux, Harnblase, Ureter, Reflux 368 
vitamin A, deficiency, urolithiasis, Vitamin A, Mangel 
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