HANDBUCH DER MEDIZINISCHEN
RADIOLOGIE

ENCYCLOPEDIA
OF MEDICAL RADIOLOGY

HERAUSGEGEBEN VON - EDITED BY

L. DIETHELM F.HEUCK O.OLSSON K. RANNIGER F.STRNAD

MAINZ STUTTGART LUND RICHMOND/VA. FRANKFURT/M.

H.VIETEN A.ZUPPINGER

DUSSELDORF BERN

BAND /VOLUME XIII
TEIL/PART 1

SPRINGER-VERLAG BERLIN - HEIDELBERG - NEW YORK 1973



RONTGENDIAGNOSTIK
DES UROGENITALSYSTEMS
TEIL1

ROENTGEN DIAGNOSIS
OF THE UROGENITAL SYSTEM
PART1

VON - BY

O. OLSSON

REDIGIERT VON . EDITED BY

O. OLSSON

LUND

MIT 448 ABBILDUNGEN (810 EINZELDARSTELLUNGEN)
WITH 448 FIGURES (810 SEPARATE ILLUSTRATIONS)

SPRINGER-VERLAG BERLIN - HEIDELBERG - NEW YORK 1973



Professor Olle Olsson, M. D.
Department of Diagnostic Radiology
University Hospital
S-22185 Lund 5
Sweden

ISBN-13: 978-3-642-95251-7 e-ISBN-13: 978-3-642-95249-4
DOI: 10.1007/978-3-642-95249-4

Das Werk ist urheberrechtlich geschiitzt. Die dadurch begriindeten Rechte, insbesondere die der Ubersetzung, des Nachdruckes, der
Entnahme von Abbildungen, der Funksendung, der Wiedergabe auf photomechanischem oder &hnlichem Wege und der Speicherung in
Datenverarbeitungsanlagen bleiben, auch bei nur auszugsweiser Verwertung, vorbehalten.

Bei Vervielfiltigungen fiir gewerbliche Zwecke ist gemiB § 54 UrhG eine Vergiitung an den Verlag zu zahlen, deren Hohe mit dem Verlag
zu vereinbaren ist.

© by Springer-Verlag Berlin - Heidelberg 1973. Library of Congress Catalog Card Number 73-14486 . — Die Wiedergabe von Gebrauchsna-

men, Handelsnamen Warenbezeichnungen usw. in diesem Werk berechtigt auch ohne besondere Kennzeichnung nicht zu der Annahme,

daB solche Namen im Sinne der Warenzeichen- und Markenschutz-Gesetzgebung als frei zu betrachten wiren und daher von jedermann
benutzt werden diirften.

Gesamtherstellung: Sellier GmbH Freising

Softcover reprint of the hardcover 1st edition 1973



Preface

In 1962 in the series Handbuch der Urologie — Encyclopedia of Urology — Ency-
clopédie 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 Gdsta Jonsson, Chairman of the Department of Uro-

logy.

Lund, November 1973 OLLE OnssoN
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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, ete., 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, ete., 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 technique, 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 if 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. 7

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 densograms 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/1
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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 distinet 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

1. 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. i

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*
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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 259, 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 mutationsin 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—259, of
examinations had a radiation distribution close to the gonads and that 13—149, 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 209, 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. Tt 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.

SvanN ef al. (1971) made a thorough study of radiation dosage in procedures carried
out in the anglographic 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 fluorography 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.

HI. 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 Clysodrast 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 Clysodrast 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 dragée 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. Coffee 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 9, 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 (Macnusson, 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 Lirsa and WAHREN (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 (CorrLix and Root, JuTrRAs 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 9 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 ef 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 ef 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 Kosexow (1955). He gives chil-
dren 100—250 cm? 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
ArreN 1952, BErRG 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 of the sinus because of their content of fat. 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

1 “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 (PRTREN, 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 4- 2 s (After Mo&LL)

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 Mo#LL)

The posterior surface of the kidney is usually situated 5—9 cm 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. 1a, 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 4 2 s.
(After Mo#rL)

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 (HrcEDTS, 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 of the 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 renal fascia 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-

Tig. 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; Huss, 1939; Bacox, 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.¢. 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).

KEraTs (1931) in a large material found increased mobility of the kidneys in 18 9/ of
women and 1 9%, of men and CaMpBELL (1967) stated that 90 9/ 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 9, versus 15 9%, 5 9, bilateral) (THomMPsoN 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 (PrRaATHER,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 Cooxk ef 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. 7a, b).

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

right 12.9 (0.80) X 6.3 (0.45) right 12.3 (0.79) X 5.7 (0.46)

males {left 13.2 (0.49) X 6.3 (0.49) females {left 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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Fig. 8. Diagram for estimation of kidney weight from area of kidney in roentgenogram. Thin borderlines represent
2 s (After MoELL)
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The size of the kidneys was not found to vary appreciably with body build (stature,
body weight, m? body surface, and area of vertebra Ly, as measured in the roentgenogram).
On the basis of angiographic studies HEcEDTs (1971) has made an investigation of
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Fig. 9. Classification of the kidneys according to the roentgenologic volume. Average value of right kidney =
295 cm? (open fields), of left kidney = 311 cm? (hatched fields) (Hegen{s 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 9. 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 cm

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, ete.
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 ¢s wrong to undertake roentgen examination of the
urinary tract with contrast medium without previous, careful plain roentgenography.

