The Variability of the Vascular Supply

to the Ureter

by

E. D. varverikos, B.A. I\V’I.Do

Anatomy

THESIS

Submitted in partial fulfilment
of the requirement for the degree
of Master of Science,

McGill University,
Montreal, Cansda,

May 1951,



ACKNOWLEDGEMENTS:

The work presented in this thesis was done between 1950 and
1951 in the Department of Anatomy, Faculty of Medicine of MeGill
University. It is my great pleasure to express my thanks to
Dr. Ci P, Martin for giving me the opportunity to work under him
in this Department, and to acknowledge my gratitude to him for

directing and criticizing this work.

To Dr. A, D, Campbell, who throughout this period of study

lent encouragement and constructive eriticism, my sincere thanks,

To Dr. Elizabeth Virginia Lautsch, my gratefulness for tue
translations of the German authors, Feltal, Frommolt, Protopopow

and Wiebel,

For the photography and correlation of material, my thanks to

Mrs. Phyllis Mawdsley.

For the typing of this thesis, my thanks to Miss Doreen

Matthews,

Por making it possible for me to acquire material, other than
that supplied by the Anatomy Depertment, I am grateful to the Royal

Victoria Hospital and Herbert Reddy Memorial Hospital,



TABLE OF CONTENTS

SURVEY OF LITERATURE: Page 4 to Page 14.
Includes all literature contributary to the study of the
ureteral arterial supply in the English, French, Germsn, Italian

and Spanish languages from 1892 up to and including 1950.

TECHNIQUE: DPage 15 to Page 17,
A simple method of injecting liquid latex into the arterial

sygtem of a foetus or new-born.

RESULTS AND CONCLUSIONS: Page 18 to Page 30
Discusses the variebility of the arterial supply to the
ureters and stresses the necessity of preserving the supply at

the terminal portion of the ureters,

SUMMARY: DPage 31to Page 33.

Sumnmarizes the findings of this work.

BIBLIOGRAPHY.



INTRODUCT ION

This study of the arterial supply to the ureter was made because
of the prevalence of injuries to the ureter in pelvic surgery and
gynecologic complications to the ureter and kidney following pelvic
intervention,

R. Brooke Bland of Philadelphia, reporting in the Medicsl Jour-
nal and Record of 1925 on surgicel injuries to the ureter in pelvie
operations, states that in 361 injured cases the types of injuries
were, listed in order of frequency: ligation, incision, excision and
necrosis due to vaseular interference, Dr. Fred J. Taussig of St.
Louis, in the American Journal of Obstetrics and Gynecology in 1934,
writing on iliac lymphadenectomy with irradiation in the treatment of
cancer of the cervix points out: That the size of a gland did not de-
termine whether it had metastasis or not: that irradiation of the
cervix did not alter lymph node metastatic growth: that glands involved
in order of frequency were, ilisc obdurator, ureteral and sacral, and
from these the second stage group, lumbar sortie, inguinal and common
iliac, Again in 1935 Taussig, in an article on the Removal of Lymph-~
nodes in Cancer of the Cervix, points out that radium implantation is
not satisfactory and stressed the importance of complete lymphadenec—~
tonmy, especially the parametrial, ureteral, obdurator and iliac
groups., It will be readily seen then how, following a panhysterectomy

where an attempt has been made to clean out the lymph-node masses, it
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has often been noted that the ureter lies in the pelvis like a loose
wire across a floor, and one can readily understand why the compli-
cations would involve the pelvic portion of the ureter. As radical
surgery in the pelvic area becomes more and more important and a
thorough cleansing of the pelvic glands more common, we note in the
statistics that the first and most common complication is fistulas of
ureteral origin, secondly necrosis and atrophy of the kidney of the
ureter involved, and thirdly acute dilation of the ureter with reten-
tion.

Feeling therefore that damage to the vascular supply is the main
factor in all complications following pelvie intervention, this study
was undertaken in order to understand the variability of supply. I
use the word "variability", for if one looks at our standard text-
books one comes to the conclusion that there is nothing actually defi-
nite. Gray's gives no explanation of the aterial tree. Cunningham
refers to vessels that may come off in the abdominal portion from the
renal or gonadic arteries, and in the pelvis from the vesicals or
middle rectal arteries. L. Testut in Vol., 4, 7th edition, gives the
best description: the calices and pelvis are supplied by branches
from the renal; the abdominal and iliac portions of the ureter by the
renal, gonadic, gortic and, or common, iliac; the pelviec portion by the

internal iliac and by the vesical in the male or uterovaginal in the
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female., The intra-vesicular portion is also supplied by the arteries
directly supplying the bladder.

