AORTOGRAPHY IN DIAGNOSTS

ITS APPLICATION IN UROLOGICAL
AND SOME OTHER CONDITIONS

A THESIS SUBMITTED FOR THE DEGREE OF

MASTER OF SURGERY
BY

W. BARR STIRLING
MoBoCh.Bo ’F.R.FQP.SO (Glas. ) ,FcRoCoSo (Edo )

March, 1956




P " HE $%& W

+ - + + - S { ) , 1)
( ( - (., F ( +
+( 0 1 0o * ( (
( 1 ( -
##23 45. 2 +) * 6 ( - )
(- - /2 80 $- % (
! * & -9 H#2
HH#2.
8 4 &( & 1 ( 11()
.o <=



1.

CONTENTS

VOLUME I

ACKNOWLEDGEMENTS
INTRODUCTION

HISTORICAL

EARTY AND ORIGINAL WORK -
TEGHNIQUE

INTERPRETAT ION

HAZARDS

SPECIFIC CONDITIONS

CONGENIPAL RENAL ANOMALIES
Congenital Solitary Kidney
Renal Ectopila
Incomplete Rotation and Malrotation
Horseshoe Kidney

Crossed Renal Ectopla

Page

22
66
76
88
116

117
125
139
148
154
165



CONTENTS (Continued)

9. CONGENITAL RENAL ANOMALIES (Continued)

Double Kidney
Unllateral Fused Kldney
Mobile Kidney

Solitary Cyst
Polycystic Kidney

10. RENAL NEOPLASM
Adenocarcinoma
Other Parenchymal Tumours
Other Renal Tumours

‘Suspected Renal Neoplasm

1l. UNILATERAL RENAL BLEEDING

Page

172
181
184
192
195

205
206
227
234
239

251



ACKNOWLEDGEMENTS

I wish to thank Mr. Arthur Jacobs for his
encouragement in adopting thls new dlagnostic method and
for the facilities which I enjoy in his wards in the Glasgow
Royal Infirmary; also for the opportunlty of examining
patients 1in the Genito-~Urinary Unit, Robroyston Sanatorium.

I am grateful to Professor W. Arthur Mackey for
permission to quote the case notes of those patients with
vascular disease, whom he referred to me for aortography.

I also wish to thank Dr. R. M. Thomson of the
Cardiology Department for his co-operation in providing the
blood pressure recordings. |

I wish to acknowledge the help of Mr. J. Farnol
who constructed the original iInjector apparatus.

My thanks are due also to Mr. G. C. A. Terry,
Librarian, Royal Faculty of Physiclans and Surgeons, for his
assistance in obtaining many of the references, especially
the lesser-known forelgn articles.

I am particularly indebted to Mr. W. E. Towler, of
the Photographic Department, for his assistance and enthusiasm
in producing the fine lllustrations of the X-Ray fllms.



INTRODUCTION

The study of the urinary tract in the human is
dependent on the various types of examinatlon available. The
direct inspection by instrumental means of the lower tract,
the urographic appearances - excretory and retrograde - of the
upper tract and the numerous bilochemicel and bacteriological
Investigations of the ufine, both total and separate kidney
specimens, have all contributed to the establishment of
Urology as a very exact branch of Surgery.

These examinations, however, do not always afford
a complete and accurate dlagnosis. Certain gaps in the
knowledge of the state of the kidneys remain; thils is
especially so in the case of the vascularity and therefore
the actual and potential function of these organs.

Until recently, information regarding the blood
supply of the kidney has been obtained from autopsy examination
and anlmal experiments.

In the living human the demonstration of the renal
vascularity 1s possible by translumbar aortography. This
conslsts of the X-Ray visualisatlon of a radio-opaque medium
introduced into the aorta by means of a needle inserted
directly through the loin.

The adoption of this method of examination has been



slow and at the present time it 1s carried out in very few
centres in Britaln.

This study 1s based on an experience of two hundred
aortic punctures performed for dlagnosis 1In the Urologlcal
Department of the Glasgow Royal Infirmary. It is belleved
that thils is the largest individual serles in thls country.

The work has extended over a perlod of five years
but much time was spent in the early stages on Improving

equlpment and developing technigue.
| The assessment of the difficultles, hazards and
sequelae of the procedure 1s based on these two hundred
examinations. The great majority - one hundred and eighty -
were carried out for diagnosis of a urological condltion
affecting usually the upper urinary tract. The remainder
were performed for Intrinsic vascular lesions of the aorta,
11iac or femoral arteries or to show 2 bone tumour.

In some patients a second puncture was performed
after an iInterval; 1n additlon, a number of the early
radlographic results were not satlsfactory. These have
therefore been omitted from the discussion of the value of
angiography in specific conditions. Altogether one hundred
and fifty-nine patients are available for conslderation.

Where operation was performed the 1lnitials of the
surgeon have been included in the case reports. The urologilcal

surgery was undertaken by Mr. Arthur Jacobs (A.J.) or myself



(W.B.S.). All the operations in the section dealing with
intrinsic vascular disease were performed by Professor W.

Arthur Mackey. (W.A.M.)

The presentation of such a subject necessarlly
demands.a large number of 1illustrations. In almost every case
there 1s a photograph to show the arterial pattern 1n the
particular condition. In some cases illustrations of the
urograms or nephrograms have been included to demonstrate the

value of anglography.



HISTORICAL.

The announcement of the discovery of X-Rays was made
by Rontgen of Wurtzburg on November 8th, 1895. The
significance and potential value of this new technlcal device,
especlally in the realm of diagnostic medicine, was qulckly
realised.

The application of X-Rays to portray relatively
opaque structures of the body such as the bony skeleton was
at once obvious and it is not surprising that within a few
months much had been learned, not only about the normal but
also about some of the pathologlcal features of bones and
Joints. What does seem surprising 1s that within a remarkably
short time attempts were made, with some success, to demonstrate
the course and distribution of blood vessels.

Thus, in January, 1896, ten weeks after the dlscovery
of X-Rays, Haschek and Lindenthal of Vienna published a
photograph of the flrst arteriogram. This was obtained by
the injection of a radio-opaque substance, in this instance an
emulsion of chalk, into the main arterles of an amputated 1limb.
In order to assess the dlfference between various opague
materlals, a copper wire was wound round the index finger of
the hand. The published photograph shows quite well the

relative density of metal, bone, soft tissue and concentrated



chalk. The digital arteries are quite distincet but only the
main vessels appear, none of the smaller branches from them
being visible. Presumably thls is due to the viscoslity of the
emulsion and the size of the chalk particles, the presence of
thrombosls in the fine vessels, and, to some extent, the
limitation of the X~Ray apparatus available. Nevertheless

it 1s a valuable first contributlon 1In this fleld of
radlography.

Somewhat similar experiments and results were
achieved about the same tlme by Destot and Berard in Lyons.

The claims of Glasgow in the ploneer work and
practical advances in the new sclence of radlography should
‘not be forgotten or ignored. The first announcement in this
country of Professor Rontgen's discovery was received early
- in December 1895 by Lord Kelvin, at that time the greatest
living physicist. Rontgen sent to Lord Kelvin a record of
his experiments and findings, along with his original paper
end some original X-Ray photographs. Lord Kelvin immediately
handed these over to John McIntyre for verification and
investigation of the medical possibilities.

Dr. John McIntyre, a graduate of this University,
qualified M.B.,C.M., 1in 1885. Before embarking on his
medlcal career he had completed his training as an electrical
englneer. In addition to his appointment as consultant

laryngologlst to the Glasgow Royal Infirmary, Dr. McIntyre



was also consultant medical electriclan and had already made
avallable, for the first time, electrliclty for use 1n the
wards and operating theatres of a hospltal. He at once
corresponded with Rontgen and received from him one of the
original tubes. He then founded in the Glasgow Royal
Infirmary what 1s now recognised to be the second oldest
diagnostic X~-Ray department 1In the world. He applied hls
extensive knowledge and enthusiasm to the new scilence and was
the first to demonstrate by X~Rays, a stone in the kldney as
well as soft tlssue structures such as the heart. He also
entered at an early date, the fleld of arterlography and
carried out numerous experiments on blood vessels.

The early plctures of arterles were, however, all
obtalned by injecting the vessels of amputated limbs or parts
removed at autopsy. The solutlons and emulslions tried in the
early days consisted of chalk, used by Haschek and Lindenthal,
calclum sulphate used by McIntyre and eventually various
compounds of blsmuth and barium. None of these compounds,
however, proved suitable for injection into the living patient
by reason of thelr toxlelty, Insolublility or difficulty of
elimination.. 1In addition to thls the early X-Ray equipment
required a prolonged exposure. At the beginning of the
century for example, the exposure time requlired to demonstrate
a stone In the bladder was in the region of two hours! Apart

then from the local and systemlc effects of these noxious



injection media, the rapld dissemlnation of them throughout

the circulation quite obviated the fulfillment of arterliography
in the living subject and twenty~five years were to pass

before that achlevement.

In 1923, Sicard and Forestier of France, having
discovered the radiological value of Iodised poppy-seed oil
when injected into dogs, decided to apply 1lts use to the human.
After slowly injecting 4 ml. Lipiodol into the antecubltal vein
of a man, they saw with the fluoroscope the flow of thls drug
through the right slde of the heart into the pulmonary arterles
and out to the capillaries.

Some months later, in Decembér of that year,
Berberich and Hirsch of Germany obtalned the first anglograms
of peripheral vessels in the living patlent. The solution
used was one of the Halogen compounds - Strontium Bromide -
which they injected into the arterles and veins of the arm
and hand.

The following year saw a great advance in the
technlique and practical application of peripheral arteriography.
Brooks of U.S.A. in March, 1924, published an account of the
first successful living arteriogram of the leg. By this time
consliderable technical advances had been made in connection
with the various X-Ray factors and the main problem remaining
was that of a suitable radio-opaque medium.

Brooks used a solution of Sodium Iodide in the



strength of 100 gm. to 100 ml. water. This gave a good
definition and at the same time, whilst not non-toxic, was
at least tolerable. The risk of acute lodism, although a
very real one, was to a great extent accepted and offset by
the possibility of arteriography of practical value in
peripheral vascular disease.

The technique described and followed by Brooks 1is
interesting and applles to the examinatlion of the arterles of
the lower limb. Under local anaesthesla the femoral srtery
was exposed at the proximal end of Hunter's canal and a
Crile's clamp placed in positlon. A needle was 1nserted
into the artery below the clamp which was then closed. The
patient was anaesthetised with Nitrous Oxlde before the
Injection of Sodium Iodide. The clamp was released and
photographs taken to demonstrate the flow of dye. Brooks
found the use of general anaesthesla essentlal before the
injection of the medium as the intense pain and spasmodlc
movement caused by the Iodide could not otherwlse be controlled.
The quality of the pictures obtained by this method was very
good and 1t remained for many years with perhaps minor
modificatlions the standard practice for peripheral arteriography.

Thus we have seen how, after a period of twenty-filve
years, there developed from primltive plctures of cadavers
a reasonably good technique of arteriography of the limbs of

living subjects. There remalned the problem of outlining the



10

deep-secated vessels of the body.

It 1s to Reynaldo dos Santos of Portugal that credit
rust be glven for the first successful arterlograms of the
abdominal vessels by translumbar aortic injection. Dos Santos
and his associates, Lamas and Caldas, started thelr work in
1925 and published thelr results in March, 1929.

The following brief description of the procedure by
which this new radiological field was opened up is not out of
place in thils historical section.

The technique of puncture originally described
remains the basis from which all subsequent techniques have
evolved.

The needles used were 14 cm. long wlth an external
dlameter of 1.2. mm. The needle was introduced on the left
side 8 cm. from the midline and directed medially and upwards
untll 1t entered the aorta.

The level at which the needle punctured the aorta
depended on which of the branches were to be outlined. Thus
to show the coellac axis, puncture was made at the 12th
thoraclec vertebra; for the renal arterles, at the 1lst lumbar
vertebra and for the inferior mesenteric artery, at the 2nd
Jumbar body. In order to demonstrate the first branches,
puncture had to be made at the 10th thoraclc, but the possibility
of inflicting daﬁage on the lung was not considered serious

by dos Santos.
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The medium used was Sodlium Iodlde in high
concentration, 80-100% and usually some 20 ml. was lntroduced
under pressure by means of a compressed alr machine.

Following the presentation of his paper and his
report to the French Academy of Sclence and later to the
American Medical Association, much controversy arose regarding
the value and dangers of sortography.

Despite the report by dos Santos that 300 aortic
punctures had been carried out for dlagnostlic purposes with
no mortality or appreciable morbidity the reception to this
new idea was cool. In this country his paper to the
International Urologlcal Soclety Congress in June, 1933, held
in London was 1gnored.

There was an understandable natural antlpathy to
.the blind puncture of the main artery of the body. There
was the fear of the immedliate risk of haemorrhage and the
susplcion that sequelae such as aneurysm or embollism might
develop later. In addition there remained the indisputable
objection to the toxlc effect on the blood vessels and
abdominal organs of Sodium Iodide or any other compound
available at that time. The general opinion was that the
dlagnostic value of aortography was doubtful and at best very
1imited. With few exceptions the procedure was regarded as
unjustifiably hazardous in the human.

In 1931, Legueu, Fey and Truchot of France recorded
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thelr experiences of translumbar aortography in 20 cases.
Four serious reactions were reported. There was one case
each of acute lodism, nephritis, haematuric nephritis and
hyperazotaemlc oedema.

In 1932, Balestra of Italy recorded his experiences
of a few cases in which aortography was done for aneurysm of
the abdominal aorta and arterlosclerosis. No urological
cases were examined.

In 1933, Osario of Spain reported 100 cases with no
111 effect. The medlum used consisted of 30 cc. Methiodal 90%.

In view of the somewhat conflicting reports about
the dangers of the procedure, Henline and Moore of U.S.A. in
1936 undertook the trial of aortography on animsls before
extending it to man.

These experiments were conducted on dogs, who
following aortic puncture, were injected with Sodium Iodlde
100%. The results were as follows:-

Two of the dogs were deliberately sacrificed so
that they cannot be included in the total ﬁortality figures.

The first animal was submitted to observatlion of the
kidneys which immediately following the injection "went blue but
recovered", The second dog was sacrificed at 36 days and
examinatlion of the aorta showed that complete healing had
occurred. The fate of the remaining 19 dogs was Interesting.

In flve cases death was attributed directly to haemorrhage
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from the aorta. Three dogs showed strong evidence of
toxiclity consisting of haemorrhaglec nephritis, effusion of
fluid into the pericardium and peritoneal cavity with
congestion of the liver.

Histological examination showed in a number of cases
(not stated) separation of the layers of the aorta.

The remaining eleven dogs recovered and lived.

The results of this animal experiment in which from
trauma or toxicity there was an immediate mortality of nearly
50% had a profound effect on the employment of aortography in
the human.

In addition, these authors quote Balestra as saying
that dos Santos had seven deaths following asortic puncture.
This serious statement which has been quoted on more than one
occaslion agalnst the use of aortography 1s a complete
mistranslation of the article. The correct translation and
interbretation which I have had confirmed, leaves no doubt
that Balestra, in dlscussing the relative securlty of sortic
puncture, correctly cuoted dos SaPtos as followsi=-

Seven deaths occurred from various causes and at
different times after aortography. All of these were
submltted to accurate post-mortem examination. In five of
the cases death occurred on the 20th, 1l6th, l4th, 6th and

5th days after puncture. In three of these patients marked
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atheroma wasg present in the aorta but in none of the five
patlents could any evidence be seeﬁ of the aortic puncture.

The sixth, a patient with ililac thrombosis, died 24 hours
after aortography. In this case some evidence of bleeding
was seen in the muscles along the track of the needle, but

not from the asorta. The seventh patient dled from haemorrhage
after hysterectomy, due to a slipped ligature and showed some

ecchymosls around the aorta but thls was not the cause of death.