I1. 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/1
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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 Ruiz 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 Coccur, 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/,—11/, liters. 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 (Ganpint and GiBa, 1954; GIRAUD et al., 1956,
ete). It is not necessary but may on occasion be helpful. Transverse-section tomography

Fig. 11. Schematic drawing (after Ruiz R1vas) illustrating relation between retrorectal-retroperitoneal connec-
tive tissue space and renal fascia

may also be used. Abdominal angiography has been performed in association with this
examination method (GoopwiN 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 ENcELKAMP (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 Hopson, 1958). The advantage of this procedure is that the needle is held more firmly
in position. Another modification is presented by Lanpes 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%



20 Orpe Orsson: Roentgendiagnosis of the kidney and the ureter

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 Br.axp
(1958).

Hazards. 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 (Copr and ScHATZKI, 1939). RU1z R1vas’ 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 SMmIiTH (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 ef al. (1947) observed in animal experiments that in this posture no air
trap arose in the right ventricular outflow tract.

Raxsowm 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 ef al. in 1957 and
GROSSE-BROCKHOFF ¢f 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.

METzZLET ef 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. CooNEY ef al. (1955) described a
case of complete tilting of the kidney, which rotated 90° 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 Porvar and
BracaToN (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 SmrTH (1955) gave the following planimetric values: for the right suprarenal 2—7,8 cm,
with a mean of 4.2 em?, and for the left suprarenal 2—8.7 cm?, with an average of 4.3 cm?2.
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
(JacmES; FrRANCOIS, 1932) or thin cassettes made particularly for the purpose (BENJAMIN,
1931; PuievERT 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,
OrLE Orsson (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 em. 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 em. 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 veryflexible. In other words it isan easily sterilizable, conven-
ient and flexible cassette with intensifying screens. The cassette has been dimensioned
to suit a standard-sized film 9 X 12 em (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
(FraNco1s, 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 ef 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) Contrast 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 backflow 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



26 OLLE Orsson: Roentgendiagnosis of the kidney and the ureter

has been suggested (Kramr, 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. Thisholds for every type offluoroscopy, also when an image
intensifier is used. Advertisements of manufacturers and the technique of less 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 useof transportable image intensifiers, Kockum efal.(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 sttu 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; PrEVOT, 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.

Tt 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 mm/Hg (KmL, 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 BErRNING (1950), DavIs (1950), NARATH (1951) and KL
(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 ¢.e. more ventral than
the lateral (Fig. 16). The confluence is therefore situated further ventrally than the rest
of the 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 ete. 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 of this 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 RisBInG (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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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 réle 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.

¢) Roenigen anatomy

The discussion of the 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 4~ stem of calyx #- 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 JounssoN 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 (Luvpwia, 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 of the 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 microcalyx
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 distinetly 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 musecle fibers in the
kidney pelvis. At the base of the calyces the circular direction dominates; at the pel-
viureterie junction there is one circular and one more longitudinal layer with continuity

3 Handbuch der med. Radiologie, Bd. XIII/1
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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; ¢) 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 in the pelviureteric
junction (Lupwig, 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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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 1!/, inches from the spina ischiadica both cranially and ventrally,
and that the ureter nowhere in its course comes near the spine (WapsworTH and UBHLEN-
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 andjor infiltrate the ureter (Fig. 30). Super-

Fig. 28 Tig. 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 (K1, 1957).
Juriax and GrBBA (1957) state that the average speed of the peristaltic wave varies be-
tween two and six em 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 (MELoHIOR 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”” ete. 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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ymetimes a combination of the edge of the parenchyma and vessels. Common to most
f these changes is the fact that they can be observed when the renal pelvis is not completely
lled, 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

Fig. 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
anomalous 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 (BririNg, 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, ¢) urography in end phase of angiography.

Influence on ureter of anomalous veins from caudal part ofleft kidney. 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 ob-
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 FLORENCE, 1947; WICKBOM,
1954; Frovyp 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 percutaneous 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) Contraindications

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 (Broom
and RrcHArDSON, 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 ef 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 with
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, produce
evidence both for and against either alternative. Suffice it here to say that limitation o
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 important
diagnostie tool in the management of urologic problems. The method is based on the
capacity of the kidneys to clear the blood of certain crystalline substances in which, fos
the purpose of urography, two or three iodine atoms have been incorporated in the
molecule, and which are concentrated in the kidneys because of their reabsorption o
water.

a) Contrast media

Most contrast media for urography contain two or three iodine atoms per molecul¢
bound to a pyridine or benzene ring. All of the media contain a carboxyl group to make
them water-soluble. As a rule, the carboxyl group is attached directly to the ring, but ¢
CH,-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-grouj
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-ditodo-4-pyridone-2,6-dicarbon in acid is used in the form of the di-sodium salt.