Testut quotes Latarjet and Laroyenne who published a paper in
Association Anatomique de Marseille in 1908 on Notes Anatomiques sur
les Vaisseux de L'Uretere, - "From these main branches a very fine ana-
stomic mesh of capillaries end in the superticial layer of the mucosa
by forming a finer meshwork,.,"

Obviously the textbooks do not supply sufficient information for
comprehensive understanding of the problems involved in radical

surgery in this area,



HISTORY

The earliest and complete study of the ureteral blood supply
was made by Dr,., John A. Sampson of Johns Hopkins. In the Bulletin
of Johns Hopkins Hospital of February 1904, Sampson quotes Quin's
Anatomy, London, 1896,- "The ureter is supplied with blcood from the
small branches of the renal, spermatic, internal iliae and inferior
vesical", He also quotes Morris in his paper of Surgical Diseases
of the Kidney and Ureter, published in London in 190l1,- "The arteries
which supply the ureter are branches of the renal, spermatic, or
ovarian and vesical, they anastomose freely together in the walls of
the ureter and the blood is returned by éorresponding veins", A
third source found in Sampson's work is Van Barderben's Handbuck der
Anetomie, where Gustav Fisher of Jena, in 1902 stated,~ "The ureteral
vascular supply comes from many sources: in the abdomen, branches
from the renal artery extend down over the abdominal portion of the
ureter: the spermatic artery also furnishes the abdominal portion of
the ureter: the spermatic artery also furnishes the abdominel portion
of the ureter as it crosses this organ: the pelvic portion is supplied
by the middle hemorrhoidal and inferior vesical artery™,

Ssmpson shows that the main arterisl branches lie along the wall

of the ureter and are held there by loose connective tissue. The



large branches run longitudinally in the adventitia and give off
branches which pierce the muscularis layer and go into the propris,
there forming a mesh-~like net., This capillary system extends from
the propria in two directions, 1) to the epithelium, and 2) to the
muscularis., The veins of the ureter begin in the propria and from
this a veinous plexus 1s formed in the muscularis. A second and
lerger veinous plexus is formed in the adventitia. He also points
out a peri-ureteral arterial plexus with branches utero-subperi-
tonealy which have origin from the sorta, renal, gonadic, and iliac
of uterine arteries. These main branches divide in two, one to the
ureter and a second subperitoneal branch supplying the tissue near
the ureter. Concerning the ureteral branches: these divide into as-
cending and descending branches attached to the ureter by loose
fibrous tissue and anastomose freely with the other branches. Thus
about the ureter there is a relatively large arterial trunk running
longitudinally from kidney to bladder. From this trunk smaller
branches arise to form a freely anastomosing plexus in the peri-
muscular fibrous tissue, and small twigs from this perimuscular
plexus leave the ureter and supply the tissue about the ureter.
Sampson also states that the subperitoneal vessels supplying
the tissue sbout the ureter and the peritoneium over this area may

also anastomose With ureteral plexus branches and therefore help to



supply the ureter. Branches from the uterine and vesical arteries

of one side may anastomose with branches from the other side. In his
experimentel work with dogs, he showed that the larger blood vessels
mey in part be destroyed by stripping them off and if one so destroyed
the superficial plexus the smaller deeper branches would take over,
However, if these smaller branches are destroyed by scraping the wall
of the ureter, necrosis follows, and if one ligates vessels to the
ureter above and below a point to be stripped, necrosis follows,
Veinous plexus injury must also embarass circulation to a degree vary-
ing with the extent of the injury. Sempson's conclusion from this is
that the ureter could be dissected free from bladder %o kidney if the
peri-ureteral arterial plexus is not impaired. He quotes Margorvicei
and Monari who, in experimental work with dogs, isolated the ureter in
its entire length and still had a perfectly viable ureter. Butb
Protopopow in Butrage zur 4Anatomie und Physiologie der Ureterem, in
1897 calls attention to the fact that he is unable to show a similarity
in blood supply to the ureter of dogs and man, and he does not know if
such a dissection would leave a viable ureter in humans. Even so,
Frammolt did experimental work with dogs and steted in 1927 that he
was quite successful in that necrosis very seldom foliowed extensive
dissection. However it is now established on the authority of several

men, that the ureteral blood supply of man and dogs do not compare.
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Sempson goes on to quote Feital, who points out that the upper
part of the pelvic portion of the ureter receives its biood supply
from the medisl side, e.g., from the gorta, the common and internal
ilige vessels and the lower part from the vessels lateral to the
ureter, e.8., the uterine and vesical arteries. In exposing the
ureter, he advises that the upper part of the pelvic portion should
be exposed by opening the peritoneum lateral to the ureter, carrying
the incision across it &t the middle of the pelvie portion and con-
tinuing down along the lower pelvic portion medial to the ureter.