At this stage some critical comment may be made on
these adverse results obtained In animel experiments by
Henline and Moore.

In the flirst place, the size and welght of the dogs
used is not given, but 1t 1s reasonable to assume that on the
average they did not exceed 20% of that of the average adult
humen. This is of importance when comparing the effect of
the size of the needle as a traumatic factor and the dose of
the medium as a toxic factor.

The aorta of any dog 1s much smaller not only in
calibre but also in the thickness of the vessel wall, In
addition the relative size and compoéition of the coats of
the aorta differ between dog and man. One very important
factor as regards the effect of puncture is that the elastic
tissue of the media which 1s responsible for the sealing

effect is relatively much less in the dog. The needles
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used varied from 18 S.W.G. to 22 S.W.G. As the needle used
by dos Santos was equivalent to 18 S.W.G. there is a great
difference in the degree of Injury inflicted by 1t on dogs
compared with the human.

The quantlty of Sodium Iodide injected, varied
between 10-20 ml. As this 1s the usual dose gilven to a
human, the amount per kg./body weight is at least five times
greater in dogs than in man and the systemlec toxic effect
must be greater. The local effect of Sodium Iodide on the
arteries of dogs was studied by Paolucecl in 1931. He found
that 100% Sodium Iodide caused destruction of the intima and
In some cases necrosis of the medlia and adventitis. In
addition chemlical changes were noted in muscle fibre and in
a number of cases thrombosis of the smaller vessels occurred.

Such marked changes have not been reported as
occurring, with the same frequency, in peripheral arteriography
In the human and there is no reason to suppose that the effect
on the abdominal vessels would be any more marked.

Thus we have proof that 1in respect of aortic
puncture and injection of iodide, the anatomy and physlology
of the dog 1s not exactly comparable to that of the human.
Further proof of this difference is seen practlcally by the
number of aortograms which have now been reported without
mortality.

The adverse results of the animal experiments of
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Henline and Moore did nothing to allay the fears of the danger
of aortic injection in man. There was indeed considerable
scepticlsm about the good results claimed by dos Santos and
suspiclon was more than once ralised 1n America that his
assertions about the hazards were too sanguine. Dos Santos
has on many occaslons stated that he has had no death direcfly
attributable to aortograprhy and has reaffirmed this in a
personal communication to me.

The almost awesome respect for the sanctity of the
aorta continued for several years until 1941, when Farines in
the U.S.A. In an effort to overcome needle puncture of that
artery, produced asortograms by the retrograde passage of a
catheter inserted into the femoral artery. The following
year, however, Nelson (1942) and Doss (1942) of America,
workling independently, each published a short series of
cases In which the translumbar method, as advocated by dos
Santos, was used. Later, in 1946, Wagner reported three
further cases. These three American surgeons were enthuslastic
about the procedure and the results they obtained and have
continued to publish favourable reports. It 1is largely due to
them and of course to dos Santos that translumbar aortography
was not permitted to fall into disuse and has now become
accepted as a justifisble and valuable ald to diagnosis.

Above all, tribute must be paid to dos Santos, not

only for his originality but also for hils courage and vision
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in the face of considerable opposition.

The first British record was that published in
December, 1950, by Griffiths, who reported a series of 25
cases carried out mainly for renal dlagnosis. Since then
various publications, including the writer's (Stirling, 1953,
1955, a.b.c.) have appeared, describing its value in
urological and vascular dlsease.

My interest was aroused some ten years ago, but
like others I dld not feel justified in adopting it until after
Griffith's publicatlion in this country, when I had an

opportunity of discussing the procedure with him.

CONTRAST MEDIA.

The story of the development of contrast media
used 1n urological diagnosis is both interesting and pertinent.
Following the incorporation of the Edison lamp into
the Nitze-Lelter cystoscope 1n 1880, the examination of the
bladder was made safe, easy and efficlent. The increasing
knowledge galned only served to stimulate the search for

methods which would give information about the upper urinary
tract.

The introduction of X-Rays enabled the bladder to be
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visuallsed by means of radlo-opaque solutlon instilled into 1it.
This in 1tself, however, was of little value because of the
unsatisfactory medlum and the fact that cystoscopy was much
more revealing.

An attempt was made by Klose in 1904 to outlline the
ureter and renal pelvis by the injection up from the bladder.
The solution used was a Blsmuth one but falled because it was
too viscid. Later, 1n 1906, Voelcker and Lichtenberg, when
carrylng out cystoscopy with Collargol, found that the fluid
had regurgitated up the ureter and outlined both ureter and
renal pelvis. Little attention, however, was paid to thils
until about 1910, when the value of instrumental pyelography
was recognised and from then on to the present day 1ts use
has become universal.

A large variety of solutions has at one time or
another been tried, most of which have been dlscarded.
Colloldal silver was the filrst to be used and continued in
favour for some years. Silver oxide, Nargol and other silver
salts were tried out and silver lodlde became popular.
Eventually Sodium Bromide and Sodium Iodide became established
the latter being deservedly more popular and 1t ts still used
today.

Meanwhille, Urologists had long hoped that some
solution might be found which would be excreted by the kidney

and glve a shedow on radlography. Indeed at the time of the
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Introduction of instrumental pyelography, Voelcker and
Lichtenberg attempted excretlon urography using the colloldal
heavy metals but had to abandon it because of the great
toxicity of these preparatlions. In 1923 Rowantree and Schole
took up the problem and by adminlstering Sodium Iodide elther
Intravenously or by mouth were successful 1in visualising the
upper urinary tract in about one-half of thelr cases. In
1927, Roseno achleved a passing success with Pyelognost - a
compound of Iodine and urea, but this was not eliminated
rapidly enough and produced 1odism.

The discovery of the modern organic 1lodide compounds
was, llke many other advances 1n mediclne, somewhat fortuitous,

Binz, while working with the Benzine ring in an
attempt to improve the Salvarsan group for use in syphills,
found that when lodine was attached to the pyridine micleus
it became a valuable antiseptlc in the treatment of mastitls
in cows., This drug was called Selectan and was known to be
excreted in the bile and in the urine. On administering an
allied compound to human beings a picture of the urinary tract
was obtalned.

After much research a compound, Uroselectan, was
found (1929) which whilst very satlsfactory was cumbersome to
prepare and use. Persistent research by Lichtenberg and his
colleagues resulted in 1931 in the production of Uroselectan-B,

This 1s the original compound of the group of drugs now known
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as Iodoxyl.

Almost immediately after the introduction of
Uroselectan, another excretory substance was brought forward
under the name Abrodil. In 1932 1t was superseded by a
more efficlent but somewhat similar compound named Perabrodil -
(Neoskiodan in America.) and this is the original of the
group known as the Diodone drugs.

Up to 1939 these two drugs mentloned were the only
ones available and were Imported into this country from the
Continent. Since then Iodoxyl and Diodone in various
strengths have become available under numerous proprietory
designations.

In 1950 a new organlic compound, Sodium Acetrizoate
was Introduced. This 1s a Tri-molecule organic 1lodide
compound and has a higher 1odline content than any other
Iodoxyl or Diodone preparation. In addition 1t 1s less toxic
and more rapidly eliminated than anything so far available.

The development of these contrast media for
excretion urography, with their lessening toxicity, led to
thelir use in Radlodlagnosis elsewhere. As they are less
irritating than Sodium Iodide the only limiting factor to their
general use in ascending pyelogfaphy 1s the cost. Cost alone,
however, was not the only contra-indication for their
immediate adoption for arteriography.

The 1odine content of the older Iodoxyl and Diodone
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drugs was in the nature of 40% whilst thet of Sodium Iodide
is 85%. The denslty of the shadows was so inferior to that
of Sodium Iodide that until the stronger solutions of 70%
were introduced Sodium Iodide remained the drug of cholce,

The property of the Iodide compounds of belng
excreted rapidly in the urine is of no account in peripheral
arterliography: any solution of comparable density or toxiclty
would be equally efficaclous. The great advantage of using
the Iodides 1n aortic injection for renal arterlography is due
to thelr eliminatlion by the kidneys, the entire process being
visible by radiography.
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EARLY AND ORIGINAL WORK.,

AUTOP3Y FINDINGS.

Accuracy of aortic puncture demands a knowledge of
regional anatomy. Whilst this rezion was familiar through
the surgiczl approach to the kidney it was thought advisable
to galn further knowledge and famillarity in the use of needle
puncture by preliminary presctice. Accordingly, before
performing asortography on a patient, some forty punctures were
carried out in the post-mortem room.

After each puncture a cereful dissection of the
needle track was carried out. The angle of the track, the
depth at which the vsrious structures were encountsred and
finally the location of the needle point were all carefully
noted.

One difficulty encountered was in knowing when the
needle point lay in the centre of the aortic lumen. Although
the sensation of overcoming the resistance of the aortic wall
1s usually felt there 1s no confirmatory evidence, ss in the
living patient, of a stream of .blood from the needle, After
the first few attempts, however, it was rossible to place the
needle adequately in about 75% of cases,

The experlence and practice so gz'ned proved valuable

later when the procedure was used on patients.
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Details of the technlque of puncture in the living
subject will be given later 1in the appropriate section, but a
brief description and 1llustration of the anatomical course of
the needle 1s included here.

The needle 1s inserted not more than 1 cem. below the
twelfth rib on the left side 8 cm. from the midline. It 1is
directed upwards, medially and forwards in the directlon of
the first lumbar vertebra ( or twelfth thoracic.)

The accompanylng dlagrams on the following page
11lustrate the course of the needle. Diagram 1, 1s that of
the transverse plane at the level of the filrst lumbar vertebra.
The needle track, however, 1s oblique as shown in dlagrams 2
and 3 and extends from the skin puncture at the level of the
second or third lumbar vertebra (depending on the obliquity of
'the twelfth rib) upwards to the first lumbar or twelfth
thoracic bodies.

In its course to the aorta the needle 1s directed
against the vertebral body (needle 1, diagram 1) at which
stage the fibres of the left crus of the dlaphragm are
encountered. The needle 1s withdrawn to clear these muscle
fibres and then advanced so that 1t passes round the edge of
the vertebral body and enters the aorta, (Needle 2, diagram 1)

Throughout the whole procedure the following
structures are traversed; skin, fascla, sacrospinalis muscle

bundle, quadratus lumborum, lumbodorsal fascia, psoas muscle
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occaslonally and left crus of dilaphragm.

Reference to the dlagrams shows that at no point
in its course should the needle nrenetrate any so0lid or hollow
viscus other than aorta. This is stlll the case even where
there 1s considerable varilation In the size and build of the
patient and with a flxed skin puncture site 8 cm. from the

midline.

In addition to the regional dissections carried out
the opportunity was taken of examining in detail the area of
aorta into which puncture might be made. The standard text
books of Anatomy did not afford sufficienﬁ accurate informaetion
regarding the size and relationship of the aorta and its main
branches.

Experience, both in the post-mortem room and
subsequently in the measurement of the aorta following
aortography, shows that the slze of that vessel is directly
proportional to the bulld and weight of the patlent. This is
true except In some cases of advanced arteriosclerosis.

The internal diameter of the aorta just above the
renal arteries was found to vary on post-mortem examination
between 1.5 cm. and 2.1 cm. This, however 1s not a true
Indication of the actual silze during life when the vessel is

fllled with blood at a normsl or raised blood pressure. In
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the average case the increase in dlameter during 1life is 1in
the region of 0.5 cm. as judged on the aortogram.

The detailed examination of the renal arteries
raised several interesting points, some of which had not
previously been appreclated.

The level of orlgin of these arterles 1s qulte
varlable. In thls respect the X-Ray visualisation is more
reliable then the post-mortem dissectlon.

Analysls of 100 aortograms in which the kidneys
were normal as regards positlon and none of which had a
congenital anomaly, shows a wide variation in the level of
origin of the renal arteries.

The following table shows the actual levels of origin
of the right and left renal arteries.

The usual anatomical description states that these
vessels arise 1.5 cm. below the transpylorlc plane at the
level of the first lumbar vertebra. This, whllst adequate
for general purposes 1s not accurate enough for exact aortic
puncture,

It is seen that in some 50% of otherwise normal
kidneys the arteries arise between the lower border of the
first lumbar and the upper border of the second lumbar
vertebrae. The remainder usually arise between the limits of
these two vertebral bodies, a distance of at least 6 cm.

When the extreme limits between the twelfth thoracic and third
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lumbar vertebrae are taken into account and also the common
occurrence of accessory vessels at different levels, the
variation is even greater.

Where congenital renal anomalles exist, the renal
blood supply may arise almost anywhere between the diaphragnm
and the bony pelvis,

RENAL ARTERY ORIGIN.

LEVEL RIGHT LEFT

T.12 2% 0

L.l upper 14%; 8%;
middle 16%; 54% 16%) 50%
lower 24%) 26%)

L.II  upper 30%; ,50%3
middle 7%; 41% 12%; 49%
lower 4%) %) '

L.III upper 1%% 0 %
middle 1%) 3% 1%; 1%

)

lower 1%)

o
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The distance between the origins of the superior
mesenterlic artery amd the renal arterles 1s likewise very
variable. #%hilst on the average 1t appeared to be about
lem. frequently it was found to be much less. On more than
one occasion the three vessels were seen to arlse from the
aorta at the same level.

This variation, both in the level of origin of the
aortic branches and thelr relationship to each other 1is
important. Absolute accuracy in positioning the needle at
£he supposed site of election for renal anglography, between
the superior mesenteric and renal arteries, cannot be
achieved in every case.

Such accuracy, however, is not essentlal, as was
previously thought and further reference to this will be made
when the technique which I use 1s described.

The renal arteries arise almost at right angles
from the aorta at siightly different levels - the right
usually lower than the left. They do so In a particular
fashion.

The lumen of each artery at its opening into the
aorta l1s considerably larger than it is some 3-5 mm. dlstal
to its origin.

The lower 1llp of the opening projects very
slightly into the aorta so that some diversion occurs and

1s continued by the constant stream of blood. This
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configuration applies only to the major vascular beds of
the abdomen supplled by the coeliac axis, mesenteric and

renal arteries.

The diagram below, which 1s exaggerated, 1llustrates

this sequence.,
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CLINICAL AND EXPERIMENTAL FINDINGS.

The technlique first employed was in the main that
published by Griffiths. A brief description of this is now
given and a commentary of the results which I obtained by
this method.

The apparatus consisted of a No. 18 S.W.G. needle
which was attached to the distal end of a length of rubber
pressure tubing. Into this a glass inspection ﬁube was
incorporated. To the proximal end of thils tube there wasg
attached a three-way adaptor from the side arm of which was
a short length of tubing.

The whole system was filled with saline from a
syringe attached to the slde arm tubing.

The patient, who had been anaesthetised, was placed
prone on a non-opaque wooden tunnel on which was a stationary
grid. This tunnel accommodated three cassettes and by means
of wooden handles these fllms could be moved rapldly across the
area enabling photographs to be taken every 2-3 seconds.

The needle with the sallne-filled system attached
was introduced into the aorta and perfusion of saline continued
by an assistant.

When blood was seen to come freely into the glass

tube on suction, saline perfusion was stopped and a syringe
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containing 30 ml. dye was connected to the adaptor and rapid
Injection made. The first film was exposed when 15 ml. had
been injected and subsequent films taken as described through
the tunnel at intervals of two to three seconds.

In spite of the apparent simplicity of this method
the results obtained were not considered satlsfactory. Whilst
a number of the pictures were adequate for dlagnosls, neither
the definition nor the guality of the films was good and in
some instances no Information at all was gained. In addition
to this many technical problems were encountered and the
following account describes the efforts made over a period of

eighteen months to overcome the various difficulties.

PITTINGS.