Structural formula

(0]

J/ N
NaOOC\N JCOONa

|
CH,

Molecular weight ITodine content
492.9 51.5 %

Official names:

Sodium Iodomethamate USP

Todoxyl BP

Trade marks:

Uroselectan B, Schering AG,

Neo-Iopax, Schering Corp.,

Uropac, May & Baker,

Urombrine, Dagran,

Urumbrine, Boots

Pyelectan, Glaxo

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

0
o

|l J
1TT _/CH,CH,0H a)
CH,COOH - NH

\CH CH OH
0
[l
AV avd
L )
‘ _/CH,CH,4 b)
CH,CO0H - NH
\CH,CH,
0
A

[\

N/ ¢
| CH,CHa, )
CH,COOH - NH

NcH,cH,”
i
N

)

N CH d)

| A

CH,CO0H - NH

\CH,(CHOH), - CH,0H

Molecular weight Iodine content
a) 510.1 49.8%
b) 478.1 53.1%
c) 492.1 51.69%
d) 600.2 42.39%,
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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-Ténébryl, Guerbet,
Nosydrast, 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,

¢) 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 glucamine salt.

Structural formulas :

J

(( \NHCOCH,
J VY J a)

I
COONa
J

/\>NH000H3

J

23

N CH, b)

|
COOH - NH

\CH,(CHOH), - CH,0H

Molecular weight Todine content
a) 578.9 65.8 9%

b) 752.1 50.6 9
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.
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IV. 3.5-Diacetylamino-2,4,6-trtiodobenzoic acid is used in the form of the sodium and methyl glucamine salt.

Structural formulas :

J
CH,CONH/” |NHCOCH3
IN T a)
|
COONa
J
CH,CONH~ |‘NHCOCH3
IN A
| /CH3 b)
COOH - NH
\CH,(CHOH),CH,0H
Molecular weight Todine content
a) 635.9 59.9 %
b) 809.2 47.1 %

Official names :

Diatrizoate Sodium NND
Acidum amidotrizoicum NFN
Trade marks :

a) Hypaque Sodium, Winthrop-Stearns,
Hypaque, Winthrop
a + b) Urografin (10a - 66b), Schering AG,
Renografin (10a + 66b), Squibb,
Hypaque M (1a + 2b), Winthrop.
Angiografin, Schering AG.

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

J
CH,;CH,CONH ~ ‘NHCOCHZCH:;
I
|
COONa
Molecular weight Todine content
663.9 57.4 9

Official name:
Sodium diprotrizoate NNR,

Trade mark:
Miokon Sodium, Mallinckrodt.

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

J

CH,CONH, /|  CONHCH,

\ a)

3 \| g
COONa

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
I
CH,CONH, | _/CONHCH, )
3 \| N cH,
COOH.NH
\CH,(CHOH),CH,;0H
Molecular weight Iodine content
a) 635.9 59.99%
b) 809.2 47.19%

Official names:
Acidum iotalamicum rJNN
Jodtalaminum NFN

Trade marks:

a) Conray Mallinckrodt
Angio-Conray

b) Conray Meglumin

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

J
CH3CONH\ CH,NHCOCH,

\J

COONa

a)

CH,CONE /CI-IZNI-ICOCH,,

< b)
/ 8

COOI—I NH
CH,(CHOH),CH,0H

Molecular weight Iodine content
a) 649.9 58.6 9%
b) 823.2 46.3 %

Official names:
Jodamidum rJNN

Trade marks:
a) Uromiro 300, Bracco

a + b) Uromiro 380 (10a + 61b)

VIIL. 3-Acetamido-2,4,6-tritodo-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:
T
CH,CONH NCOCH.

37 | Ng
COONa
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g CH,
L
CH,CONH NCOCH,
: N/ ‘/ ° b)
NNy /CHy
COOH-NH
\CH,(CHOH),CH,0H
— t‘T ?Hs 2
CH3CONH\ Y, /NCOCH3
| Ca?t c)
NN
L (o[0]0)
— 5 (Ing 20—
CH,CONH, /|\ _/NCOCH,
1 Mg2+ d)
37 N\
L Co0
Molecular weight Iodine content
a) 649.9 58.6 %
b) 823.2 46.3 %
c) 1 293.9 58.8%
d) 1 278.1 59.6 9

Official names:
Acidum metrizoicum NFN
Natrii metrizoas p INN

Trade marks:

a+c-+d) Isopaque (27.6a + 1.4c + 1d), Nyegaard & CO. A/S
Ronpacon (27.6a + 1.4¢ 4+ 1d), Cilag-Chemie AG
Triosil (27.6a + 1.4c¢ + 1d), Glaxo

b+ ¢) Isopaque Cerebral (52.3b + lc), Nyegaard & CO. A/S
Ronpacon 280 (52.3b + 1c¢), Cilag-Chemie AG

a+b+c) Isopaque Coronar 9a + 58b + 1c¢) Nyegaard & CO. A/S

a + b + ¢ + d) Ronpacon 370 (28a + 38.8b + 1,4¢ + 1d), Cilag-Chemie AG
ev. (10a 4+ 65b + 1,1¢)