Thus he says, the nutrient vessels will not be injured,

In gross dissection Sampson spesl:s of a peri-ureteral sheeth,
and though his cross-sections of the gbdominal portion d4id not show
it, he says he can make it out with a little imagination. This shesth
is more definite in the pelvis, and cross-sections here show a defi-
nite sheath ahout the ureter, which seems to be a thickening of the
pelvic tissue through which the ureter plays. Such a section is shown
in Sampson's article, where a definite ureteral sheath surrounding
the ureter and peri-ureteral arterial plexus is evident. Toward the
bladder, the ureter shows a reinforced muscular bundle, Waldeyer, in
1892, refers to this as arising from the bladder, but Disse in 1902,
states this reinforced muscular bundle to be hypertrophied sections of

the ureter not related to the bladder., This peri-uretersl sheath is



adherent %o and partially derived from the structures about the ureter,
therefore it is in close contact with the utero-vaginal and vesical-
vaginal plexus of veins and if these are removed when +the peri-ureteral
sheath is pulled away from the ureter, necrosis will follow, and because
the sheath tekes partial origin from the ureter, the ureter will becone
fixed in scar tissue causing adhesions and therefore functional inter-
ference leading to partial or complete ureteral obstruction. This
Sampson shows in dog experimentation where after sacrifice, the ureter
was found to be dilated proximsl to its point of imbedding in scar
tissue,

Following Sampson's excellent work, W. J., Mayo, in Canada Lancet
in 1907, states in The Surgery of the Ureter, that though he was
taught that the ureter had only one blood vessel supplying it, he now
felt it to be one of the best supplied organs in the body.

In 1927 a German by the name of Gunter Frommolt in Zeitschrift
fur Geburtschiilfe Und Gynakologie, in a paper Uber Die Artereillen
Kollateralbanen Un Menschlichen Ureter, demonstrated that: the upper
portion of the ureter is supplied by branches from the renal artery,
the middle third by the ureteral artery proper, and the lower third by
branches from the arteries to the urinary bladder and the uterine., By
the uretersl arteries, Frommolt means the arteries which may come from

the aorta, common iliac or internal iliac, He says that some authors
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mention a branch from the spermatic arterial plexus to the lower
third of the ureter and the middle hermorrhoidal artery as also
giving a branch,

Frommolt injected 43 individuals; new-born, children and
adults, with 22 satisfactory results. These 44 ureters showed a
total of 40 renal branches, in the four remaining cases he be-
lieved that two lacked branches due to imperfect injection and the
other two were found to have branches from the capsuler artery.

He found only three cases where branches came off the gonadiec
artery. The ureteral artery was found in every case, often as two
or even three branches on either side. In the lower third he found
branches from the superior vesical,yas deferens, or the uterine in
the female, and noted that the primary vessels prior to attaining
the ureter break up into several branches going up and down in the
adventitia, From these secondary branches he found tertiaries pier-
¢ing the adventitia obliquely which all anastomose freely.
Protopopow in 1897 and Disse in 1902 have already described these
branches,

Frommolt injected natural red into the renals and ultramarine
blue into the internal iliaecs to demonstrate the anastomosis men-
tioned above, He ligatured the ureteral artery and then injected

the aorta with red oxide of lead solution and by x-ray pictures
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showed adequate blood supply by other channels. Also the hypogastric
or internal iliec was injected and showed anastomosis regching up to
the kidney. He conecludes that cutting one or other of the vessels to
the ureter will not cause damage. He also cut most of the longitudinal
branches and injected a blue solution into the aorta and was able to
demonstrate in one case adequate supply to the ureteral adventitia,
However on further disection of the ureter he revealed a deeper vas-~
cular network in the wall of the ureter and concluded that damage to
the adventitia would cause necrosis of the ureter,