The original fittings and mounts between needle,
tubing and syringe were of the standard "Record" type. In
practice it was found that such s filtting was nelther air nor
water tight when pressure was applied. On more than one
occasion separation of the component parts occurred. This
meant that either an insufficlent gquantity or no dye at all
was introduced into the sorta. In an attempt to overcome
this a bayonet type of fitting was tried out but it did not
prove entirely reliable. Eventually the screw Luer-Lok type
was found to be quite satisfactory. This fitting is alr tight,

water tight and completely secure. The only disadvantage is
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one of welght. This 1s of no importance except when a rather
heavy three-way Luer-Lok adaptor 1s connected to the needle

but such is not necessary with the technique now used.

SYRINGE.

In order to inject a quantity of dye such as 20 ml.
| through a needle of 18 S.W.G. bore in the quickest possible
time, various types and slzes of syringe were tried out. All-
glass, all-metal and metal and glass types of 20, 30 and 50 ml.
capacilty were used to determine which would permit the fastest
delivery. The larger types whilst suffering on the grounds
of increased pressure being required for their larger surface
area had the merits of belng easier to grasp and also apparent
added strength. Varlous modifications in the form of three-
ring finger grips or a flat metal top to the end of the plunger
were tried out. Pressure, by a wooden batten or against the
operator's chest did not prove very effective.

None of these measures succeeded in delivering the
dye at a faster rate than 6 seconds for 20 ml. through a No. 18
S.W.G. needle and 3-4 seconds for a No. 16 S.,%W.G. needle.

Consideration of the‘pieces of equipment showed that
there were too many variations 1n the calibre of the system,
Thus, there was the bore of the needle, the connection to the
tubling, the glass connection, more tubing, the three-way

adaptor with a small bore and finally the syringe. The sum
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of these different calibres gives rise to considerable
resistance.

Finally, one other point of practical importance
emerged. On one occasion whilst forcible pressure was beling
performed manually, the syringe broke and shattered in the
hand. This unfortunate accident convinced me that some safer

and more efficient method must be devised.

TUBING

The pressure tubing used, to begin with, was of the
ordlnary rubber type. In spite of its apparent strength it
was found in practice that after it had been autoclaved and
used several times, it was not strong enough to stand the
pressure even of hand injection. Thus "ballooning" of the
tubing might occur and so defeat any effort of maintaining an
even, concentrated pressure. In fact this occurred on
several occasions in the early cases.

Various types of plastic tublng material were tried
but were found difficult to fasten securely to the metal
connections. Thils was particularly the case when forclble
mechanlcal pressure was instituted.

The most satisfactory type consists of rubber
pressure tubing which has an additional cotton woven sheath.
This has proved to be quite secure and in no case has any

expansion occurred even with the technique used of forcible
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Injection.

INJECTOR

Once the difficulties of the mounts had been overcome
by the adoption of Luer-Lok fittings and the specilal pressure
tubing had been acguired, there remained the problem of more
rapid introduction of the dye.

No improvement seemed possible with hand pressure and
some mechanical device was required. There were already in
exlstence two such instruments for rapid injectlon.

The first of these was that described by dos Santos
(1931) and subsequently used by Doss (1944) and Nelson (1945).
It consisted in the use of a cylinder of compressed air or
oxygen. It was felt that there were two serious defects in
such an instrument. In the first place there was a risk of
the accidental introduction of air into the aorta. In spilte
of assurances regarding the mechanical integrity of such an
apparatus, the development of some small defect or a human
error Iin manipulation might permit a major tragedy.

The second objection lay in the lack of control over
the injection and the absence of sensation of touch by the
‘operator.

The second type of injector consisted of a strong
spring action as described by Mellck and Vitt (1948). The

objections to this type lie in a certain limitation of pressure
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and again the lack of control.

The solutlon appeared to lie in some form of pressure
applied by leverage under manual control which would fulfil the
necegsary criteria. These may be defined as adequate pressure,
complete control and tactile perception.

Accordingly I had constructed for me in the hospital
such an instrument. The practical results achieved by it
fulfilled my expectations.

The success of this instrument led to its adoption
by the Instrument makers who carried out certain modifications
and improvements.

The 1llustration on the followlng page is reproduced
by courtesy of “"The Lancet®.

The apparatus is all-metal with a heavy base to
provide stability. I'he angled supports at one end are
transfixed by a spindle on which the lever 1s hinged. The
spring keeps the lever in the "up" position and also provides
some tensién. The vertical rods nearer the centre are
threaded and support the platform on which rest the shoulders
of the syringe. ‘The clips which keep the syringe in the true
vertical position are hinged and tightened by a butterfly screw.
The upper élip is applied to the rim of the barrel, the lower
one steadying the syringe. In this way compression of the
barrel is avoided which in the case of an all-glass syringe

results in increased resistance. This fact may be easily
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Fig. 1—The injector.

proved by grasping an all-glass syringe in the hand.

The platform is adjustable on the threaded rods and
the cllps are interchangeable so that different sizes of
syringe may be used ~ e.g. a 50 ml. syringe for
angiocardlography.

The lever passes through a slot in the vertical metal
plate which slides on the rods, the cup-shaped attachment on

the lower side depressing the plunger of the syringe. To
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prevent the plunger belng depressed too far an adjustable
metal ring is threaded on the rod extending upwards from the
plate. Thls ensures the introductlon of a measured guantity
of medium. A simple electrical contact switch connected to
the X-Ray machine 1s fixed on the top platform and activated
by the screw “"stopper". ‘

Proof of the practical value of the Ilnstrument 1is
afforded by the results of more than one hundred and fifty
occasions on which 1t has been used.

In no case has the slightest damage, not even a tiny
crack, occurred in any of the all-glass syringes.

The fluid can be injected at a rate far in excess
of that by any other method. It is posslble to injeect 20 ml,
in 0.5 sec. The efficlency of the instrument in this respect
is not surprising as the mechanical advantage of vertical
lever action is immense. Indeed to begin with, some anxlety
arose as to whether it was not too powerful, This, however,
1s a matter entirely under the control of the operator. At
the same time tactlle perception can still be apprecilated.

The radlological results confirmed the theory that
the more rapid the injection the greater the concentration of
dye and the greater the concentration the better the
definition and extent of the arteriogram. The arteriograms
80 produced are, in my opinion, far superlor to those obtalned

by manual injection.
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X-RAY FACTORS.

The problem of fast injection having been solved
attention was turned té the radiological factors which might
influence the production of good films.

Even where good co-operation exists between the
operator and the radiographer, there is an inevitable lag
between the word of command to take the pilcture and the actual
pressure on the exposure switch. Whilst such a delay may be
very slight and of no moment in the subsequent films, it is of
vital Importance in the first film which shows the arteriogram.
This is particularly so in the case of renal anglography. If
co-operation is not good through inexperience on the part of
the radiographer, or for any other reason, it is unlikely that
any arterliogram will be obtained.

In order to eliminate such delay in the split-second
timing necessary, the electrical contact switch already
described was fitted to the injector. By adjustment of this
switech 1t 1s possible for the operator to obtain an immediate
exposure when a known quantlty of dye has been delivered at a
known speed. This pas contributed to the production of good
films.

The use of the wooden tunnel and fixed grid
advo?ated by Griffiths was shortly abandoned as the quality
of films so obtalned was thought to be rather poor. A return

was made to the usual X-Ray technlgue using a Potter-Buckey
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diaphragnm. In order to speed up the number of films taken
a machine was modified so that the cassettes could be pushed
right through instead of being removed and a fresh cassette
placed on the tray. This is not considered necessary in
urclogical diagnosis.

Various types of "serlographs" to permit a number
of films to be taken gquickly have been described recently.
One serious disadvantage which most of them have in use is the
degree of movement which goes on durlng the mechanical action
of changling cassettes. The quality of the pleture produced
is not impressive. In my opinion, the solution to problems
of visualisation of blood flow In the kidney lies in the
development of cine-radliography or fast photography. Until
somethling like six fillms per second of high guallty are
available, I prefer to continue with the present technique.

The radiological factors will depend on the type of
‘machlne avallable but elaborate equipment 1s not essentlal.

The exposﬁre factors used In this series, carried
out in the Urological Department of the Glasgow Royal Infirmary,
were, for the average adult as follows:-

72 ¥V, 200 mA, 4.2 amps., 0.2 sec., 1/3 sec. Buckey,
at an anode-film distance of 40 1nches.

Where more efficient equipment is avallable an

exposure of 0.1 sec. and 300-400 mA wlll give finer films.
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EXPERIMENTS CONCERNING VARIOUS FACTORS IN AORTIC INJECTION.

EFFECT OF VELOCITY.

The injection of 20 ml. of fluid through a needle
with an internal dlameter of 1 mm. iIn one second produces a
muzzle velocity of 2,000 cm./sec. This 1s twenty times the
accepted normal velocity of the blood stream 1n a large artery.

The effect of the projection of such a thin;
concentrated jet of fluid with a high velocity on the dellcate
lining cells of the internal coat of the aorta was unknown.
It was thought possible that in spite of the rapid fall in
velocity which occurs from the muzzle onwards a disruptive
lesion might be produced affecting the intima and even the
media of the aorta.

In order to determine the effect, if any, the

following experiments were carried out.

The aorta was removed at post-mortem shortly after
death, in several subjects who had no appreclable vascular

disease.

(a) In the first experiment, a length of aorta from the
coeliac axls trunk above to the Inferior mesenteric artery

below was carefully emptied of blood and clot. It was left



41

intact in its normal tubular form.

A No. 16 S.W.G. needle was inserted into the left
postero-lateral aspect just above the renal artery as in
aortography. The point of the needle was placed exactly 1n
the centre of the lumen of the aorta, 1in this instance being
0.8 cm. from the vessel wall. Rapld injection of 20 ml. water
was made and after opening the aorta the target area, measuring
1.5 em. x 1.5 cm., was removed. This was submitted to serial
sectlon and histological examlination made. In this case,
owlng to the size of the tissue, 150 éections were cut in the
horizontal plane and a large area examined. No evidence was
found of any damage to the intimal cells, nor was there any
elevation of this layer from the underlying media.

The absence of any disruptive effect in this
experiment was thought to be significant for the following
reasons.

The injectlion was made across the lumen of an‘empty
aorta and therefore across alr.

When Injection is made in the living patient, the
reduction of velocity must be considerable because of the high
resistance offered by a heavy fluid such as blood, compared
with air. Further the column of blood is not static but has
a velocity itself of 100 cm./sec. This, acting at right
angles to the projected stream, would have a conslderable

effect on deflecting the stream and reducing its force.



The reduction 1ls further minimised by the injectlion being made
not at right angles, but at an angle of 45° agalnst the aortle
stream.

The reassuring result of the first experiment
required confirmation and a slightly different technlque was

used.

(b) Two aortas were obtalned, fresh from the post-mortem
room, opened up and carefully cleaned of blood and clot by
gentle Immersion in Darrow's solution. A sqguare of aortic
wall was pinned out flat on cork and forcible injectlon made
across alr at right angles to the target. In the flrst case
the point of the needle was placed at & distance of 0.5 cm.
vertically over the centre of the sortic fileld and in the
second at a distance of 1.0 cm. Under direct vision, the
point of iImpingement to the cenhre of the fleld was carefully
noted. The tlssue was trimmed to a amall area through which

vertical serlal sectlons were cut.

(c) A similar procedure was adopted for two squares of
aorta, but in this case each was pinned out under Darrow's
solutlion. The needle polnt was adjusted to a distance of
0.5 cm. and 0.75 em. and injection made through the Darrow's

solution.
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Histological examlnation of 400 serlal sectlons of
the four pleces of aorta cut Iin the vertical plane showed no
evidence of disruptive effect, elther in the form of intimal
cell damage, or elevation of the intima from the medla.,

The results of these experiments suggest that the
high velocity of the jet produced by rapld 1njectlion may be
discounted as a source of danger when pressure aortography

is performed on the 1living patient.

EFFECT ON INTRA-AORTIC PRESSURE.

The results of experiments on animals and man show
that there 1s some slight difference in the intra-arterial
pressure in different large vessels of the body. Thus, in
animal experiments, 1t has been demonstrated that there 1is a
slight fall in the pressure along the length of the aorta and
it is reasonable to expect the same 1n man. This fall is
almost certainly due to loss of volume occurring In the large
branches - a loss whlch 1s not completely compensated by
intrinsic vascular tone or peripheral resistance.

The acceptance of such a slight progressive fall 1is

reasonable and of little practlcal lmportance. Nevertheless,
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I was unable to find any record of the aortic blood pressure
in man at or about the level of the renal arteries héving been
confirmed by practlcal experiment. Such an experiment 1s
simple when aortic puncture is carried out for diagnostic
purposes. One conslderation, however, 1s that the record of
the blood pressure so obtained was that of a patient under
general anaesthesla and therefore not a true record of the
normal blood pressure reading of that patient. Nevertheless
1t was thought to be of interest to record several such
pressures and to compare the results against those obtained
simultaneously from the brachial artery by the usual cuff
sphygmomanometer method.

Two other Important investigations arose out of the
estimation of blood pressure in the sorta and the forcible
injection of fluid into it.

First, is there an appreciable rise in the intra-
aortlc pressure over any length of the aorta?

Second, 1f there is any rise in the intra-aortic
pressure 1s that transmitted in any degree to the renal arteries?

The lever apparatus used to obtaln the injection of
20 ml. of fluild in 1 sec. produced, at the time of the orlginal
experiment, an unknown pressure.

The most accurate method of measuring the pressure
of the blood stream is by the electro-manometer. If the rise

in pressure in the aorta was considerable there was a risk
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that damage to the machine might occur or a technical fault
develop and harm the patient by the introduction of non-sterile
fluid into the blood stream.

Whilst it did not seem likely that the introduction
of 20 ml. of fluld into the aorta even at great pressure and
very rapidly could raise the Intra-arterial pressure
significantly, 1t was thought advisable to carry out initial

experiments using a simple water-type manometer.

Experiment I.

A standard blood transfusion bottle containing
500 ml. sterile isotonic Darrow's solution, coloured with
Evan's blue and containing 500 unilts of Heparin, was set up
at a height of 8 ft. This was connected by means of a
three-way tap to a sterile glass tube set on a metre stick.
This manometer was filled and stabilised. After puncture
of the aorta, the adaptor was connected to the needle and a
direct reading of the blood pressure made on the manometer.
The result of thils rather primitive method was not completely
" accurate but was sufficiently so to permit an estimation of
the effect of injection. It was found that‘it gave In terms
of mm./Hg. exactly the same reading as the systolic preésure
obtained by the sphygmomanometer. There was a fluctuation

of 0.5 em., water.
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The next experiment was designed to measure the
rise of intra-aortic pressure resulting from the injection of
20 ml. fluid.

The radiographlc results of routine aortography
show that the dye rises a variable distance up the aorta.
This may be as much as 8 cm. There has not been any
appreciable distension or ballooning of the aorta at any polnt
as far as can be seen by X-Rays. Whether the pressure
required to dellver such a quantity through a small needle is
known or not, it is not possible to estimate theoretically
any intra-arterial rise. Unlike a problem of pure physics
many other factors are involved, such as the tone and
elastiéity of the vessel wall, peripheral resistance and the
effect of a moving column of heavy fluld. There remalned

only the practical experiment described below.

Experiment II.

A Darrow's solutlon manometer was set up and
stabilised. A No. 16 S.W.G. needle was inserted lower than
the usual position and placed so that the needle point lay
centrally in the aorta at the level of the middle of the body
of the 2nd lumbar vertebra. The three-way adaptor was
connected and the heparinised Darrow's solution dripped

through 1it.

A second No. 16 S W.G. needle was then introduced
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in the usual positlon so that 1t lay exactly at the upper
border of the second lumbar vertebral body. The dlstance in
the aorta between the two needles was approximately 2 cm.

The manometer was re~connected to the lower needle
and Injection made through the upper meedle.