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 of the 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) Ezxcretion of contrast mediuwm during urography

Contrast media used for urography are excreted in the urine. About */,—1 liter of
urine is produced per day, which implies that each kidney excretes !/,—!/, ml per minute.
The excretion may increase somewhat during urography because of the 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
Bex~ES 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.
Keatres (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 TupvaDp, 1949). It has been pointed out by NoGrADY
and ScorT-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 of little 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, 7.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 Ebprixg
et al. (1954). An increase in the intrapelvic pressure can also increase or impair the exeretion
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 of the 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 der med. Radiologie, Bd. XIII/1
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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 MiNnDER (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 ef 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 O1ssoN, 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 9%, 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 Ravasint (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 ef al. (1962), the more strongly protein-bound contrast
mediaappeartobeexcreted preferentially in the bile. In thetrilodobenzoate 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 Chole-
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 ef 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.
SrEeALL (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 any one 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. Dawsox 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 9, respectively
in the urine, and 2.2 and 4.8 9 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 of the 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 thegallbladder 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 Orssow, 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 (Scrortz, 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 Jodipamide and Diatrizoate under hemodialysis. With regard to the high degree
of protein binding of Jodipamide 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.

¢) 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 fiuids 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 9, 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

Tig. 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 (OrLLE
OrssoN 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
suceess.

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, SCEWARTZ
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 of these 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 ef al. (1968) presented a study of 161 cases with serum creatinine ranging from
0.9 to 5.5 mg 9. Urography was performed with the injection of 40 ml of Urografin 60 9.
Diagnostically useful urographic examinations were obtained in all cases with serum
creatinine below 1.6 mg %, in 90 9, 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 9%,. In one patient
with a creatinine of 13.6 mg 9, the urography was good enough to exclude obstruction
on both sides. FurTox 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 ef al. (1971) in 225 cases with serum creatinine
over 1.6 mg 9, 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 9, 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.

KrLsey 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 of less 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
(Prrray 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 Sancrrz 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 of the objective urinary findings, e. g.
proteinuria. Urography may then be followed by acute or gradually inecreasing anuria
(HormaN, 1939; BARTELS ef al., 1954; KitMANN ef al., 1957; PERILLE and Coxw, 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.

Mvers 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
gshould 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
Hormax (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) Reactions®

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 Bour~E (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-scaleinquiries in the United States into deaths oceurring 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. Toxnrtoro (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 the
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 hypez-
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.

Arvea and Harxes (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

tates, 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 injection of a test dose.
Another case of death following intravenous injection of 1 ml contrast medium has been
described by PAYNE ef al. (1956). T 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.
Tt 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 ef al., 1949) or by adding a
small amount of antihistamine to the contrast medium injected (OrLE OLssow, 1951).
Such an admixture has been found to reduce the frequency of reactions but not to
prevent them altogether. GrTzorF (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 509, -+ 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) Hxamination 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 (WorperT, 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 '/; 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 willenhance 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 1 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
contrast 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 (SERvVADIO, 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 Rerse (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/em? (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 BrapLEY, 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 (CarrLsow, 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; MOCcREL, 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 of the 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
ete., 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. 36¢).

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 (WEeENS and
FLorENCE, 1947; VESEY, DoTTER and STEINBERG, 1950. WaALL and Rosg, 1951; DeTAR
and Harris, 1954). VEsEY, DoTTER and STEINBERG (1950) injected 50 ml 70 9 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 EpLiNng, 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

c

Fig. 36. 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. ¢) 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 execretion, 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 of the method. All this makes individual variation of the examination
technique necessary. All standardization and lasssez-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 ukilization of all the possibilities of the method.

Modifications of wurographic 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 (SOCHENKER, 1964) is 1 cc of contrast medium per pound
mixed with 1 ec per pound of 59, dextrose in water. The minimum adult doseis 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 wvalue of drip-infusion urography (see, for example,
Virr and BUuRGHER, 1966; LENSON ef 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 (AmpraTz, 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. 1f 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 1} 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 pos
SanTos, Lamas and CALpAS 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 (BowssexN, 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. Aortie 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
1t 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. pos
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 em 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 PrrrcE in 1953. He punctured the femoral artery with a wider needle and
passed a catheter via the lumen of th 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
CutrLAr (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 any one of the branches of the aorta.

The percutaneous method is to be preferred. OpMAN (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.

Epmory 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.