Cyril AR, Nitech, in Proceedings of the Royal Society of Medicine
of 1931, on the Transplantation of the Ureters into the Large Intes-
tine, shows that failure of transplant was due to vascular supply im~-
pairment to the ureters. He points out that the pelviec portion of
the ureter is supplied by the superior vesical and middle hemorrhoidal
and that the supply varies in size, length and position. He states
that Mr. A.L.P. Jeffery, demonstrator of Anatomy at St. Thomas Hospital
has shown clearly that the gonadics do not give branches to the ureter
below the pelvic brim. Dr. Nitch goes on to say that if the wvascular
supply is high off the pelvic brim the transplant will be gvod, but if
the supply is low, near the bladder, it will be difficult to‘make a
good transplant and when the supply is very low and must be cut, success

is questionable,
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In the British Journal of Urology, 1942, W.F. Harper published
a8 paper on the Observations on the Blood Supply of the Buman Ureter.
In his introduction he first points out that successful transplant is
the result of an unaffected blood supply and that the vitality of the
ureter must be maintained. To support this statement he quotes Nitche
Pointing out how the pelvic supply is variable in size, length and
position of the ureteral branches from the superior vesical énd middle
rectal, he observes that when these vessels are coming off near the
brim of the pelvis they can be preserved without diffieulty, but if they
come off near the base of the bladder the transplant is difficult and
if sectioned the vitality of this portion of the ureter is impaired,
Harper's personal observation from 10 foetuses and 12 adults after in-
jection with india ink through the aorta of the former, and through
the renal, testicular and vesicals ot the latter, showed that the
renal srtery supplied calyces, pelvis and the proximal segment of the
ureter, end that their descending branches anastomosed freely with the
ascending ureteric branches of the gonadic. (The present author wishes
to note that when an accessory renal artery is present, this anastomo-
gis is most marked), Anastomosis was noted freely in the extra-peritoneal
tissues, renal fascia, adipose tissue and the supra renals. From the
gonadic the branches come off both above and below it where it crosses
the duct and these anastomose with the rengl, accessory renal and

ureteric branches from the sorta, common iliac and superior vesical, In
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the pelvis the gonadic artery did not give any branches.

The aortic branches come off the anterior lateral aspect and go
into the extra-peritoneal tissue over the pscas msjor and anastomose
on the ureter with branches from the testiculesr, common iliac or
superior vesical below. In the pelvis the chief source is from the
vesical gnd middie rectal, and in the female from the uterine
arteries, The inferior vesical artery brsnches anastomose with those
of the superior vesical and middle rectal, the anastomosis with the
riddle rectal being constant, The middle rectal gives branches above
the level of the spine of the ischium which pass via the adjacent
retro~peritoneal tissue to the seminal vesicles, prostate gland, vas
deferens or upper vagina. 'These primsry branches form a dense and
complex outer plexus in the adventitial connective tissue., Microsco-
pic study showed arterioles of 30 to 40 mu passing from the adventitia
through the muscularies and forming a finer plexus in the lamina pro-
pria, from which branches go to the muscularis. The lower segment of
the ureter lies in an extra-peritoneal area richly vascularized by in-
ferior vesical and middle rectal arteries,

Dr. Joe V., Meigs in 1945 on the Wertheim operation for carcinoma
of the cervix, in the American Journal of Obstetrics and Gynecology,
quotes Dr, James M, Neil who pointed out an artery supplying the

ureter just as the uterine artery goes over it, and since the uterine
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artery is sacrificed in these operations, it is important how and
where it is sectioned. Meigs showed that ureteral fistulas were
12,3% of the complications, and that these occurred around the upper
part of the vagina where the ureter makes a groove on the wall of
the vagina as it goes into the bladder,

The last published work in medical literature is by John P,
Michaels, who in Surgery, Gynecology and Obstetries Revue of 1948
showed a study of the ureteral blood supply and its bearing on necrosis
of the ureter following the Wertheim operation. He points out that the
ureter receives its chief blood supply from the major vessels along the
route of the ureter, that is, rengl, abdominal aorta and common iliac.
The ureteral artery arises from these vessels running laterally to
reach the medial side of the ureter where it divides into a T with an
ascending and a descending branch, These branches run parallel to
the ureter in the loose peri-ureteral areolar tissue and anastomose
with similar branches above from the rensl and gonadic and below with
branches from the uterine and vaginal, inferior vesical and sometimes
superior vesical and may anastomose with branches from the middle hemorr-
hoidal. These branches send smaller branches to supply the ureter in
their immediate viecinity. He points out that the vessels in the abdomen
reach the ureter on its medial side, while those in the pelvis, on its
lateral aspect. Since the long ureteral branches ramify around and over