The rise in the manometer followlng injectlion was
0.5 cm. H20,

There are certain obvious fallacles 1n such an
experliment. The rise in intra-aortlc pressure 1z sudden and
not sustained, the water-type of manometer does not accurately
measure such sudden rises and there 1s undoubted "damping"
due to the inertlia of the fluild column. Nevertheless,
allowing for such discrepancles, the Ilmportance of the
experiment was to demonstrate practically what had been
suspected theoretically - namely that the rise in pressure

was not significant.

Comparison having been made between aortic and
brachial pressure and the rise in aortic pressure after
injection by means of the water manometer, attentlion was now

turned to the more accurate measurements by elector-manometer.

Experiment III.

Aortic puncture was carried out in the ususl fashion

at the level of the superior mesenteric artery. When the
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It is a typlcal arterlal pulse pressure tracing and
differs in no way from those obtained elsewhere in the body.
Its only interest is that to my knowledge this is the filrst
occasion on which a direct record of the aortic pressure at
that level has been obtained in the human subject.

It 1s seen that the aortic pressure. is recorded in
this pstient as 115/70 whilst that of the brachial pressure
1s 110/65 mm./Hg. This slight variation appears to be fairly
constant as recordings made on three other patients gave

similar results.

In order to confirm the findings of the previous
experiment regarding the rise in aortic pressure following
forcible injection, a similar technique to that described in
experiment II was used. Two needles were inserted into the
aorta. The lower needle was connected to the drip and saline
perfusion by syringe carried out through the upper one. The
electro-manometer catheter was then connected and stabilised
to the lower needle and a tracing taken. Forcible injection
was then carried out through the upper needle. The pressure
tracing, Graph II on the following page, shows little
appreciable rise in the intra-aortic pressure.

It will be seen that there 1s a rise in pressure not
greater than 5 mm./Hg. This slight increase was followed by

a slowing of the rate and a fall in pressure from 190 mm. to
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considering the pressure transmitted to the renal arteries.

In order to determine the effect on the aortic
pressure above the site of injectlon, two further recordings
were taken.

In these Instances, forcible injection was made
through the lower needle and tracings taken from the upper one.
Again there was llttle appreciable rise not exceeding 10 mm./Hg.
in elther case. The importance of this is obvious.

If forcible Injection does not produce a rise
anywhere in the aorta comparable to that occurring normally
'in sudden stress or emotion, 1t 1s highly improbable that it

can in any way be injurious to any patient.

EFFECT ON CARDIAC CYCLE.

A further investigation seemed necessary when the
radiological results of aortography with forcible injectlon
were assessed. It will be seen on many of the films that
‘there 1s retrograde spread of the dye up the aorta. This
may be seen to extend as far as 8 cm.

Whilst the whole volume of the aorta was outlined

it was obvious that this was effected by spread and dilution
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of the dye from a thin jet and not from the complete arrest
of the aortic flow or by a column of dye of that calibre.
Nevertheless, it was not known what effect such a forcible
retrograde spread would have on the cardlac cycle.

The most accurate method by which such changes may

be recorded is by electro-cardiography.

Experiment IV.

Several patients had E.C.G. tracings carried out.
These were done simultaneously with the pressure recordings
described in the previous experiments. In no case was any

alteration seen on the electro-cardliogram.

These experiments confirmed the clinical observation
that no appreciable change was detected In the radial pulse or
heart beat. The use of forcible injection such as has been
described does not have any detectable disturblng effect,

translent or permanent, on the heart muscle.

INJECTOR PRESSURE.

Conslideratlon of the injector suggested that the

pressure which could be obtained by it on purely mechanical
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grounds was very great. What seemed to be Important, however,
was not the maximum pressure obtainable, but the pressure
actually used 1n introducing the dye.

It was found quite Impossible even to determine this
latter pressure by means of a water manometer - it would have
taken at least 40 ft. of water to do so. In the same way it
could not be investigated by the electro-manometer, which is
not Intended for great pressure.

A simple mercury manometer was fashioned, allowing

a readling up to 150 cm.

Experiment V.

The syringe and tubing fllled with water was
connected to the straight arm of a Y tube. To one of the
branches a No. 16 S.W.G. needle was connected whilst the
manometer was connected to the other. When injection of
20 ml. was made in 0.75 sec. a maximum pressure of 800 mm./Hg.
was recorded. #When a similar injection was made in 1 sec.
through a No. 18 S.W.G. needle, the pressure registered was
900 mm./Hg. It is of course quite possible to raise this
pressure further by the immense lever advantage which will
provide more rapid injection.

When a similar experiment was carried out using
manval pressure, it was found that injection of 20 ml. of

water through a No. 16. S.W.G. needle could not be done in
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less than 3.5 sec. This produced a pressure of 500 mm./Hg.
A simllar injection through a No. 18 S.W.G. needle recorded
a pressure of 600 mm./Hg.

A pressure of 800-900 mm./Hg. over 1 sec. produced
by an injector 1s not excessive compared wlth a pressure of
500-600 mm./Hg. by manual lnjection, sustained over 3-6 sec.

Certaln baslic factors must not be ignored. The
pressure although high is being exerted by a very thin stream
into an expansile column greatly in excess of it. It 1is
entering tangentlally against a moving column of heavy fluid
with 1ts own degree of pressure. The effect of velocity has
already been shown to be negligible and finally practical
experiment has demonstrated that the introduction of a small
quantity of fluld such as 1is used does not materlally ralse
the pressure 1in the aorta. No radiological ballooning of
any segment of the aorta has been seen and no 111 effect has
been noted in any patient.

It 1s felt therefore, that the forcible injection of
dye carrled out by this technique is a safe procedure and that

its use 1s justified by the results.
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PRESSURE TRANSMITTED TO RENAL ARTERIES.

Reference has been made to the possibllity of
transmitted pressure to the renal arteries, The results of
the previous experiments suggest thzt it cannot be very great
but 1t was consldered advisable to Investigate and verify this
point.

The only way by which any rise 1In pressure could be
determined was to take a direct reading from the renal artery
whilst injection was belng made into the aorta.

The sccurate blind puncture by needle of a renal
artery 1s impossible. It was therefore deemed absolutely
necesgsary to carry out puncture of the renal artery under
direct vislon during operation. Further, 1t was not
Justifiable to prejudice a patient in any way so 1t was
decided to carry out this experiment only where the kidney
was belng removed. As both the aortic and renal artery
punctures were being done under direct vision, the left
kidney was the obvlous cholce.

Accordingly a patlent with left renal calculi, in

whom nephrectomy was necessary, was selected.

Experiment VI.

At operation, a No. 16 S.W.G. needle was inserted

into the left renal artery so that the polint lay almost at
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its junction with the aorta. This needle was connected to
the manometer.

A similar needle was 1nserted into the aorta under
vision, 1 cm. above the first one, and with the point directed
downwards.

The usual rapid injection of 20 ml. Darrow's
solution was made.

The reason for directing the point of the upper
needle down towards the renal arterles was to obtain the
maximum pressure by using the normal direction of the blood
flow.

In actual practice the needle 1s always directed
upwards and injection made against the aortic stream. Thus
no matter whether the point of the needle lles above or
below the renal arterles this msximum pressure will not be
attalined.

This does not include Iinstances in which the whole

injection is made into one branch of the aorta,

Graph III on the following page 1s that obtained
in this experiment.

It is seen that after injection 1nto the aorta there
1s a very slight rise of 5 mm./Hg. in the pressure in the renal
artery. In this case there 1s no slowing of the rate or fall
in the pressure in that artery.

The electro-cardiograms taken during and after
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In a study of the causes and effects of hypertension
Byrom and Dodson carried out numerous experiments on rats as
followss: - |

A cannula was tled into the left carotid artery,
the point towards the heart. Rapid injection of 2 ml.
Ringer's solution was made some 15-20 times. The rise in
aortic pressure following this was between 80 and 90 mm./Hg.
recorded by a mercury manometer, During each injection the
cortex of the kidney was seen to blanch and histological
examination of the kidneys later showed a necrotising
arteritis. ' This affected almost 50% of the animals and was
marked in the arcuate, interlobular and afferent glomular
vessels., Wihen one renal artery was temporarily occluded the
kidney did not show such changes.

The conclusion reached was that brief artificlal
over-distension of the arterial tree in the normal rat causes
typical focal arterial necrosis, the smaller arteries of the

kidney being selectlvely vulnerable.

This valuable experimental study appeared at filrst
sight to offer serious criticism to the employment of
aortography particularly where pressure injection is made.

On several grounds, however, the comparison is not

exact.

As a result of personal experiment, it may be stated:-
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(1) The capacity of the aorta of a rat from the carotid
artery to the renal arteries 1s 0.5 ml. The forcible
introduction of 2 ml. of fluld increases that capacity 400%.
The capacity of the average human aorta over the same distance
is 110 ml. and the introduction of 20 ml. increases the

capacity less than 20%.

(2) The considerable rlse in pressure in the rat -
80-90 mm./Hg. is probably due to the excess filling and is
more a reflection of the pressure used in injection which was
not stated. In man, as has been described, the rise of
pressure in the sorta is not more than 10 mm./Hg. of Whicﬁ

only a fraction 1s transmitted to the renal arteries.

- (3) The production of arterial necrosis in 50% of the
rats required numerous (15-20) repeated injections, whereas

In aortography one or perhaps two injections only are made.

(4) Finally, practical proof is afforded by the absence
of necrotising arteritis ‘in kidneys removed from patients who

had undergone aortography.

It 1s consldered justifiable to affirm that the danger
of producing lesions in the human kldney as a result of
aortography comparable to the findings of Byrom and Dodson in

the rat may be discounted.
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INJECTION INTO ONE BRANCH.

There remains the question of the effect of both
pressure and velocity on one of the aortic branches should
the needle be placed exactly opposite its origin.

Three vessels only may be affected in this way,
the coeliac, superior mesenteric and right renal.

The greatest effect shown radiologically appears
to be when Injection is made Into the last named vessel.

Diodrast clearance tests suggest that there is a
total renal blood flow of 9Y900-1300 ml. per min. in relation
to a standard surface area of 1.73 sg. metres. (Applied
Physiology. Samson Wright, 1952.)

If equal function of the kidneys 1s accepted, the
flow through one kidney is some 7-12 ml. per sec. The
Introduction of 10-15 ml. produces a sudden rise of volume
to double the normal amount. This results in floodlng of
the kidney by the medium.

Whilst such an event 1s undesirable, the extensive
arterial tree and vast caplllary network, much of it in
reserve, appear to cope adeguately with this increase in
volume and pressﬁre.

Much of what has been sald regarding velocity and
pressure still applies in these cases. In addition the

needle does not by any means totally occlude these vesgsels
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even 1f 1t enters the lumen. For examrle, the average
dlameter of the right renal srtery 1s 8 mm. whereas thst of
the largest needle used 1s 1.5 mnm,

In my experlence, the Injection of guantitles of
dye up to 18 ml. into one zortic branch has not been attended
by any 111 effect. It 1s only falr at thils stage, however,
to mention that there are four references in the literature
to the adverse results from such an injection. Detalled
referencss will be made to this when the hazards of
aortography are discussed. In this respect, I conslder that
damage may result to the affected organs, as much from toxlcity
of the concentrated medium as the mechanical effect of
reasonable pressure.

Nevertheless, further experlimental work was carried
out to obviate such a mishsap. This consisted of the use of
a different kind of needle. I had made for me two such types.

The first contained a long lateral opening behind
the bevelled end which was "blocked off".

The second type was similar but with several smasller
openlings set sround the circumference.

In this way the projection of a stream of dye in
the axis of the needle was avolded and so prevented injection
directly into any single branch of the aorta.

In practice, such needles did not prove satisfactory

for two reasons.
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In splte of the orenings having a larger surface
area than that of the end of the usual type of needle the
resistance was greater.

More 1mportant, such openings did not permilt a free
retrograde flow of blood and it was not easy to be sure of
the correct positlon of the needle., Further, it was possible
for one of the openings to lie outwith the aortic lumen and
80 increase the possibility of extravasation. This did, in
fact, occur in one case,

For these reasons the l1dea was abandoned and a

return made to the usual type of needle.

CONCLUSIONS REGARDING THE USE OF MECHANICAL

FORCIBLE INJECTION.

(1) Velocity.

The results of the experiments carrled out on the
effect of the velocity of a thin stream of dye show that no
damage can be attrlibuted to 1it. There are sound physical and
anatomical grounds for believing that this is the case not
only in the sorta but also should the dye be injected directly

into one branch.
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(2) Aortic Pressure.

In spite of the considerable pressure used to inject
15-18 ml. in 1 sec. there 1s little appreclable rise in the
Intra-aortic pressure 1-2 cm. above or below the slte of
injection. There is no radiological evidence of aortic
distension at that point. The transmission of a small rise
in pressure such as 5-10 mm./Hg. 1s of no importance elther
In the aorta or any of 1ts branches.

The forcible injection of dye into the sorta and
1ts effect on the aortic pressure do not cause any changes

In the cardiac cycle recordable by E.C.G.

(3) Injection wholly into one branch.

This is a possibility which may occur particularly
where there is any abnormality in the site of origin of the
aortic branches. Under "normal" anatomical conditions with
a properly positioned needle it wlll not occur because both
the coeliac axis and superior mesenteric arteries lie anterior
to the line of the needle whilst the right renal artery lies
posterior to 1it. Except where puncture is made through the
Juncture of aorta and left renal artery, injection cannot be
made iInto the latter.

It cannot be denied, however, on purely mechanical
grounds, that the greater the pressure where the whole content

1s discharged into one branch the greater the possibllity of
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morbidity. This, however, is also dependent on the guantity
and type of medium used. No 111 effect has resulted in the
present series.

Where doubt concerning the positlon of the needle
point, or the presence of anomalous renal blood supply exists,
it 1s possible to check this by a prelimlinary injection of a
small quantity of dye before proceeding with the full

injection under pressure.

(4) Extravasation.

The use of forcible injection may be thought to
produce a greater degree of extravasation than by ordinary hand
pressure. This 1s largely dependent on the amount injected
rather than on-the degree of rressure used.

Extravasation may be due to faulty initilal
positioning of the needle. Under these circumstances it will
occur no matter how the dye 1s introduced. ¥here
extravasation results from dislodgement of the needle due to
movement during injection it has been my experience that this is
much more liable to happen with manual injection and manoeuvres
than with the use of a solid injector apparatus.

Accldents attributable to mechanical faults in
forcible injectlion apparatus could only occur when compressed
alr of a "gas machine" was used. No such accident has ever

been published but the techniyue which T use does not allow
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any such mishap to occur.

(5) Multiplicity of Vessels.

Reference 1s made elsewhere to the criticlsm that
forcible injection may outline too maﬁy vessels and obscure
the vascular detall of the desired area. Such 1s not the
case. The grestly increased detaill renders interpretation
easier.

It is my opinion, based‘on an experlence of one
hundred and fifty cases, that pressure injection is gulcker,
easler and safer than menual pressure, both for the patient

and the operator.
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TECHNIQUE.

ANAESTHESTIA.

The examination may be carried out under general
or local anaesthesla or a combination of these.

The latter appears to be the method used in certain
American clinics and conforms to the technique previously
mentioned for periphersl arteriography recommended by Brooks.

L see no adventage iIn submitting the patlient to
local anaesthesia and then instituting general anaesthesia
after puncture but before injection of the dye.

Local anaesthesia would appear to have certain
disadvantages. Even after adequate infiltration with the
anaesthetic solution the impingement of the needle against
the vertebral body can be painful. There may be guite severe
discomfort when the zortic wall is punctured and the necesszary
rapid iInjection of any of the recognised media may well occasion
an intense burning sensation throughout the abdomen. The pain
caused may result iIn involuntary muscle movement and this in
turn may lead to the needle being dislodged. Should severe
cramping movement occur it 1s not Impossible that actual
scarification or even tearing of the aortic wall may result.
The apparent advantage of having the complete co-operation of

the patlent, particularly in respect of control of respiratory
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movement 1s guite unreligble.