GorLMANN (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

5 Handbuch der med. Radiologie, Bd. XIII/1



66 OLLE OrssoN: Roentgendiagnosis of the kidney and the ureter

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 79, 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 Onix (1963), Lupix (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 beused alone in most cases where thereisreason
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 cm? At selective technique
the dose can be kept very low, from 3—8 ce, and injection pressure at 2—214 kg per cm?.
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 LinpBL.OM
(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

5*
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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 econtrast 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 pos 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 Marur and McCovy (1955). A method wusing
reduction of the blood pressure to secure the important nephrographic phase based
on WickBOM’S observations referred to above has been described by LiNDerEN (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 OrssoxN, 1955). Further cases have been described (LANDELIUS,
1955; Brra, 1956; EpLiNne 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 9%, and a mortality rate of 0.289%,. 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 509, solution had been used under otherwise
identical conditions. In an experimental investigation IpBoHRN and BEra (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 109, and 17.59, 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 Wipgx (1958)
verified the patho-anatomic findings of IDBOERN and Berg.

The tri-iodine contrast media have been studied in the same way (BErRa, 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 509, concentration was also followed by
renal injury. Control experiments with Umbradil in 17.5 9, 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 IpBoERN and NOR-
GREN it was shown that renal blood flow was not affected by the best tri-iodine media
(see OLLE Orsson, 1961).

In an investigation by EpLine ef 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 (LaAssEr et 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 Bere,
IpBOHRN & 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 LaAssEr
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 Kauvpe and NorDENDFELT (1971).

Using a very sensitive kinetostatic method, the Colcemid method, EvENsENand 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 9, of the tubular cells and a dose of 100 ml would kill 99, 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 ml. For lean patients
we use 60 9, solution, for obese patients, 76 9,.

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
oceur 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
(Gayris and Laws, 1956; BoBLITT ef 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 ef al., 1957 ; HARE, 1957). The tolerance
of the spinal cord to contrast medium has been studied by Hor and SRIERVEN (1954).
They claim that examination of animals insupine position favorsdamage to thespine because
the contrast medium is heavy and will therefore flow dorsally. Taraz1 ef 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 deseribed by GirL ef al. (1972). The authors report a production of marked stenosis of the
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 HrEGEDUs (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 Epsmax (1957)
and studied experimentally by Eprine¢ 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.
Lopin 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-embolism 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 limitedextent. Great care shouldneverthelessbetaken toavoid thrombo-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 SCHLOSSMAN, 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 ForiN 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.
. Hematoma at puncture site of considerable size (1 operation necessary) 5
. More than 1° rise in temperature 6
. Intimalesion 5

Thrombosis in femoral vein 2
Embolia pulm. 1
Perforation of artery wall 1
. Broken guide wire 2
Coagulum in renal artery 1
. Thrombosis in femoral artery 1
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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 ef 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 uneritical 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, 7. 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 9, of all cases the
artery divides after it has entered the hilum (Hou-Jexsew, 1929). It may, however,
divide earlier and in 20—40 9, two renal arteries occur on either side (PorrRIER 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 desecribed as being divid-
ed into 5 segments, apical, upper, middle, lower, posterior, each of which is supplied
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by its own artery without collateral circulation (GravEes, 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 9%, and 1 9, respectively
(HeELLSTROM, 1928, BERGENDAL, 1936). It should be observed that the arborization does
not coincide with the lobation of the kidney (SmrTHUIS, 1956). It may be very irregular,
one branch, for example, dividing within the hilum and running to both poles (CEHrAUDANO,
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 angiographie findings. From this starting
point Bo1ssex (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 LOorerREN (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 Borssex)

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 309, 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.
Hrcrpts 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 9, of cases the renal arteries and their primary branches run a some-
times markedly tortuous course around the kidney pelvis. Two primary branches were

Fig. 42. Schematic illustration of segmental distribution of ventral and dorsal branch of renal artery

found in approximately 709, of the kidneys examined, three primary branches in 20 9/,
and four primary branches in 10 9. In less than 50 9, 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 9, 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.

Hrgep s 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 111 — 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

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—S8.

Middle capsular arteries: recurrent (7) and perforating (8) arteries. 9. Pelvic arteries. 10. Ureteric arteries (ven-

tral and dorsal). 11. Internal spermatic artery. 12. Inferior capsular artery, which together with the superior

capsular artery forms ‘1" arcade exorénale” (SCHMERBER). Occasionally, although rarely, the inferior capsular
artery departs from the renal artery. (After Borssen)

the caliber to decrease with increasing age. In a clinical material Epsman (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 (Borssew, 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 fluorography and radiography.

b) Nephrographic 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 Eprine 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. Borin (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
Borin finds this to be comprised of three components: one, the cortical vascular bed
together with the intra-renal veins contains contrastmedium which leavesthekidneyatarate
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, Borix
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 of the 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 lobation can also be seen. The
hilum varies considerably in shape.
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HeceEpUs (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 Kina 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.

¢) 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, ete.

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 of the 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 Orin and
GoraLIN (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 Handbuch der med. Radiologie, Bd. XIII/1
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¢ d

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, Bo1ssEN 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), ELxIN and
Mene (1965), CEVoIRA 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 (KarN and Wisg, 1967;
BrCkER et al., 1967).

ERELUND ef 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 Erxin and MEeng (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 ABrawms (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 ExErLunD (1973).