the ureter, anastomosing with each other above and below and by
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secondary braenches pilerce the muscularis, any injury to the wall of
the ureter will affect the secondary branches whereas the primary

arteries are easily injured in the periphery of the ureter. From

his charts he has concluded that the main blood supply to the

ureter may be multiple, the scurce being either the abdominal aorta,

common iliac or a combination of these. The main supply may there~
fore be endangered in freeing the ureter through its pelvie source
or during pelvic lymphadenectomy. The ureteral branches from the
renal uterine and vesicals, while constant are but short branches,
These however play an important part in the peri-ureteral anasto-
mosis, Ureteral branches from the internal spermatiec (or ovarian)

are inconstant and are generally small twigs.

In surveying the literature to determine whether the plexus
of arteries in the museulature of the ureter could nourish the
ureter ir the peri ureteral arterial plexus were damanged or
stripped off, the concensus of opinion still holds with Sampson who
stated, "one would suppose that the destruction of the periureteral
arterial plexus for only a short distance would lead to necrosis of
the ureter, for even if there should be a free anastomosis of the
deep arteries of the ureter, on account of their size and small
numbers, one would not suppose that they would be capable of main-

taining the nourishment of the ureter for any great distance".

Many others have contributed to the medical literature on the

ureters, but have not been mentioned here because their work did

not bear directly on the problem involved in the present author's work.
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TECHNIQUE

The method developed by Ethel Lieb for injecting the arterial
tree was first tried, with only fair results. The method developed
by Narst, Loef and Narat required equipment which was not available,
Also this method seemed to hold the possibility of rupture of some
of the vessels, and the disadvantage of clearing the veinous system
as well as the arteries so that injected material would fill the
veins and make them indistinguishable from the arteries. Gamble's
method proved to have some of the same disadvantages. The method
finglly used was extremely simple and entirely effective,

When an autopsy was required in the case of a new-born specimen,
injection had to be made prior to the autopsy and with as little
damage as possible. Permission was obtained to go into the thorscic
cage, tie off the pulmonary hilum and cut out the lung to get at the
thoracic sorta, The aorta contained blood which was squeezed out,

A glass cannula was then inserted into the sorta and tied in place
with two sutures around the aorta. Next a slit was made in the ab-
dominal wall so that a small loop of intestine was visible. Then
with a rubber plunger syringe an injection with 20 to 40 cc's of red
pigmented latex was made into the sorta by way of the cannula.
Pressure and amount of latex was judged by watching the vessels on the

loop of intestine protruding from the slit in the abdominal wall,
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When these arteries were completely injected, the cannula was removed
and the aorta tied off, When the Pathology Devartment was interested
in the case,the particular organ of interest was disected out, taking
care that, as much as possible, the retroperitoneal system of the
posterior abdominal wall was left intact. The remainder of the speci-
men was then put in the refrigerator for 24 hours, in which time the
latex had set., After eliminating the abdominal viscera, the uro-
genital system was removed en bloe, down from the diaphragm and with
the terminal portion of the sigmoid and rectum. This portion of the
bowel was later dissected ocut of the bloce A rectangular frame was
then made from a glass rod and the specimen sutured to it: through the
kidney laterally, the sorta above and the bladder below. The specimen
was then fixed in a mild solution of formalin, or in later specimens,
Kisserling 1, in order to preserve the color.

The ahove method was so entirely successful that 1t was used on
all foetal and new-born specimens from the time its trial proved it ef-
fective.

Dissecting out of the vascular tree was done under water in a
glags pie plate which, when placed on a Keleket X-Ray view box, allowed
light to penetrate from below. A magnifying glass with a light on =
stand provided light from sbove, and the vessels were carefully traced

to the ureters, genitilia, bladder and peritoneum covering these,
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The adult specimens: 5 male and 2 female: were Department of
Angtomy material and had already been impregnated with a preserving
mixture of acid, aldehyde and alcohol. These specimens were injected
with a red lead mixture, but it was felt that all the vessels might
not have been completely injected, and the possibility of error was

such that adult dissection was soon discontinued.
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The arterial supply of the ureters of adults, new-borns and
foetuses was studied with the following questions in mind:

l. Are any of the arteries constant, and if so what are

their characteristies with regard to the ureterzl seg-
ment supplied, position, and direction of vessels?.

2+ Are some of the vessels inconstant, and if so what are

their characteristies with regard to length of ureteral
segment supplied and size of vessel?