In the present series one patient only (Case 50)
was examined under local anaesthesia. 'his patient was most
co-operative but 1t was obvious that some acute discomfort was
felt and severe involuntary inspiration took place after
injectlon.

I therefore prefer the examlnation to take place
under general anaesthesia which seems to be more satisfactory
both for the patlent and the operator. The only disadvantage
lles in the slightly greater risk of general anaesthesla. The
complete arrest of respiratory movement can easlly be obtained
by the intravenous Injection of one of the relaxant drugs
such as Succinyl Choline.

The routine procedure used 1s premedlcatlion by
Omnopon gr. 1/3 and Scopolamine gr. 1/150. Soluble
Thiopentone is used for induction followed by I1ntubation.

The patient is turned to the prone position and anaesthesia
continued with Nitrous Oxide or Cyclopropane. After the
needle has been inserted into the aorta Suceinyl Choline is
injected intravenously. The usual dose is 2 ml.

After the fibrillary twitchings have ceased and
complete paralysis obtained ( 5-10 sec. after 1nje§tion ) the
dye ls introduced into the aorta.

One additional advantage of general anaesthesia 1s

that the blood pressure level may be more easlly controlled
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than during local anaesthesia. The denslity of the nephrogram
phase (which will\be explalned 1éter) is maximal with a
systolic pressure.between 90-100 mm./Hg. It 1s important,
however, to make sure that the pressure does not fall too low

as renal excretion ceases below 70 mm./Hg.

APPARATUS.

The necessary equlpment consists of the following:-

Needles
Three sizes of needles should be available.
(1) No. 16 S.W.G. (Ext. dlam. 1.5 mm.; int. diam. 1.0 mm.)
15 cm. long for use in adults.
(2) No. 18 S.W.G. (Ext. diam. 1.25 mm.; int. diam. 0.8 mm.)}
15 em. long for use in adolescents or suspected ‘
vascular disease. | |
(3) No. 20 S.W.G. (Ext. dlam. 1.0 mm.; int. diam. 0.6 mm.) i

10 cm. long for use in children.

These needles should all have fllled stylets and

Luer-Lok mountings.

eringes
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Syringes.
Two 20 ml. all-glass syringes with metal Luer-Lok
nozzles.
Tubling
Special rubber pressure tubing with an additional
woven sheath - 21" long.
Adaptors.

A three-way Luer-Lok adaptor may be useful but 1s
not necessary unless experimental work or further
injections are to be carried out.

One blind single adaptor for application to the

tub 1ng .

It has been found convenient in practice to have the
above equipment together with surglcal gloves, towels, swabs
containers and Anaesthetlist's armamentarium included in one
drum so that the set may be autoclaved together and be
available complete.

Injector

This has already been described.
Med lum

Sodium Acetrizoate 70% 1s the opaque medium of cholce.
Diodone preparations may be used but are not quite as
satisfactory. There 1s now no place for Sodium Iodide in

aortography.
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PROCEDURE.

The syringe and tubing filled with the medium,
previously warmed to blood heat, is fitted to the injector
and the blind adaptor applied to prevent leakage. The other
syringe may be filled with sterlle saline solution so that
perfusion may be carrled out 1f desired.

It is imperative that the patient be given a test
dose of the medium to be used bhefore proceeding further.
Reliance should not be placed on a previous uneventful
exdretion urogram as a different strength if not a different
drug may have been used.

This test dose may be glven any time previously on
the day of examination but 1t has been found expedilent to have
it given by the Anaesthetist before induction of anaesthesila
and so prevent wastage.

After anaesthesla the patlent is placed prone on the
X~-Ray table and a prelimlnary film taken to check position,
exposure and timing. It has been found useful to confirm
the presence of twelve ribs and the level of the 1lst. lumbar
vertebral body by incorporating in this film a small lead
marker which 1s subseguently removed.

The area is then cleaned and draped and puncture
carried out under aseptic precautions as follows:-

The needle is inserted through the skin just below
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the left twelfth rib, a distance of 8 cm. (four finger breadths)
from the midline of the spinous processes. It is directed
upwards, forwards and medisally in the direction of the first
lumbar vertebra, When the needle 1s felt to Impinge on the
vertebral body it is withdrawn some 2 cm. to clear the fibres

of the left crus of the diaphragm. The stylet 1s withdrawn and
the needle advanced more ventrally. Eventually the needle
slides past the left antero-lateral aspect of the vertebra and
enters the aorta. As 1t passes through the wall of the aorta
it imparts a sensatilon similar to but more pronounced than that
felt on thecal puncture.

It will be appreclated that there 1s some varilation
in the depth at which the needle enters the aorta, depending
on the size and build.of the patient. The average depth,
however, has been found to be 12 cm. from the point of the
needle.

The preliminary striking of the vertebral body is
regarded as an essential step for two reasons.

First, 1t is the surest way of placing the needle
near the centre of the aortic lumen. If the approach is more
lateral and "first time" puncture attempted there is a greater
risk of transfixing the walls of the aorta.

Second, it more surely avolds possible damage to
intra~abdominal organs.

The approach should be slow, sure and deliberate.
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When blood 1s seen®coming from the needle the latter
i1s rotated through 360 degrees to ensure that it lles freely
in the lumen of the aorta.

In the case of a No. 16 needle there is a pulsating
stream of blood. The finer needles produce a rapld drip.

After the needle has been properly placed, with the
bevel facing upwards, the rotary tubes of the X-Ray machine
are started, the tubing 1s carefully connected and rapid
Injection is made.

I aim to inject 15 ml. in not more than 1 sec.
Immedlately after the first exposure 1s made, the cassette 1s
changed as rapldly as possible and the next exposure made.
This 1is repeated. The average time taken to do this is about
4 sec. 80 that the films taken are - Immedlate, 4 sec. and 8 sec.

The needle 1s then removed.

Further films may be taken at 2 min. intervals if
excretlion urograms are required.

In the event of a second injection of dye being
required it is important to prevent clotting of blood in the
needle and so obviate a second puncture. During the time the
films are being developed and preparations beiﬁg made perfusion
wlth sallne or cltrate solutlon may be carried out or more

simply, the stylet replaced within the needle.
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ALTERNATIVE METHODS.

Alternative technlgues used in aortography consist
of the iInjection of dye through a catheter passed up the aorta
to the requlired level from an accessible branch below.

In 1941, Farinas first described this approach.

The femoral artery was exposed under local anaesthesla and a
long catheter fed up the aorta via the external 1llac to the
level of the renal arteries.

In order to avold damage to the femoral artery an
alternative approach using the lateral femoral circumflex
branch of the profunda femorlis artery was proposed by Goodwin,
Scardino and Scott in 1950, These technlques, however, were
éomewhat tedious and were shortly displaced bv the percutaneous
puncture of the femoral artery with a trocar. This was
subsequently followed by the passage of a polythene catheter
described by Filerce in 1951. This was also the method used
by Abeshouse and his colleagues 1n the same year.

Whilst I have no personal experience of these méthods
they have, in my opinion, certain disadvantages. The
translumbar puncture of the aorta 1s simple, quick and free
from serious hazard. The dissection and puncture of the
femoral artery is not free from sequelae such as thrombosls.
The retrograde passage of a catheter is not always simple and

repeated X-Ray exposures may be necessary to confirm the



74

position of the catheter.

Even with the percutaneous method sequelae sre not
infrequent. Whilst this method 1s used commonly to determine
the state of vessels below the femoral artery and 1s not
associated wlth appreclable morbidity thils does not apply where
a retrograde catheter is passed. Under these cilrcumstances a
much larger bore trocar is used than iIn peripheral arteriography
and there is an appreciable number of cases of haematoma
formation. The actual trocar used to permit the rassage of a
catheter i1s much larger than any needle used in translumbar
aortography. When comparison is made between the size of the
femoral artery and the aorta the relative size of the trocar
is considerably greater. The trauma inflicted by the catheter
is therefore much greater than that caused by the translumbar
needle.

I have been informed of two cases where a serious
traumatic lesion of the aortic wall was caused by the tubing,
resulting in the development of a complete obstruction in the
aorta below the site of the damage.

Finally, the published photographs of aortograms
and more particularly renal arteriograms do not Impress me as
being equivalent to the results obtalned by translumbar puncture
using the technigue which I have devlised.

Abeshouse and his colleagues, in the light of their

experlence both with the retrograde and translumbar methods,
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state that the latter 1s guicker and easier. They suggest
that the retrograde method be reserved for cases of aortic
aneurysm on the assumption that this approach is safer in
that condition.

I am by no means convinced that such is the case.
It is freguently possible to determine the approximate level
of a suépected aneurysm by other methods, clinical and
radiological. Translumbar puncture may then be performed
quite safely above that level as was done in three cases of

abdominal aneurysm in this series,
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INTERPRETATION.

The interpretation of a translumbar aortogram
requires a complete knowledge of the anatomy of the abdominal
aorta and its branches. Before making a detalled study of
the arteriogram to be interpreted it is essential to identify
and trace to its origin from the aorta each vessel shown.
Thus only may the exact anatomical relationship be established.

The 1deal picture in which to study a particular
branch of the aorta i1s one which shows only that vessel and
a short segment of the aorta with no other branch outlined.
This is impossible in practice.

Kention has already been made of the appearances
of one hundred agortograms which show the Impractlcabllity of
absolute accuracy in positioning the needle just above the
renal artery. This objection is sustained in relation to
other vessels. In addition to this there are many other
considerations which may influence the number of vessels
affected and the length of the sorta outlined. This 1s
largely dependent on the angle of the needle and the amount
and rate of injection of the medium. | Thus it is that in
almost every case vessels other than those particularly
desired azre filled and may overlie those which are to be

examined.

ention has zlso been made that forcible mechanical
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Injection does not necessarily increase the number and extent
of other branches compared with the pictures obtained by hand
pressure.

Even when thls does occur, the greatly increased
density of all vessels and the much higher proportion of
success 1in demonstrating the required vessel more than
compensate for any such criticism of this technique.

The greater the intensity and sharpness of the
arteriogram the easier the interpretation.

When injection is made for renal arteriography at
the level of the lst lumbar vertebral body many brancnes of
the sorta may be visualised.

Before making a detalled consideration of the renal
arteries some comment will be made concerning the other
vessels which mey interfere with the easy recognitlion and

interpretation of the vascular supply to the kidneys.

The phrenic arteries are seldom seen. They are
small vessels with a variable origin and they do not seem
to fill up well. In the few cases where they do show up
they do not cause any difficulty 1n the interpretation of
the renal blood supply because they have an almost vertical
course and lie above the vascular pattern of the kidney.

The coeliac axis 1s frequently seen in whole or in

part. Lt shows considerable variation in its level, type of
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origin and course but 1n the beginning it is a2 large vessel
which attracts the dye in a concentration similar to that of
the aorta at that level. ln the "normal" patient the coeliac
is a short stump which soon divides into three branches - the
left gastric, hepatic and splenic. In some cases, however,
this common trunk may continue for some distance before
branching.

The left gastric ertery 1s the smallest division
and has, to begin wlth, an almost vertical course. It seldom
appéars on arteriography and my impression 1s that this fallure
to fill well is due to its size and the haemodynamlcs of 1its
vertical course. Neither this artery nor its terminal branches
have given rise to any confusion of interpretation in the
present series.

The splenic artery, which is usually the largest
division of the coellac axls, frequently presents in whole or
in part. It 1s a thick and sometimes tortuous vessel
running up to the left side of the abdomen. In 1ts course
to the spleen 1t may dip down below the level of the left renal
artery. It may loop on itself or dlvide close to the aorta
and run out as two large vessels.

The short branches of the splenic srtery are seldom
if ever seen but where the entire vessel is fllled the left
gastro-epiploic vessel may be discerned. The terminal branches

of the main artery within the spleen are varlable - sometimes



79

presenting a regular dichotomy of diminishing calibre,
sometimes resembling a whorl of vessels.

To the Inexperlienced eye the splenic artery and its
terminations may at first appear easily confused with the left
renal artery. Certalnly it shows up frequently and may overlie
the renal blood supply both within and outside the kidney.
This 1s particularly the case where there is any splenic
engorgement. Nevertheless, there are several distinguishing
features about it. In splte of 1ts proximity to the renal
artery 1ts origin 1s always identiflable and it can confidently
be traced along its tortuous course. There is an absence of
branches from it until far out from the aorta. The terminal
branches do not resemble those of the kidney which are quite
distinctive and they lle much higher in the abdomen and
further out than the renal mass.

The other terminal division of the coellac is the
hepatic, frequently seen but not so commonly as the splenic.
It divides just beyond the right edge of the vertebral column
into its several branches and there may overlie the vessels
of the right kidney. After division into hepatic and gastro-
duodenal arteries, usually of about equal slze, the hepatic
artery continues upwards and runs above the upper pole of the
right kidney and medial to it before terminating in numerous

smaller branches in the llver.

The right gastric artery is not usually well filled
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and peters out before descending to run medially away from
the kidney.

The right gastro-duodenal does descend over the
right renal artery but even when 1t is quite well outlined it
has a course which crosses the renal vessels and should not
be confused with them.

Reference to Fig. (7) shows the true course of the
coellac branches in the 1living patient. This plcture was
obtained by injection wholly into the coeliac trunk.

The superlor mesenteric artery 1s a large trunk
arising like the coeliac from the anterior aspect of the aorta.
whilst it usually comes off a short distance above the renal
arteries its origin may on occasion lie almost alongside them
and 1t is not surprising that it is usually filled to some
extent. The vertical course downwards of the maln trunk
either to the right (40%) or to the left (60%) of the midline
does not occasion any difficulty in interpretation. The |
branches from it do not resemble those from the renal artery at
all. In the upper abdomen these branches are long vessels
finally anastomosing with each other well below the renal
substance. Where there 1s enlargement downwards of the
kidney, the mesenteric branches may overlie the lower pole
but may be seen to extend beyond the parenchyma of the kidney

and are easily traced out to their end distribution.

The suprarenal arteries like the phrenics do not
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usually show up well, They are somewhat variable in number,
origin and sigze. In addition to this the vascularlty of these
glands is not constant but dependent on the activity of the
gland which varies according to circumstances. Further
reference to this will be made when lesions affecting the
adrenal gland are considered.

The lumbar arteries are easily identifiable. They
arise from the lateral aspect of the aorta on each side and
run out transversely as far as the lateral border of the
vertebral bodies, at which point they turn posteriorly between
the transverse processes. This angle glves the appearance of
an abrupt termination and is guite unmistakable.

The testicular arteries are only occasionally seen,
usually on the right slde as slender vessels. They run out
transversely as’far as the tip of the transverse process at
their level of origin. Thereafter they pursue a vertical
downward course. (Fig. 24)

This transverse and then vertical angle had not
previously been appreclated as the usual anatomical description
(Gray's Anatomy, 1945) 1s that the course is obliquely down
from the aorta.

The inferior mesenteric artery is not usually well
outlined. Even when the entire extent of the abdominal aorta
s filled and the 1liac vessels are clearly seen, the inferior

mesenteric is not completely visualised. It is best seen
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when low aortic puncture is performed for delineation of the
iliac vessels In peripheral vascular disease. In these cases
it does not interfere wilth the detail of the lower aorta or
its terminal branches.

Occasionally, the deep epigastric arterles are seen
running up into the abdomen. This 1s very uncommon, however,

and only appears following low aortography.
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THE RENAL BLOOD SUPPLY.

1. Renal Arterlogram.

The renal arteries usually arise from the aorta at
a level between the lower border of the lst and the upper
border of the 2nd lumbar vertebrae, (Fig. 1)

Close to the aorta the arteries run out almost at
right angles but with a slight inclination downwards. This
downward direction i1s continued towards the hilum of the kidney
but 1t should be remembered that this angle may be appreclably
altered by the normal renal movement occurring during
diaphragmatic excurslon from respiratory movement.