V. Renal phlebography

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). Gospopinow and Torparow (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 somewhatraised. This position facilitates thefilling
of the renal vein because of the high specific gravity of the contrast medium. After manual
injection of 15—20 cm?® 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 inthe 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 (OriN and REUTER,
1965). Another method is to block arterial flow through a balloon in the renal artery
(JENsEN and Orin, 1971).

In animal experiments BRAEDEL and HEeravi (1972) have used a non-renotropic
contrast medium, Biligrafin forte, for phlebography. As only about 109, 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.

Aspecialtype ofrenal phlebography with catheterization isthat 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 ef 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 casesinvolving 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 ef 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 whetherornot 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
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1. Double renal pelvis

The embryonal renal pelvis has two parts separated by a suleus, 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, theso-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 pyelotymphatic backflow from
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 partofthe renal pelvis mayresemble 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 of the 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
Se1rzMAN 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.

NorpMARK (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 of the 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 thedifferent free ureteric segments. One ormore of the ureters
may be dilatated and emptyectopically. Asa rule, they belong toacomposite kidney, which
may be caudally ectopic (PERRIN, 1927). One ureter may belong to a free supernumerary
kidney (Lav and HENLINE, 1931) or it may be a blind ureter (CEWALIA, 1935). A good
survey of these rare anomalies has been given by GrLL (1925), SPANGLER (1936). A case
of sextuplicitas renum, six functioning kidneys and ureters, was described by Brca (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
(ExcrL, 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 malformationapproaches 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 distinetion 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 distinet 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. The
most important form of anomaly is a cyst. A large number of bewildering names have
been given to these formations, such as cystes urinaires (RAYER, 1841), pyelogenic cyst
(Damm, 1932; LIUNGGREN, 1942), calyceal diverticulum, Kelchdivertikel (ITtkawa and
TaNTO0, 1939; PRATHER, 1941), cyst of the kidney due to hydrocalicosis (WATKINS, 1939),
calectasia (ExgEL, 1947), solitary renal cyst with communication to the renal pelvis
(Natvig, 1941), Kelchzyste (Kscr and HarsEs, 1953), diverticules kystique des calices
(FrY et al., 1951), ectopic calyx (KENT, 1954), ete. 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,
l.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 multicystic 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 RupsTrROM (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 ef 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 musecle 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). Thedefinition 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.

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
(ScEWARTZ, 1936; SPENCE, 1955), is very rare (Fig. 56). Only about 20 cases are represent-
ed in the literature (BARTLEY efal., 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 (DEAK, 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 of renal function
at birth.

It has been pointed out by ABraMs and Kaprran (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 IIT 2h, 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 ef 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 chronie 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 ERSTROM (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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ExstrOM (1955) distinguishes three grades of remal 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 isthisform ofcalyx that isthe most common characte-
risticfeature of so-called hypoplasia. Sometimes the changes closely resemble the anomalies
described by Ask-UpPMARK 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 are 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.

ITI. 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. XTII/1



98 OrLE OrssoN: Reentgendiagnosis of the kidney and the ureter

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 malrotated kidneys. Most malrotated kidneys 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 (Borrsen, 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
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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 moreserious 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 Pacr, 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 BoTsrorD, 1946). Of 97 cases of caudal ectopia THOoMPSON and Pacrk 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.

According to 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.
a (After STAEHLER)

a b c

Fig. 63. Iliac caudal ectopia with marked malrotation. Examination because of recurrent severe pains on right

side. a) Urography: kidney pelvis occupies a ventral, lateral 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. ¢) Nephrogram clearly demonstrates position of hilum. At operation, upper !/, of kidney found to be

pressed between an anterior and a posterior artery 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. ¢) Urography: expansivity represents the upper half of a cranially ectopic left kidney
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Fig. 65b

Fig. 65¢

and BarToxn, 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, ¢.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 caesarcan section may be considered (ANDERSON
et al., 1951).

Ectopia may also be cranial (SpinLANEand PRATHER, 1949). Inthis 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 of the chest. Its passage through the diaphragm is due to migration through the foetal
hiatus pleuroperitonealis, which does not close but persists as adiaphragmaticdefect, 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 (BurLeriN and HormErs, 1955).

Medial dystopiais usually called crossed dystopia. Both kidneys then lieon thesameside
(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 of the nor-
mally situated kidney. In only 79, of the cases is it adjacent to the upper pole (DAVIDSON,
1938). The kidney is also usually malrotated. According to OUDEGAARD (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 ofthe ureters ofadouble 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).

Y. 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
oceurs in caudally ectopic kidneys particularly; therefore pelvie, 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 isabnormal (whichisprobably to beunderstood ashypoplasia)
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 inhorse-shoekidney 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 BoaATMANX ef al. (1972) about 1/; 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.

V1. 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
(O1rrE OrssoN 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
thekidney via the hilum ; wide branchesmay 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 (O1LLE OLssox and
JonNsson, 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 % (McDonNALD 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 tnvestigations

The frequency of multiple arteries is given as 209%,—25 9, in the anatomic literature.
In a series of 2,562 kidneys Hou-JENSEN (1930) found multiple arteries in 22.49%,. 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 SELpowrTscr (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 (GrRAVES, 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 of intrarenally. 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) Angiographic studies

Epsmax (1957) found multiple arteries in 219%, of 1,240 kidneys. After exclusion
of hydronephrotic kidneys the frequency was 209%,. Our material (Borrsew, 1959) consisted
of 638 kidneys, of which 152 (23.89%,) had multiple arteries. After exclusion of hydrone-
phrotic kidneys (64), multiple arteries were found in 20.69,.