3. How closely is the vascular supply of the ureter associated

with that of the peritoneum covering i%?

It was always born in mind that due to blockage of a vessel,
injection might not have beean complete. Therefore the following data
may in some measure be in error, however it is felt that the obser-
vations made are as correct as is reasonably possible.

A study of the adult chart shows that the only constant artery
to the ureter was from the renal artery. This supply may be from a
single branch or occasionally from two branches. It may come off the
renal prior to that artery reaching the kidney pelvis, or after it
has reached the pelvis. If it comes off in the kidney pelvis the
branch is found on and adherent to the adventitia of the hilum, The

branch may run down on the anterior or the posterior aspect of the
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ureter, and if there are two branches, one runs anteriorly and one
posteriorly.

All the remaining arteries to the ureter found in the adult
group were inconstant as shown in the chart, though branches from
the common iliae and gonadic arteries were more nearly constant than
the others, The compsaratively few branches shown from the uterine,
vesical and vas arteries gives, it is believed, a misleading picture
and is attributed to the pre-injection embalming of the bodies whieh
apparently caused constriction of these small vessels, so precluding
the red lead mixture,

Due to the above mentioned constriction of the smaller vessels
it was not possible to observe anastomosis of any of these vessels,
It is also obvious that under the above mentioned conditions no ob-
servations as to the importance of inconstant vessels camn be made.

In the renal area the ureteral branches were not adherent to
the peritoneum in any of the seven specimens, but rather were found
to be imbedded in the peri-renal fat tissue. Below this area and
more particularly at the terminal portion of the ureters, the vessels
were found to be adherent to the retro-peritoneal areolar tissue, In
the peri-ureteral sheath, which is a condensation and thickening of
the areolar tissue around the ureter, branches of the vesical and

uterine or vas arteries form a peri-uretheral plexus.,
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In the new-born and foetal specimens the branch trom the renal
artery was found to be nearly constant, being absent in only one
specimen, This supply may be single or douvle (figure 1l). It may
come off the renal artery or the accessory renal, before or after
these arteries enter the kidney pelvis (figure 2). A branch may
come off one of the hilar branches or it may come off a peri-renal
branch after it enters the peri-renal fat tissue, where it may send
a branch to the ureter and one to the hilum, The branches may run
anterior or posterior to the ureter and if there is more than one
branch they may run both anterior and posterior to the ureter, If
the kidney has an additional supply near its inferior pole this extra
artery may give off a branch to the ureter posterior to it. In a
few cases in the adult specimens this showed up well, If it is
present this vessel is usuelly smell, about half the size of the
vessels usually found supplying this portion of the ureter,

In general, the upper third of the ureter is supplied by one or
two relatively large branches from the renal artery, but it may be
supplied entirely by many small branches from the other sources
menticned, The branches from the renal artery rarely send out anas-
tomotic branches to the arterial tree of the peri-renal fat and
fascia, though they run through, and are supported by this peri-

renal tissue. Branches from the renal artery do not generally run
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down the ureter below the upper third of this organ, and they lie
in areolar tissue adhering to the adventitia of the ureter, where
they send twig-like branches to the muscularis (figure 2).

Branches from the abdominal aorta, present in 46% of the cases,
are most often bilateral (figures 2, 3 & 4). They are often small
branches and run laterally in the retro-peritoneal areolar tissue,
They throw off branches to the peritoneum which anastomose freely,
forming a vascular plexus with anastomotic branches from the gonadic
and other abdominal branches and branches coming down from the renal
capsule. They may even cross and anastomose with branches from the
other side (figure 3)., Occasionally a branch arises at the bifur-
cation of the gorta into the common iliasecs. As a rule this source
will immediately divide into many tentacle-like branches which will
supply both ureters from this single source (figure 5). The abdomi-
nal aortic branches always approach the ureter frcm the riedial aspect
and split into upward and downward branches running alongs the medial
gide of the ureter where they lie loosely in the areolar tissue on
the adventitia. The upward running branch may anastomose with a
branch from the gonadic artery which, if present, comes off its
parent vessel as this crosses the ureter on a more superficial plane.
(figure 3)., These branches from the gonadic artery were found con=-

tributing to the supply to the ureters in 48% of the cases, and it
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was noted, as stated by previcus writers, that these branches did
not run down below the pelviec brim.