In most cases the first division of the maln artery
takes place close to the hilum of the kidney and from there
these divisions run into the substance of the kidney. From
these divisions arise the lobar branches from which are given
off at acute angles the interlobar branches. These run up
between the pyramids and end in graceful curving branches -
the arcuate arteries.

Finallj from these arteries the fine interlobular
arteries arise at right angles. These arteries are end
arteries and there 1s no communicatlon between them.

It is to the arrangement of the lnterlobar and
arcuate arteries that the typical fan-shaped appearance on

arteriography is due. No other vessels 1n the abdomen
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present this appearance and the termination of the renal
arteries 1s quite unmistakable.

The examination of a renal arteriogram should be
systematic. Attention 1s turned first of all to the level
at which the maln artery leaves the aorta. If accessory
vessels be present, the level of thelr origin is similarly
noted. The size of the vessel at its origin and as far as
the primary division is assessed and careful attention turned
to any alteration in the calibre between these points. The
distance from the aorta at which the primary divisions take
place is measured and at the same time the relation of this
point to the renal hilum is noted. If, as 1is frequently the
case, the parenchymal outline of the kidney is not visible on
this film, it may convenlently be compared with the following
film which more clearly than any other wlll show the kldney
substance. These primary branches are followed into the
renal parenchyma and attention turned to thelr number and
distribution to the various parts of the kidney.

In the same way the course and relatlonship of any
accessory vessel should be carefully studied, particular care
being directed to the point of entry into the kidney.

These relatlonships are of great importance when
conservative surgical treatment of a kidney is contemplated.

Within the kildney the various smaller branches are

followed to theilr termination.
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The vascularlty of the kidney is considerable but
it 1s an even regular pattern of vessels of diminishing
calibre ending in the graceful fan-shaped arrangement previously
mentioned.

Any deviatlon from this on a successful arteriogram
denotes some abnormality.
‘ The first film, if taken fast enough, will show this
arterial pattern only. If, however, 1t is tsken slightly
later the fllm will show the arterial tree with not quite so

good definition and also the early nephrogram phase.

2. Nephrogram.

When the contrast medlum used consists of one of
the organic iodlde compounds, further informatiosn 1s available
concerning the kidneys. As the dye leaves the vessels whlch
have shown up on the arteriogram 1t enters the tiny arterioles
and begins to be eliminated by the renal tubules. This
condensation of the dye in the capillaries and tubules
produces on X-Ray a fairly dense shadow of the whole kidney
substance. (Fig. 2) To this the name "nephrogram" has been
given. |

The nephrogram represents the early excretory phase
of the kidney and is a very valuable indication of the total
functioning renal parenchyma. In some cases a distinction

may be made between the cortical and medullary parts, the
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former a?pearing somewhat more opaque. This distinction is
more marked when the Intravenous test dose has been
administered some time before the examination. In the
majority, however, the density is fairly even and is maximal
4-5 sec, after injection. This phase lasts up to several
minutes, gradually decreasing as the dye leaves the small
vessels and tubules to become concentrated in the distal
tubules and calyces.

The interpretation of & nephrogram 1s simple but
attentlon should be turned to certain features.

The outline of the parenchymal substance should
be smooth and regular. Irregularity and ™bossing" may be
made out in conditions such as tuberculosis or pyelonephritis.
In some cases the irregularity may be due to a perslstence
of foetal lobulation which in the absence of any other
pathological lesion 1s of little clinical significance.
Provided there 1s an adequate vascular supply, accurate
information regarding the size of the kidney can be established.

An alteration of the density of any part of the
nephrogram is significant of pathological change. Areas of
relative translucency denote avascularity and non-function of
that part. Areas of increased density denote increased
vascularity and are usually due to tumour formation. In this
respect it is important, if examining late nephrogram fllms

not to confuse the normal condensation in the minor calyces
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in the late excretory phase, with a pathologlcal process.
The nephrogram phase may prove to be the most

valuable dlagnostic film in certain conditions.

S. Excretlon Urogram.

Eventually, as the dye collects in the distal
tubules, calyces and renal pelvis, a typical excretlion urogram
appears. (Fig. 3) This is just the same as that obtained by
intravenous injection and requires no further description. It
1s a much slower process and requires an exposure of films at
Intervals of several minutes.

It is obvious that these three phases following
aortic injection of dye - arteriogram, nephrogram and urogram
are not absolutely distinct. They merge consecutively one
into the other.

The information concerning the kldneys obtained by
aortography 1s threefold. First, there is the degree and
anatomical pattern of the blood supply, then the extent of
functioning parenchyma and finally the function ahd anatomlcal
detail of the calyces and pelvis. In the words of dos Santos
"The anatomical pattern is superimposed on the physiologilcal

function."
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HAZARDS.

HAEMORRHAGE

We have already referred in the historical section to
the inherent dread of aortic haemorrhage and the association in
the minds of most medical men that there might result a sudden
messive bleeding similar to that from rupture of an aortic
aneurysm. Also the results of animal experiments did 1little
to relieve this anxliety.

Certain facts regarding the vractical results of
puncture in the human, however, must be given due prominence.

The aortic wall in man is a falrly thick and tough
structure. The strong medial coat has a large elastlic fibre
element which has a remarkable self-seallng effect. This
effect is enhanced by the track of the needle which penetrates
the wall obliquely at an angle of 45°,

My experience 1s comparable to that of many other
surgeons who have found that haemorrhage 1s not a serious
factor provided a careful, accurate technlque is used. No
record of a patient dying from haemorrhage following aortic
puncture has yet appeared in the world literature and several
thousand cases of successful aortography have been reported.

In addition, I feel sure that there must be many

instances in which the sorta was inadvertently punctured
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durlng lumbar ganglion block. I have been unable to find any
record of death from haemorrhage following that manoeuvre.

In order to assess the effect of puncture, Smith
Rush & Evans (1952) submltted 49 moribund patients to it.
Needle puncture was carrled out 30 hours to 4 days before death.

All of these patients were examined at autopsy and
in eight of them only, minimal bleeding around the aorta could
be seen. In the remaining 41 cases no evidence could be seen
of the puncture site. The series included seven cases of
severe hypertension and in five cases puncture was carried out
through an atheromatous plaque.

I have had the opportunity of examining at autopsy
5 patlents who dled subsequent to aortography.

In no case was 1t considered that the procedure
contributed in any way to death.

In three of the patients, careful inspection of the
aorta showed no evidence either on the external or internal
coats of any mark due to the needle puncture. = The cause of

death and time after puncture were as follows:-

Case (32) dled 6 days after aortography from a large
renal adenocarcinome with malignant deposits in both lungs and

adrenals.

Case (38) died 12 days after puncture and 2 days after

nephrectomy for sarcoma of the right kidney. Two punctures
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were made as the first Injection was followed by extravasation
but no evidence of either puncture was seen.
Case (29) died 24 days after aortography and 2 days

after operation for a perforated duodenal ulcer.

In the remaining two patlents evidence of the
puncture was seen in the intima and histological examination
was carried out through this area. In neither of them,
"however, was there any naked eye evidence of the needle mark
on the external coat.

The only published reference to the histological
changes following aortlc puncture is that of Wagner (1946).
He examined an area of zorta through which puncture had been
made seven months earlier and reported - "hyalinisstion and

fibrosis of aortic wall at probable site of sortic puncture.”

Case (102) male aged 46, died 8 days after
“aortography. Autopsy showed bllateral renal tuberculosis
and infiltrating carcinoma of the bladder.

Examination of the aorta showed no external evidence
of puncture but a tiny scar was seen 1in the intima on the
postero-lateral wall proximal to the orifice of the left renal
artery.

Histological examination of this area shows

(Section I) on the following page a track through the aortic wall
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additional period of three days is not sufficient to account
for the conslderable difference in the stage of healing. 1t
1s not unlikely that the presence of tuberculosis and carcinoma
had a profound effect on tissue repair. It is felt that

Case (77) 1is more truly representative of the normal course

of events and the appearances of the arterial wall are similar
to those described but not published by Crawford (1954) =as
occurring in the carotid arteries after puncture.

No further opportunity has arisen to confirm this.

The autopsy findings of these filve patients confirm
those of Smith and his colleagues that haemorrhage is not a

feature of aortic puncture.

The other method of determining the presence of
blood leakage from the aorta consists of the exposure of the
area during operation. As the aorta and consequently any
blood leakage is retro-peritoneal, assessment may be made
during extra-peritoneal operations, such as exposure of the
left kidney, ganglionectomy and the direct approach for

vagcular disease.

In the present series there have been 38 such
operations. In each case a careful inspectlon of the region '

has been made and in four instances evidence of blood outside

the aorta was found.
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In three of these cases the blood was considered to
have come from the aorta but in none of them did the quantity
exceed an estimated leakage of 30 ml.

In two of these three some difficulty was
encountered and a second puncture had to be made. In the
fourth case I am of the opinion that it resulted from trauma
to one of the lumbar veins and not from aortic leakage.

In no case could it be sald that the presence of the
extravasated blood rendered the operation more difficult or
prejudiced the patient's treatment or recovery.

None of the patlents in this series has shown any
systemic signs or symptoms suggestive of bleeding such as
elevation of temperature or local pain. I have been impressed
by thils - even the four patients with proof of bleeding at
operation made no complaint at all.

The cases included a number in whom hypertension,
arteriosclerosis and atheroma were present and these have not
given rise to any anxiety regarding haemorrhage. Twelve
patients had a systolic blood pressure in excess of 220 mm. /Hg.

Whilst the dangers of serious haemorrhage appear to

have been greatly exaggerated, this does not mean that a slow,

careful, accurate technlque can be neglected.

I have been informed of one fatal case (not published)
in which haemorrhage was reported to have been the cause of

death. No post mortem details are avallable but the patient
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was recelving Heparin therapy following a disobliterative

operation for peripheral vascular disease.

THROMBOSIS.

Vascular thrombosis has been responsible for at
least two deaths following aortography. (Melick et al. 1952.)
In each case, however, 20 ml., Sodium Iodide 80% was injected
In toto, directly into the superior mesenteric artery.
Reference has already been made to the necrotising effect of
such a strong solution of pure Sodium Iodide which has no
longer any place 1in arteriography. There 1s no evidence of
the modern organic drugs causing death from thrombosis even
when 1ﬁjected directly into the superior mesenteric artery

of the human or dog.

I have, myself, on several occasions injected a
considerable quantity of Acetrizoate into the superior
mesenteric artery or coeliac axls without any upset.

The mechanical effects of forcible Injection into

one of the aortic branches, especlally the renal artery, are

discussed elsewhere.

ALLERGY
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ALLERGY

Experience with aortography and urography suggests that

sensitivity to the drug raises the most serious potential
hazard. Whilst the modern organic iodide compounds are a j
great advance over Sodium Iodide they are by no means devoid of
systemic 111 effect. This 1s frequently noted in performing
intravenous injection for excretion urography. It may take
the form of any, or all, of the followlng signs and symptoms:-
nausea, vomiting, flushing, conjunctivitis, urticaria, headache,
resplratory distress, tachycardia or hypotension. Whilst
such reactions although common are usually transitory and
mild, they may be more serious and deaths have been recorded
following intravenous injection.

On more than one occaslon I have seen several
serious side effects such as profound hypotension and vasomotor
collapse.

There seems to be no reason to suppose that injection
of a drug intd the bloodstream via the aorta should be any
more toxic than injection into the bloodstream via a vein.

In arteries, toxicity 1s inversely proportional to
the capillary bed of the vessel Injected. For example, the
same dose is less toxic when injec%ed into the sorta than
when injected into the radial artery. Thus, apart from any
possible effect on the abdominal organs, aortography is less

serious than peripheral arterlography.



o7

Comparison between intra-arterial and intravenous
Injection appears to show that the effect of the drug 1is
greater on intravenous injection. It has been shown on more
than one occaslion (Opel, 1902: de Maurel, 1909) thét cocaine
injected into the aorta is ten times less toxic than cocaine
injected into the vena cava.

Ffurther it 1s recognised that too strong solutions
should not be used for cerebral.angiography as there is a risk
of convulsions. Even allowing for the fact thaet there is
a limit to the excretion rate of the drug by the kildneys, the
concentration in the cerebral arteries must be lower,
following aortic injection, than in carotid artery or
Intravenous injection.

In the description of the technique, the importance
and necessity of carrying out a routine test dose of the drug
has been stressed.

In one case, 1ln my experience, there was quite a
marked reaction to the test dose, consisting of widespread
urticarial patches and wheals, increased salivation and some

tachycardia. This reaction developed some ten minutes after

test injection whilst the patlent was under anaesthesia,
This patlent had an intravenous injection of 50% Acetrizoate

one week previously, with no reactlon. Aortography was

therefore abandoned.

In two other cases a very mild reactlon developed
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some four minutes after test injection but before induction

of anaesthesia. There was some doubt whether it was in fact

a sensitivity reaction to the drug. It took the form of a
slight erythema in the areas covered by a flannel gown. The
exposed areas of skin showed no such reaction. Following the
injection of anti-histamine (Benadryl é ml.) the affected areas
returned to normal. Aortography was proceeded with and no
further reaction occurred.

In the remaining cases there was no reaction
whatsoever, subjective or objective to the test dose or to
subsequent injection of 20 ml. of dye except 1n the one case
where the procedure was carried out under local anaesthesia.
In this case there was an intense burning feeling in the
abdomen during injection but this passed off within five
seconds and was attended by no other sensation or reaction.

Reference has already been made to the possibility
of renal damage either from pressure or toxicity when the
contents of the syringe are discharged into one renal artery.
Whilst I have observed no i1l effect from this accident, I
attribute this to the use of sensitivity tests and the
avoldance of excessive pressure. One presumably allergic
reaction has recently been reported by Riches. (1955)

The patient, a man of 51, received a double
injection of dye and developed an anuria lasting six days,

from which, however, recovery was complete.
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One fatal case has been recorded (Jasselson and
Kaplan, 1954) in which death was attributed to toxlcity of
Neo-Iopax. The patient was markedly hypertensive with

advanced cardiovascular disease and atrophic kidneys.

TRAUMA TO OTHER ORGANS.,

The anatomical studies have convinced me that serious
trauma to other organs should be a remote possibility. If the
technique described is carefully followed no such injury should
be possible. If, however, the approach to the aorta 1s made
too lateral or too medial there is a possibility of puncturing
some viscus. This has already been elaborated in the
discussion of technique.

Where spinal deformity exists, 1t 1s possible to
enter the spinal canal via an intervertebral foramen but under
such circumstances either clear cerebro-spinal fluid will
escape from the needle or there will be an absence of a free
flow of blood. It is unlikely that any harm willl ensue
unless injection of dye is made. Under these circumstances
there can be no excuse for such an accident.

Two mishaps of an unusual nature have been
reported in the llterature.

The first, described by Antoni and Lindgren (1949)

referred to "Steno's experiment" as a complication of
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aortography. This syndrome, first described in animals by
Niels Steenson of Denmark in 1667, consists of motor and
sensory paralysls secondary to aortic compression. In the
patient described, Antonl and Lindgren attributed the paralytic
manifestations to compression of the aorta from the thrust of
a pilllow placed under the abdomen throughoﬁt the operation.
This technique, by which they hoped to fix the aorta and
facllitate puncture, they have since abandoned.

The second was that published by Boyarsky (1954).
The patlent, a man of 63, had an abdominal aneurysm for which
translumbar aortography was carried out as a dlagnostic measure.
Eight attempts were required before puncture was effected and
in gpite of two injections satisfactory plctures were not
obtained. The patient developed motor and sensory paralysls
below the eighth thoracic segment from which partial recovery
only resulted. The theory was advanced that the spinal lesion
was due to toxicity of the drug (Urokon) acting on the spinal
cofd via the arteria radicularis magna. It seems to me that
the presence of an abdominal anéurysm, possible thrombosis of
the lumbar arteries or direct injury to the cord are more

convinecing explanations.