Multiple arteries are not seen quite so frequently in angiographic studies as in autopsy
series. According to Bo1JsEN 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).

¢) Level of origin

Of 101 kidneys in our material in which the level of origin of thesupplementary 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 (Bo1JSEN).



Level of origin 109

a b

c d

Fig. 69. Angiography in multiple renal arteries: three arteries to left kidney, a, b, and c. Bach of the three
arteries is catheterized selectively. d) Arterjographic 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 9%, ;
to the lower pole segment 72.5 9.

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 (719%,).

GRAVES, as mentioned, ascribed the high frequency of supplementary arteries to the
lower pole to the fact that in 639, 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. 4+ and —
denote origin of the supplementary artery cranially and caudally respectively to the main artery. (After Bo1sseN)

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 (Bo1ssEn,
1959).

At selective angiography special attention must be given to the possibility of multiple
renal arteries. This can always be checked by examination of the pattern of the 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 Borssen
(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 (LsuNe¢GREN and Epsman, 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., I. 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 ef 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 FrrLTON (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 99, 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-lateral 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 LaverLin (1954). It
is pointed out by ArNE N1r.ssox (1960) that the changes in the size and shape of the 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 Bramwrr, 1971). Occasionally the indentation, displacement and dilatation of the
right ureter may resemble changes caused by the retro-caval ureter.

Ment, (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 subcardinal veins (after SESBOUE). ¢) 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, Bd. XTII/1
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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 islocated 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 ocecur (see Chapter K).
The corresponding kidney or part of the kidney is often more or less hypoplastic.

Ureters with an ectopic orifice can bereadily 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
HEerrer, 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). HamtrroN and PEYTON (1950) and PAsQUIER and WoMACK (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 of the close relationship between the Wolffian duct and the
urogenital sinus. The ureter arises as a bud from the Wolffian 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 WACHTER,
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1952). It can be situated at any level of the ureter, also at the ureterovesical junction
(ForoaHuT 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, Jong 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 (Dopson, 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, . ¢. 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 CaC,0, - H,0 Whewellite 52.4 26.4 46.3
2. Calcium oxalate di-
hydrate CaC,0, - 2 H,0 Weddellite 52.0 24.3 45.5

3. Calcium hydrogen
phosphate dihydrate

(CHPD) CaHPO, - 2 H,0 Brushite 2.6 6.4 3.5
4. Tricalcium phosphate

(TCP) Cag(PO,), Whitlockite 1.3 1.5 1.3
5. Basic calcium phos-

phate, “apatite” Ca(PO,)s(0OH), Hydroxyapatite 75.8 68.0 74.0

6. Magnesium ammo-
nium phosphate hexa-
hydrate (MAPH),

“triple phosphate” MgNH,PO, - 6 H,O Struvite 30.2 45.0 33.7
7. Calcium sulfate di-
hydrate CaS0, - 2 H,0O Gypsum — 0.7 0.2
8. Uric acid C;H,N,O, 3.9 24.3 8.7
9. Ammonium hydrogen
urate NH,C,H,N,O, 0.2 10.0 2.5
10. Sodium hydrogen urate
monohydrate NaC,H,N,0, - H,0 — 0.7 0.2
11. Cystine [SCH,CH(NH,)-COOH], 1.1 14 1.2

8*
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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 111 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.

Priex (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 3.99, 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-CHINSEI (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 ef 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.

II1. 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 caleareous sand and are usually
situated in a hydrocalyx 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 caleulus, 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
hydrocalyx 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 of the latter (Figs. 72—74). Occasionally awell 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

Tig. 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

Concrements 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 (Saupg, 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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Fig. 77. Caudally fused kidney, so-caied 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 (MurLvant, 1959; Wris and MarLnamMeNT, 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 flat, 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 ¢

Fig. 79. a) Large laminated stone, b) (another patient) plain roentgenography: five laminated stones in left
kidney, ¢) 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 ¢), 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 ¢) 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 (WiLpBoLZ, 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 cranjal 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 (MapsEN, 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 (PIErsonw, 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 FrrpmaN, 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; ZOoLLINGER and RosExmMuND, 1952; Duwnw, 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 caleuli, 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 (MAcCREE, 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 DENsLoOw (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 (8.29,). 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; MacKENzZIE, 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 ef al., 1949, KrATING jr., 1958).

VI. Formation of stones from a roentgenologie 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. Ina 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
andforming a concrement. On examination under a magnifying glass of smallstones 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 Raxparr’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 ¢) 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
Iymphatic 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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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, Bd. XIII/1
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Kidney stones can contain three similar types of nephrocalcinosis: intratubular
calcified conglomerates of cell debris, structured microcalculi, and interstitial calcifications
(Raxparr’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 Bovce,
1972).