The largest branch supplying the ureter comes off the common
or internal iliac arteries (figure 6), The constancy of this branch
was found to be about 60% to 65%, and it comes off the medial aspect
of the iliac, curves laterally over the parent vessel and anproaches
the medial side of the ureter. It throws off small branches in the
areolar tissue on which it lies, thereby making it adherent to the
peritoneum (figure 3), Prior to reaching the ureter this primary branch
divides into seccndary branches, one rupnning upwards and one downwards
in the areolar tissue close to the adventitia of the ureter, and as a
rule the upward branch is larger than the downward one {(figure 7).
These secondary branches lie locsely in the areolar tissue and are
often rather tortuous (figure 8), They throw off branches to the peri-
toneum and thereby help to anchor the ureter t¢ the peritoneum. It
may be significant that in the one case where no rengl branch to the
ureter was found, the upward secondary branch from the iliac artery
supplied the ureter up to the hilum (figure 1). When branches from
both the common and internal iliac arteries were found supplying a
single ureter, it was noted that they were usually smaller than when
a branch from one or the other was present slone, and that their supply

to the ureter tended to be less extensive, both upward and downward
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along the ureters.

Only one ureter was found that was not supplied by a branch
from the aorta, common iliac or internal iliac arteries. All other
ureters had some source of supply from these arteries. Three ure-
ters were supplied by a branch from the sorta only; seven by a
braneh from the common iliac only; and five from the internal iliae
only. One third of the ureters were supplied by branches from two
gources; a branch from the sorta and one from the internal iliac or
occasionally the common iliac Being the most frequent combination,
but nearly as 6ften a branch from each of the iliac arteries. Appro-
ximately one fifth of the ureters were supplied from all three
sources.,

The supply to the lower or ferminal portion of the ureter is
mainly dependent on the sex of the specimen. If female the supply
will be from the uterine artery (figure 5) and was found to be con-
stant in this sex; if male, the supply will be from the inferior
veslcal artery and sometimes from the vas artery, but branches from
these sources were not found to be constant. There may also be an
additional branch from the internal iliac artery, such as the middle
hemorrhoidal, and the downward secondary branch from the common or
internal ilisc has been found at this level (figures 9 and 6), but in
one third of the female specimens the supply was found to be solely

from the uterine artery. The branches from the arteries supplying
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the genitalia are very small (figure 10) but form a highly important
plexus in the perifureteral sheath at the terminal portion of the
ureter (figure 11),

It should be specially noted that the branches to the terminal
portion of the ureters from the arteries supplying the genitalia
always reach the ureters from the lateral side and give off braaches
either anterior or posterior to this organ (figures 5, 12 and 13).

The branches from the uterine artery are very adherent to the ureter,
as is the parent vessel as it crosses the ureter, and the branches

run upward and downward (figure 10). If a supply is coming from the
posterior division of the internal iliac it reaches the ureter on its
posterior aspect, and if the downward secondary branch from the

common or internal iliac branch is present it runs medial to the
ureter. Very rarely a branch will come down from the external iliaec to
this portion of the ureter. |

Occasionally, as in Figure 5; & female foetus at term; it is
observed that the arterial supply to the abdominal portion of the
ureters is from a single scurce. One exceedingly small branch from
the renal artery was noted as supplying only the pelvis of the ureter.
The terminal portion of the ureter, as may be seen in Figures 5 and
10, was supplied by the uterine artery as it crosses the ureter; where
it gives upward and downward branches wiich adhere closely to the

ureter; and also at the pre-vesical portion of the ureter by branches
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from the inferior vesical artery. The abdominal and most of the
pelvic portion of the ureters are wholely supplied by a single source
which arises at the bifurcation of the aorta. This branch immediately
divides into several tentacle-like branches which, erossing the
common and, or, internal iliac arteries in upward, lateral and down-
waré directions, reach their destinations on the adventitia of the
medial aspect of both ureters. All these tentacle-like branches are
sub=-peritoneal., They adhere moderately closely ftoc the peritoneum
along their courses, and at their terminations are rather loosely
applied to the adventitia of the ureters where they branch into
aumerous smaller arterioles which form a lace-like mesh which anas~
tomoses freely throughout the length of the ureters.

The above mentioned specimen 1s considered to have adecuate ar-
terial supply to the ureters, but the relatively limited supply to the
peri-ureteral peritoneal plexus at the terminal portion would make the
conservation of the branches from the uterine artery imperative.