PAIN FOLLOWING INJECTION

The insertion of a falrly large needle through musecle
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mlight be expected to be followed by some degree of discomfort
and muscle stiffness if not by actual pain. This, however,
does not appear to be the case.

In 200 punctures carried out only 10 patients (5%)
have admltted, on direct questioning, to a feeling of slight
discomfort in the back, especlally on movement. This
discomfort did not last longer than 24 hours. Two patlents,
in whom dye extravasation occurred around the aorta, suffered
diffuse abdominal pain associated with distension. Of the
four patlients found at operation to have evidence of blood
extravasatioﬁ none made any complalint of muscle stiffness.

The commonest complaint raised by the patients
following asortography has been that of a "sore neck". Some
15% made this complaint - the conditlion being due to excessive
rotation of the head whilst under anaesthesia, owing to the

use of relaxant drugs such as Scoline.

EXTRA-AORTIC INJECTION.

This may result from improper positioning of the
needle in the filrst instance. The needle point may have been
apprdached too far laterally and transfixion of both walls of
the aorta occurred, or the needle may not have been ad justed
well into the lumen of the aorta.

Extravasation of the dye may result from
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displacement of the needle during injection or by some other
manipulation. This is largely a matter of technique and
should be avoildable.

It is imperative that a free constant drip or stream
of blood be seen coming from the needle before injection of
dye 1s made.

Should there be any doubt about the position of the
needle point, a small injection (2-3 ml.) of dye may be given
by hand and the position checked by X-Ray. One equally good
and qulcker method is to inject a small guantity of saline
and withdraw blood into the syringe. The ease with which this
can be done determines the advisabllity of further Injection
of dye. In the great majority of cases there 1s no need to
check the position as the flow of blood 1s quite dlagnostic.

One further accident which may occur 1s the intra-
mural injection of dye. This may occur in the proximal or
distal wall and 1s more prone to occur in any degree when
forcible injection 1is made. The injector apparatus described
however, gives a better indicatlon that such an accident 1is
happening than other methods used such as compressed alr or
strong spring action, as the resistance to lnjection is more
apparent.

The occurrence of extra-aortic extravasation does
not appear to be attended by serious 111 effect. There is no

indication for exposure and dralnage of the area.
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The extravasated dye 1s rapidly absorbed and does

not show on X-Ray films taken a short time later. Griffiths
(1952) found no evidence of residual dye on X-Ray examination
one hour after the extra-aortic injection of 20 ml. of Diodone,
My experience suggests that the absorption of the dye 1s even
more rapid. On one occaslon 15 ml. of dye (Urokon) was
extravasated round the aorta (Fig. 4). 4 second puncture and
injection was made within ten minutes and this shows (Fig. 5)
very falnt evidence of what had been a dense dye concentration
round the aorta.

This raises a point of practical Importance. In
the event of extravasation occurring, should a second injection
be made through a fresh puncture or should this be postponed
until another occasion? The circumstances wlll dictate the
best policy in the individual case.

I am convinced that a second puncture and injection
carries little additional risk. This has in fact been done
on three occasions without any 1ill effect. Should the
extravasated dye overlie the area to be examined, further
injection should be postponed for some fifteen mlnutes. This
of course, entalls a prolongation of anaesthesia, which may be
undesirable in certain circumstances. On the other hand in
the majority of cases this does not carry a greater risk than

that of anaesthesia at a later date.

It has been found that extravasation occurs when
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puncture does not produce a good blood flow. In ﬁhis event
1t is wiser to carry out another puncture at the same, or if
deslred, a different level. It cannot be too strongly
emphasised that a satisfactory blood flow is essential before
Injection.

Extra-aortic extravasation occurred in six patients
of whom two only complained of paln, In the first, the
abdominal discomfort did not persist beyond 12 hours. The
second patient (Case 159) received a second injectlon, the
needle apprarently becoming displaced whilst changing the tubing.
Marked abdominal pain and distension were present for 24 hours
but responded satisfactorily to sedation.

Intra-mural injection (Fig. 6) would appear to be
a more serious accldent but on the six occasions on which it
has occurred the dye was even more rapldly absorbed without
any apparent effect. In three of these some movement of the
patient occurred just before injection due to inadequate
muscle paralysls. This was considered to have caused slight
dislodgement of the needle. The possibility of the later
development of a dissecting aneurysm cannct be entlrely
excluded, but would seem remote in view of the results
published by Robertson and Viner Smith (1947). They showed
that even where a lesion of the intlma was present a sustalned
pressure of 500 mm./Hg. 1s necessary to produce a dlssecting

aneurysm. Such a pressure does not occur in the human.
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INJECTION INTO ONE AORTIC BRANCH,.

The discharge of the whole or the major part of the
contents of the syringe into one branch of the aorta may be
followed by morbid changes 1n the organs supplied by 1t.

Two factors may be held responsible for such
pathological changes - the effect of pressure and of toxicity.
Reference has already been made to two deaths reported in the
literature from mesenteric thrombosis following the injection
of 20 ml. 80% Sodium Iodide directly into the superlor
mesenteric artery. The cause of death was attributed in each
case to the toxic, necrotising effect of Sodium Iodide and not
to pressure.

Four other references to the injection of large
quantities of dye into one branch - the reﬁal artery - have
been published.

Melick snd Vitt (1948) reported a case in which the
needle was inserted into the aorta and "hit the juncture of the
left renal artery." 20 ml. of 80% Sodium Iodide was
introduced under pressure - they do not state how much pressure
was used. The patient complained of some paln in the left
loin for 48 hours and the urine contained an occasional blood
cell and granular cast on microscopy. Four days later an
excretion urogram and renal function both were normal.

Larsson and Palmlov (1952) guote two cases in which

all the dye was introduced into the right renal artery. In
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one case there was a translent fall in renal function, 1n the
other there was no effect at all.

The dye used is not given nor is there any statement
regarding whether or not pressure injection by mechanical
means was used.

The third reference was thét by Miller, Wylle and
Hinman (1954). They quote thelr experlences using a pressure
~apparatus described as a "gas machine®.

Case 1. 50 ml. of 70% Diodrast was injected into
the right renal artery. The petient developed some pain and
transient haematuria. Four months later the right kidney was
reported to show a degree of atrophy although the calyces were
normal. ‘'he published photographs of the excretion urogram,
however, do not suggest to me any material astrophy of the
kidney. Even accepting the opinion of these authors in view
of the difficulty in reproduction of photographs one strong
criticism remains. The introduction of 50 ml. of dye 1is
excessive and there is no direct evidence that the whole effect
(1f any) could be attributed to pressure. The sudden
flooding of the kidney with such a large quantity of medium
may have produced a local irritation effect.

Case 2. 50 ml. of dye was introduced under pressure
into an ™aberrant" renal artery. They state that there was

no untoward result.

In that case 1t cannot be quoted against the use of
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pressure injection.

Case 3. In this case two needles were inserted and
70 ml. of dye injected. Most of the injection was made
through one needle into the right renal artery whilst the
remainder was injected around the right renal artery as the
needle was not correctly posltioned inside the aorta,

This patient developed transient hypertension and
excretlion urography at seven weeks showed no function for the
right kidney. S1ix weeks later the urogram was normal.

This case hardly represents a falr commentary on
pressure alone. Not only was an excessive quantity (70 ml.)
Injected but part of it was extravasated around the renal
pedicle. Even there, however, recovery was complete,

Cases 4-7, had injections through two needles of 50,
60, 70 and 100 ml. of Diodrast. These patients all developed
a degree of anuria from which however, they recovered
completely. The description gilven of the course of events,
however, is absolutely typical of acute allergic reactlon.

In no case was a sensitivity test carried out before the
operation.

I feel strongly that the use of such quantities of
dye is unnecessary and neglect of sensitivity tests in using
them reprehensible. In addition, a further serious criticism
is offered. The pressure attained by the "gas-alr" machine

was 70 1lbs./sg. inch. This 1s equivalent to 3,800 mm./Hg.,
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almost five times the pressure attalned by the "injector
technique" and appears to me to be beyond all reasonable
practice.

The last reference was that of Riches (1955) which
has already been described under allergy. Whilst a quantity
of dye entered the right renal artery, no pressure apparatus
was uéed - the injection being made by hand. The patlent

made a complete recovery from the anuria which resulted.

Injectlon Into one branch occurred to a considerable
degree on two occasions in this series.

The first, was a young man of 29 years who was under
investigation for duplication of the left renal pelvis, The
puncture was made high at the level of the 1l2th thoracic
vertebra and the point of the needle lay opposite the origin
of the coellac axis. Injection of 16 ml. Urokon was made
into that vessel. (Fig. 7) No second puncture was made in
view of the unknown effect at that time of such an injection.
Careful clinical observation of this patient was made over the
next few weeks. No complalnt whatsoever was made by the
patient and no gastro-intestinal, hepatic or splenlc signs or
symptoms arose.

This picture, whilst affording no urological
information gave excellent detail of the coeliac supply and

suggests further uses for aortography in this field.
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The second, was a woman of 56 years of age. She
proved an interesting example of bilateral nephrolithiasis
associated with a tumour of the parathyroid gland. Nephro-
lithotomy had already been carried out on each kidney followed
by removal of the parathyroid adenoma. Following an attack
of left renal colic a year later, X-Ray examination showed a
stone in the lower left ureter. No functlon was visible on
excretion urography and neither a catheter nor dye could be
made to pass the stone which was impacted 7 cm. from the
ureteric orifice. Aortography was performed to determine the
state of’the left kidney.

Aortic puncture was carried out easlly, the needle
being inserted just below the middle of the 1lst lumbar vertebra.
Injection of 18 ml. Urokon was made in 1 sec. (Fig. 8)

A satlsfactory outline of the aorta and of the left
renal artery and its branches has been obtalned, the latter
appearing to be normal. On the right side the point of the
needle lies at a level corresponding to the middle of the
origin of the right renal artery. An excessive quantity of
dye has entered that vessel. The appearance 1s interesting
and instructive and has not been illustrated to such a degree
before. The renal artery and its main branches are densely
outlined, and there is a flooding of almost the whole of the
caplllary bed. This dense nephrogram effect, appearing in

the early film is undesirable from the diagnostic point of
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view apart from the possibility of subsequeént renal morbidity.
The distortion of the renal outline 1s due to the previous
operation. The area of avascularity running up from the
lower pole 1s considered to correspond with the site of the
Incision in the kidney. Whilst this patient had a degree of
hypertension this could not be attributed to this area of
apparent lschaemla as she had a ralsed blood pressure before
operation. The density of the nephrogram was continued into
the next few films and only dimlnished 25 min. later.

This mishap caused apprehension regarding the
possibility of renal damage and a careful clinical observation
was made of this patlent. The following day she admitted on
questioning to some discomfort - not pain - in the right loin.
There was definite tenderness in the right renal angle. This
lasted a further 24 hours after which no clinical abnormality
could be found. Repeated examinatién of the urine showed no
haematurla, gross or microscopic, nor were any casts seen.

Six days after aortography her output belng unchanged, left
ureterolithotomy (W.B.S.) was performed.

Two weeks after the operation an excretlon urogram
showed no impairment of renal function, the condensation and
excretlion of the dye being quite satisfactory and equal on

both sides.

In this case no 111 effect, other than transient

renal tenderness, followed the injection of a considerable
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guantity of dye dlrectly into the right renal artery.

It cannot be denled that such an event remains a
potentlial hazard. The Insertion of the needle well above the
renal artery origin will obviate damage to the kidney but will
not preclude Injection into the coelliac or mesenteric vessels.
The injection of the dye at such a level or even higher will
not produce such satisfactory fllms. It may be that puncture
below the renal artery and forcible iInjection, as described in
cases (116, 73) (Figs. 187, 124) willl provide satisfactory

plctures and freedom from this risk.

CONTRA-INDICATIONS.

Apart from anaesthetic congsiderations the only
positive contra-indications to translumbar aortography consist
of severe renal impairment and ilodlide sensltivity. The

.procedure is no more dangerous in tuberculosls than any other
form of urograﬁhy. Hypertension and arterlo-sclerosis do not
preclude its use if the patient is fit to undergo a short
modern anaesthetic. Attention should be pald to the use of

anti-coagulant therapy in vascular disease.
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Whilst I have no experience of the procedure in
infants, age is no bar to 1ts use.
- The youngest patlient in this series was a boy of

fourteen and the oldest a man of elighty-three.

FAILURE TO OBTAIN SATISFACTORY PICTURES.

l. Fallure to Puncture the Aorta.

Once a proper understanding of the technique and
some practice have been galned, preferably on a dead body, the
chances of failing to place the needle in the aorta willl
diminish. Even in experienced hands, however, this event
may happen. There 1s usually, in such cases, some associated
deformity of the spine such as scoliosis, lordosis or kyphosis.

Failure to enter the aorta has occurred twice in
my experience. In one case the patient had a gross deformity
due to old tuberculous disease of the spine which showed
well-marked Pott's deformity with kyphosls and scoliosis.

This was an early case but with increasing experience it was

found feasible in a simllar condition (Case 106. Fig. 176)

to perform a satisfactory puncture.
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. In the second case there was 2 pronounced lordosls
but no lateral deviation of the spine. This patient was
five months pregnant and it was felt undesirable to prolong
the examlnation. On reflectlon, it 1is highly probable that
puncture could have been effected at a higher level than the
lst lumbar body.

In the older patient with advanced arteriosclerosis
there 1s sometimes quite marked deformity of the 1liac vessels
and even of the aorta. It is of importance to realise this
as freguently it 1s just such a condition that calls for
aortography. It is usual in doling thls for vascular disease
of the lower 1limbs to puncture the aorta at a level not higher
than the 3rd lumbar vertebra from which level downwards the
aorta frequently deviates. If difficulty in puncturing at
that level is encountered, another attempt should be made
higher, bearing in mind that at the 12th thoraclc vertebra the
vessel 1s more fixed and almost constant in position at the

aortic opening of the dlaphragm.

2. LExtra-aortic injection.

Reference to this has already been made under Hazards.
Satisfactory plctures will be obtained after such a mishap
provided the second injection 1s made at a tlme when any dye

overlying the area to be examined has been absorbed.
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3. Incorrect site of puncture.

The slte of election of puncture for renal
arterlography 1is between the origin of the superior mesenteric
artery above and the renal arteries below. Thls, however,
takes no account of the variation in level of the renal
arteries in the otherwlse normal person, nor does it include
the numerous cases of supernumary vessels Iin normal kidneys
or the extreme variations in the blood supply to congenital
renal anomalies. Nevertheless, for the usual case, it remains
the preferred site. The technique origlinally employed of
slow injection called for a reasonable degree of accuracy in
placing the needle above the renal arteries but was impossible
to achieve when the level was unusual. The technique
described of forcible injection covers that difficulty by

producing a concentrated “head" of dye which ascends the aorta.

4, Slow’Injection.

This is by far the commonest cause of fallure to
obtaln satisfactory pictures.. In the early stages of the
present series most of the unsatisfactory pictures were due
to slow rate of injection by hand pressure. Comment has
already been made regarding the necessity for ensuring a rapid

concentration of dye by the use of an injector.
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5., X-Ray Factors.

Satisfactory exposure factors should be confirmed
by preliminary fillms taken before injection. Such films
will also confirm the presence of twelve ribs and the exact
level of the 1lst lumbar vertebra, etc. Elaborate X-Ray
equipment 1s not necessary but 1t 1s essentlal that there be
most exact co-ordination between injectlion and exposure of
films. A mechanical device for automatic exposure at a known
time and after the injectlion of a known quantlty 1s not

necessary but is very helpful.
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SPECIFIC CONDITIONS.

Throughout this study the opportunity has been taken
to investigate a variety of conditions.