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

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 (TwiNemM,
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

0%
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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 stores can always be seen in good-quality plain films. Photometric examination of
urinary caleculi 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, ¢. 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 pelvie
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
ZE1ss (1935) thus gave 2—5%, of so-called roentgen negative calculi, while KNEISE and
SCHOBER (1941), gave 5—10%, as more probable, and WiLpBoLz (1959) 10 %,. 1t 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 of the 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 of left 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 ScarITZER
(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, <. 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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1. 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. Careful 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
conerements particularly (SmrrH 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 (CouvnciLL and CounciLL, 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 Chapter L). Perforations
to the digestive tract or to the skin surface are less common. A broncholithiasis is reported
by GorpANsON 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
Chapter C LI, 3 regarding technique).
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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).

Tig. 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 of low
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 O).

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 paypillary 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. Oceasion-
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. Itis 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; ¢) 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 ¢) after release of ureteric coni-
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 b

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

Fig. 105. Stone in caudal branch causing hydrocalicosis

a b c

Fig. 106. Stones in caudal branch causing dilatation of caudal half of kidney pelvis. In ¢) 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 [¢

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 ¢)
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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 inthe ureter is seen to cease atthelevel 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 (EpLiva, 1941).
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b ¢

Fig. 110. Hydronephrosis with laminated stones. a) Urography: no excretion; b) renal angiography, arterial
phase: arteries thin and stretched; capsular branches stretched along dilated kidney pelvis; ¢) nephrographic
phase: atrophy of almost entire kidney parenchyma; d) operation specimen

10 Handbuch der med. Radiologie, Bd. XIII/1
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X. Nephreectomy, partial nephrectomy and ureterolithotomy

Partial or polar nephrectomy is a common operation for renal stone (Fig. 111). 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 ¢

Fig. 111. Partial nephrectomy for stone (two patients). a) Plain radiography: Stone in confluence and caudal
calyces. b) Urography. c) Urography after partial nephrectomy

cysts, hydrocalicosis, etec. The wide use of partial nephrectomy hasincreased the importance
of detecting such localizing factors roentgenologically.

Angiography is useful for pre-operative investigation of the vasculature, particularly
in the poles of the 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 of right 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 of left ureter to kidney after pyelotomy

XI. Roentgen examination during renal colie

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 FrELTER, 1953 that the dilated renal pelvis is capable of
compressing the veins in the sinus and that the increase in size of the 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 b

Fig. 118. 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 cm. b) Four days after contrast injection

Examination of the first urogram during the actual attack is usuvally 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, 118). This delay may be several hours
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TFig. 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 of the 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’BrIieEN, 1952) that a glass of ice water will produce
immediate relief and induce the excretion of contrast medium. Wehave 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 O1.ssoN, 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 cammot be stressed enough that in the performance of wrography for such a differential
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/, hours

later, nephrography of kidney parenchyma belonging to cranial part. Note irregular border to caudal part.

bj 21/, hours later: excretion into dilated cranial pelvis and corresponding ureter. ¢) Urography after pain had
subsided: ordinary excretion

3. Discussion of signs of stasis

The signs of stasis as described by HErLLMER (1935) and by WuLrr (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
(OrLE Ousson, 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.

HormruwxDp (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-
tial length of time. When 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 (ArRNALDSsoN and Hormru~Np, 1971).

Urography performed during anattack of renal colic willnot 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
(OrLe OLsson 1949).

Occasionally a combination of stone and blood-clot may be seen (Fig. 130).
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4. Backflow in aeute 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 eclinically.
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 roentgencgraphy: 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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TFig. 124

Wurrr (1941) has shown also in 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 (KNDFEDJITEFF, 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 9%, of cases) be passed spontaneously.

b) Small stones in the upper half of the ureter will usually (81 9,) 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. ¢) Pain subsided andstone 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 ¢

Fig. 125d

11 Handbuch der med. Radiologie, Bd. XIII/1
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Fig. 125 ¢

¢) 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 9%,) 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 9%) pass spontaneously.
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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 of the ureter seldom (4 9,) 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 of left 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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a 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 afairly largestone was found intheupperpart
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 prostatichyperplasia, alargeureteric stone was
found in the distal of part the left ureter, with marked stasis and dilatation of the left kidney
pelvis and the ureter. Marked swelling of the ureteric orifice was also seen. The patient
had bad no attacks of pain whatsoever.
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9. Master rules in acute renal eolic

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,
ete.

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 if not 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 stene (see Chapter P)

XII. Renal angiography

The finding of a concrement in the ureter permits no direct conclusions concerning
the duration of the obstruection. 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. PapatoaN~NoU and BrunNscrwic (1965) report a case of return
of function after 1'/, years of complete blockage. This blockage, however, was verified
only by urography, with fairly short examination times. GrRaHAM reports recovery of
“useful renal function” after 46 days of obstruction. In a study from 1964 Bruxscawic
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 3'/, months. In two patients
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