It will be appreciated that it has not been possible
for a number of reasons, to examine every patient whose |
condition might have proved 1interesting or instructive.

In a number of cases where a dlagnosis had already
been made by other methods aortography was performed for three
reasons,

First, to sscertain the anglographic appearances and
relate them to the findings of other diagnostic methods.

Second, to define constant anglographic changes in
specific conditions.

Third, to determine what additional information of
practical wvalue may be elicited.

In other cases it was performed to clarify
equivocal findings or provide a diagnosis when other methods

failed to do so.

Comment is made in the short introduction to each

section regarding the anglographic appearances to be expected
in the various conditlons. This has been done so that the

case notes and illustrations may more readlly be followed and

appreciated.
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CONGENITAL RENAL ANOMALIES.

When one considers the development, migration and
rotation of the kidneys and their complicated stages of bléod
supply, it 1s not surprising that congenital anomalles are
more frequént in the genito-urinary tract than any other
system of the body.

It 1s generally agreed that the presence of a
congenital malformation of the kidney renders the organ more
prone to disease. This is particularly so in the case of
urinary obstruction, infection and lithiasis.

The employment of aortography in the diagnosis
and management of congenital deformities of the kildneys
seemed to be particularly suitable for the followlng reasons.

Such conditions are almost invariably assoclated
with an abnormal blood surply. Accessory or aberrant vessels
may be a factor in the causation or continuation of lesions
affecting the kidney. The knowledge of the blood supply may
be extremely useful in planning any surgical treatment -

conservative or radical.

The diagnosis of every congenital renal anomaly
i1s not always possible by urography alone and 1s never complete.
Angiography, with few exceptions such as those affecting the
collecting system, will furnish the diagnosis if not known and

complete the investlgation by demonstrating the arterlal supply.
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Nephrography will outline the renal parenchymal mass
better than any other method. In addition the information
regarding potential function 1s superior to that obtained by
excretion urography in such conditlons.

Apart from furnishing the information that an
anomaly of the kldney 1s present, arteriography and
nephrography may also be the only method of demonstrating

radiologically the presence of disease in such an organ.

EMBRYOQOLOGY OF THE KIDNEY.

Before discussing the anglographic findings in
the different congenital anomalles of the kidney, the
following brief summary of the development of these organs
‘1s given to explain the extraordinary variations which may
affect them.

The pronephros is the earliest form of excretory
organ and consists of a series of tubules enclosing a network
of capillaries at their proximal ends. Distally they empty
into a common excretory duct - the primitive ureter. These

tubules arise from body segments which later form the cervlcal
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region in man.

The pronephros is an extremely transient and
primitive excretory system, 1ts whole development and
degeneration being completed between the third and fourth
weeks of embryonic life.

Whilst this degeneration is proceeding, a second
serles of tubules develops more caudally In the intermediate
cell mass to form the mesonephros. Each mesonephric tubule
has an expanded proximal end into which 1s invaginéted,a
caplllary plexus to form the earliest glomerulus. The
tubules distal to this, differentiate into a secretory and
collecting part, the latter emptylng into the mesonephric or
Wolfflan duct which communicates with the cloaca. In turn
the mesonephros (except a number of collecting tubules)
degenerates at the third month and 1s replaced by the meta-
nephros which forms the permanent kidney.

This structure, the metanephros, arises from the
distal end of the nephrogenic cord which is an undifferentiated
ﬁnsegmented cell mass situated caudally in the embryo. The
secretory poftion of this renal blastema consists of renal
corpuscles and secretory tubules.

The excretory duct of this renal mass is formed from
a budding from the Wolffian duct. This ureteric bud grows
craﬁially to enter the renal blastema which forms a cap around

lts distal expanded end. This end becomes flattened as the
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ureter grows and develops a cranial and caudal 1limb
representing the upper and lower major calyces. These later
divide to form minor calyces.

As a result of further branching, numerous tubules
are formed, each capped with a cell nest from the secretory
nephrogenic tissue. Eventually junction occurs between the
secretory and collecting tubules.

As the ureter lengthens through growth of the body,
the metanephros moves from the bony pelvis into the abdomen
and comes in contact eventually with the adrenal. This
upward migration of the kidney to 1lts deflnitive position
opposite the second and third lumbar vertebrae is accompanied
or succeeded very shortly by a rotation of the long axis of
the organ. %¥hilst in the bony pelvis the hilum faces forward
but when final ascent has occurred, the hilum rotates so that .

1t faces medially.

RENAL BLOOD SUPPLY.

"The earliest blood supply to the kldney consists
of the efferent branches supplylng the primitlve glomerulus
of the pfonephros. These vessels arise from the dorsal aorta

but with the rapid degeneration of the pronephros they do not
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perslst in any form.

The mesonephric arterlies take origin from the lateral
splanchnic branches of the dorsal aorta. These lateral
splanchnlic vessels supply mesonephros, testis or ovary and
suprarenal gland.

The distribution of the blood supply to the meso-
nephros is not regular. At the cranial end there may only
be one branch to several segments whereas at the caudal end
there may be as many as four arterles to each segment. In the
normal course of events most of these arteries disappear along
with the degeneration of the mesonephros. Those vessels
originating between the sixteenth thoracic and third lumbar
segments persist as phrenic, suprarenal, renal, accessory renal,
Internal spermatic and accessory spermatic.

The definitive blood supply of the fully developed
kidney may be developed in two ways. It may simply be a
survival of the mesonephric stage of development - a view
first ennunciated by Broman (1906.)

Bremer (1915) however, clalmed that there is no
absolute specificity in the blood supply to the kidneys or
intestines but that the ultimate supply was governed malnly

by mechanical convenlence.
Numerous sprouts are sent out by the aorta at the
different stages of foetsl development and these branch and

i{ntercommunicate both vertically and horizontally and from
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these channels any one may become a permanent vessel. These
multiple renal arterles represent the persistence of several
such sprouts from the aorta. Similarly, an extra-renal
branch of the 1lllac, inferior mesenteric or middle secral
artery represents a persistence of the more caudal elements
in the anastomosis. (Anson et al. 19386)

Whatever the exact method by which the final blood
supply 1s assured, there is no doubt it is segmental as regards
1ts origin from the aorta and its main branches.

All observations confirm the belief that the kidney
has abundant vascular connectlons during its entire period of
development from the time 1t begins to ascend and rotate up
to 1ts fixed permanent position. Any disturbance of this
normal migration of the kidney is likely to be attended by a
disturbance in the distribution of the blood supply.

There are three ways in which the blood supply to
a kildney may be abnormal. The main renal artery may have an
unusual distribution, accessory vessels may be present or there
may be a combination of these.

. With regard to accessory vessels or branches
entering the parenchyma separate from the renal sinus there
are many variations.

Upper polar arteries arising from the maln renal
vessel usually do so at a point not far from the hilum of the

kidney. Upper polar arteries may arise direct from the aorta
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and enter the medial border of the kidney, usually further
removed from the hilum.

Lower polar arteries from the main renal vessels
are not so common.

Lower polar arteries arising direct from the aorta
however, are falrly frequently found and may be of considerable
surgical importance. Apart from the danger of damage to
them during operations on the kidney there 1s a close
- relationship to conditlions such as hydronephrosis and those
reqﬁiring resection of the lower pole.

The ligation of any polar artery cannot be carried
out with Impunity in every case. The former practice of
temporary compression of such a vessel and the assessment of
ischaemia so produced is unreliable. Aortography offers a
surer knowledge of the area supplied by such an artery.

There are several ways in which a main renal artery
may divide at the hilum of the kidney.

The usual distribution consists of the main artery
forming two divisions before the vessel reaches the hilum.
One of these - the anterior or prepelvic - crosses the anterlor
aspect of the renal pelvis and supplies the apical, upper,
middle and lower segments of the kidney. The posterior or
retropelvic division passes directly to the angle of junction
of the posterlor aspect of the renal pelvis and the posterior

lip of the hilum. It forms an arch beneath this lip before
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entering the parenchyma to supply the posterior segment of the
kidney.

Apart from the occurrence of a polar artery arising
from the main vessel or aorta, the anomalies of renal artery
pattern which are of surgical importance are as follows:-

(a) The renal artery divides into a number of prepelvic
and retropelvic branches. The latter form a fan-like network
over the posterior aspect of the renal pelvis.

(b) The retropelvic artery passes obliquely across the
posterior aspect of the pelvis instead of forming an arch
beneath the posterior 1lip of the hilum.

(c) The main renal artery enters the kidney by passing
across the back instead of the front of the renal pelvis.

Arteriography will show the number and course of the
Vessels around the pelvis. It 1s not always possible to
determine which vessels are in front and which lie behind the
pelvis. This can be done if an ascending urogram is carried
out at the same time. Stereoscoplic films will also help to
distinguish the depth of the vessels or 1f necessary three
dimensional photographs may be made. (Figs. 234,235,236. )

The latter method is rather elaborate for ordinary practical

purposes and is more applicable for anatomical teaching.
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CONGENITAL SOLITARY KIDNEY

Congenital absence of one kidney is by no means
rare. It 1s sald to occur once in a thousand autopsies.

Congenital solitary kildney 1s signified by the
complete lack of development of one of the paired organs.
There 1s entire absence of nephrogenic tissue on the one side
and usually absence of the ureter and corresponding half of
the trigone. The solitary kidney may be found in the normal
position or in ectopic or even crossed ectopic position.

The anomaly appears to be due to an arrest in the
development of the nephrogenic element of the Wolffian duct,
so that the primitive nucleus of the permanent kidney falls
to form.

The absence of one kidney does not 'incapacitate
its owner for the normal physiological functions of 1life.

The solitary kidney is, however, particularly prone to disease
and its loss 1is fatal. The association of a pathologlcal
process such as infection or stone, leading to anuria and
death, has frequently been recorded in the medical literature.
Tragedies have been reported from time to time in which a
solitary kidney has been removed surgically. Thomson-Walker
collected eighteen cases from the literature in which a
solitary kidney was surgically removed, resulting in uraemia

and death within a few days.
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The greatest importance, therefore, of the condition
lies in 1ts recognition. Thls knowledge, moreover, may be a
vital factor in the management of any dlsease affecting it.

The diagnosls of solitary kidney is usually made
b& cystoscopy, excretion and retrograde urography.

In the majority of cases such methods prove adequate,
both for diagnosis and assessment of functilon. Where the
results from such examinations are not satisfactory, however,
renal arteriography will prove helpful and even more
1hformative.

The presence of one ureteric opening in the bladder
seen on cystoscopy usually suggests solltary kidney, especlally
where there is a deficiency of the trigone on the other side.
Nevertheless, it is possible for the ureters of two kidneys to
fuse before entering the bladder as one opening. Should
excretion and retrograde urography be unsatisfactory or the
cystoscopic findings in any way be doubtful the diagnosis may
remain equivocal.

Aortography performed in such cases of solitary
kidney will show a complete absence of a renal artery on the
affected side. Particular care should be taken to trace the
outline of the wall of the aorta on that side. Where the
entire kidney is absent the renal artery is also absent and
the aortic line 1s regular and unbroken. In cases of auto-

nephrectomy or hypoplasia the stump of origin of the artery
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will be seen or at least there will be a slight notch in the
aortic wall at that level. There 1s a complete absence of
nephrogram effect.

Apart from affording such dlagnostic proof of the
congenital absence of one kidney, arteriography determines
more fully the conditlon of the solitary kidney. Where
surglical treatment of this kidney 1s required it must of
necessity be conservatlive and the information provided by
angiography should simplify and clarify the contemplated
procedure.

One other consideration may be worthy of mention.
Instrumental examination is not entirely free from sequelae.
Should infection be introduced into a solitary kidney the
management of the patlent may be gravely altered. The use

of arteriography may well be justified on these grounds alone.

In this series six such cases have been examined

by aortography.

Case (1) E.C. Female aged 32.
History
This woman sttended the Surglical Outpatlient

Department in March, 1953, compleining of pain in the right
loin. The pain, which had been acute at times, had been

present intermittently for four months. Clinicel examination
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revealed no abnormality and the paln was considered to be of
renal origin. Excretion urography was carried out and showed
the right kidney to be normal in respect of function and
calyceal outline. No excretion of dye was seen on the left
side. Numerous opacities were present in the left renal area
and 1t was thought that these might be due to calecification and
and that autonephrectomy of a left tuberculous kidney had
occurred. She was sent to the Urological Department for
further examlnation.

Urological Investigatlon.

No clinical abnormality was found and the urine
contained no abnormal constituents.

Cystoscoplc examination on 3.4.53 revealed congestion
of the mucosa in the region of the normal site of the left
ureteric orifice. The latter could not positively be
identified and so retrograde urography was not possible. It
could not be stated to what degree, if any, defective trigone
was present.

Arteriography was performed on 8.5.53, after
admission to hospital and 1s i1llustrated in Fig. (9). This
shows a right kidney outline, normal in size, shape and
position. The rensl artery to it 1s large and has a normal
site of origin, course and distribution.

There 1s complete absence of any arterial segment

on the left slde. The aortic wall is smooth and unbroken.
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T%p small vessel seen running dlagonally up to the left edge
of the second lumbar vertebral body 1s a typical lumbar artery.

The nephrogram phase showed as would be expected
complete absence of nephrogenic tissue on the left side, whilst
the right was normal in all respects.

In this case the usual examination methods did not
prove conclusive whereas arterlography provided a definlte
diagnosis of congenital solitary right kidney.

No operative treatment was indicated and the right-
sided paln gradually subsided. After treatment with a
sedative alkaline mixture she was discharged home and has
remained well since.

This was the first occasion on which the injector
was used and was the first really satisfactory plcture to be

obtained.

Case (2) M.C. Female aged 23
History |

This young woman was first seen as an outpatient
on 29.4.55, She stated that for the last three years she
had suffered from "leakage after passing urine". This
incontinence was variable and occurred also at night. She

had no other complaint.

She had been investigated at another hospital a year

previously and was told that "the left kldney was lazy and
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not working well'.

Urologlcal Investligation

On clinical examination the lower pole of the right
kidney was easlly palpable but otherwise no abnormality was
found. The urine examination was normal.

Cystoscopy on 29.4.55 showed & normal bladder
capaclty and mucosal appearance.

The left ureteric orifice was not identified.

Excretlion urography on 4.5.55 showed a normal right
kidney but no evidence of dye on the left side.

On 9.5.55 a further examination of the bladder was
made but retrograde urography could not be done as the left
orlfice again was not identified. Indigo-carmine was
Injected intravenously and appeared in 3 min. at the right
orifice but failed to demonstrate any left opening. The
report of this examination stated that the presence of a left
orifice "must be regarded as equlvocal."

It was unlikely that her incontlnence was due to
an ectopic ureteric opening in view of the absence of such on
clinical examination of the genitalia and the short history of
the complaint. As the conclusions following chromo-cystoscopy
were not absolutely definite it was decided to employ
aortography.

On 15.8.55 after admission to hospital this was

carried out. The result of this examination was not
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satisfactory due to a technical radiological fault - the first
cassette being moved too soon. The examinatlon was repeated
four days later.

The arteriogram (Fig. 10) clearly shows a double
blood supply to the right kidney. The main vessel, which 1is
the upper one, arises at the level of the lower border of L.1,
whilst the accessory artery arises one vertebral body lower,
and supplies the lower third of the kidney.

There is complete absence of a left renal artery,
the wall of the aorta in that region being quite clear and
continuous.

The nephrogram (Fig. 11) shows a good large right
renal shadow and complete absence of renal tissue on the
left side.

The diagnosis of solitary kidney was thus complete
and definlte.

No operative treatment was necessary and the

patlient responded to Pro-Banthine therapy.

Case (3) J.D. Female aged 20
History

This girl was admitted to a medical unit in March
1955, complaining of right-sided pain. This had been present
constantly for the previous ten days and was associated with

frequency, dysuria and slight terminal haematuria. She was






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