Sometimes as in Figure 6, a male new-born, the stronrest source
of arterial supply is from the internal iliac arteries. <The pelvis
and upper portion of the ureters are supplied by sSmall branches from
the renal arteries; reenforced on the richt by branches from the right
gonadic artery and on the left by branches from the inferior mesenterie
artery as they anastomose witi arteries im the peritoneum overlying the

ureter, The terminal portions of the ureters are supplied by smell
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branches from the vas arteries as these cross the ureters, but
the strongest supply in this area is from the descending branches
from the main internal iliac scurces, which originating on the
medial aspect of the internal iliac arteries curve tortuocusly over
their parent stems and run laterally on the peritoneum to which they
adhere by sending arterial tendrils to the peritoneum. On reaching
tae medial aspect of the ureters these main branches divide, sending
strong ascending and descending branches along the adventitia of the
ureters, where they give off long finger-like anastomotic branches
to form a plexus with the vessels supplying the upper end of the
ureters and downward to anastomocse with tlose from the vas deferens
artery.

It is important here to note the fine arterial plexus over the
front of the bladder which is so c¢learly shown in Figures 8 and 13,
This plexus is formed of anastomotic branches from the Vas arteries
of both sides, and since these Vas arteries also send branches to the
terminal portions of the ureters, it is quite possible that the vas
artery of one side may be able to supply the terminal portion of the
ureter of the other side if the peritoneum covering the bladder is
left intact,

The pattern of arterial supply to the ureters most commonly

found is illustrated in Figure 4. The sources of supply are regularly
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spaced; the branches are sll of approximately the same caliber and
smaller than those in specimens with fewer branches; and the area
supplied by each branch is the section of ureter nearest the source
of supply. Each ureter receives a branch from the renal artery and
the gonadic arteries give & branch each to the ureter of its own
side, The morta sends a branch to each ureter and the common or
the internal iliac sends a branch to the ureter nearest it., The
terminal portions are supplied by branches from the vas arteries and
the pre-vesical section by branches from the inferior vesical
arteries,

This general pabttern varies slightly. Sometimes the sortic
branches arise nigher on the aorta than shown in Figure 4, and some-
times the aortic branches may be replaced by branches coming off the
coummon iliacs just helow the bifurcationlof the aorta., The source of
supply from the internal iliac arteries usually arises just below the
bifurcation of the common iliacs and occasionally, as seen in Figure
4, an iliac branch may divide almost at its source and send two
branches to the same ureter,

It should be pointed out however, that this commonly found,
regular pattern of supply does not necessarily mean that the terminal
portions of the ureters in these cases are always more richly supplied
from above than in the cases of relative scarcity of abdominal sources;

for the strong downward secondary branch from the primary branch from g
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solitary abdominal source may, by its larger caliber, create a
richer plexus about the terminal portion of the ureter.

Rarely a speciman such as the male new-born shown in Figures
3 and 13 is found. Here the multiplicity of primary branches and
their overlapping loosely ramifying secondary branches are remarkable
not only for their numbers, but also for the fact that they are of
the larger caliber vessels usually found only in specimens with few
primary branches.

The arterial supply to the upper part of the ureters is from
the rensl and accessory renal arteries; the latter may be seen very
clearly at the left of the photographs as it runs a parallel course
with the gonadic artery. The gonadic arteries give branches that are
both larger in caliber and more extensive in area supplied than is
usual with branches from these arteries. Subperitoneally branches
arise from the aorta. The branches from the common iliac arteries
show two unusual features; thelr course tends to be more downwards
than is usual in this area and from the left common iliac there are
two strong secondary branches Punning downwards on the adventitia of
the ureter., Branches from the internal iliac arterlies are not readily
seen in the photograph as they arise at a lower level on the parent
arteries than is usual and are hidden by the ureters. The terminal

portion of the ureters are very richly supplied by the vas and inferior
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vesical arteries as well as being abundantly reenforced by the
descending branches from both the common and internal iliac
soiirces,

Extreme variability of arterial supply is most marked in
the abdominal portion of the ureter. Reference to the chart for
foetuses of six months and under will show the paucity of supply
that may be found in this region as illustrated by the female six
month foetus, and at the other extreme is the specimen mentioned
above and illustrated by Figures 3 and 13,

We can deduce from this that the main arterial supply to the
terminal portion of the ureters is from the arieries supplying the
genitalia, but that the supply may be multiple. That the supply
is mainly from the lateral side but may ve mediasl and posterior
as well, That the vessels are very small, even smaller than those
supplying the upper third of the ureter, and that the relative
poverty of supply to the lower portion of the ureter in a high
percentage of the cases makes it imperative that the supply be
maintained.

In conclusion, it is felt that the arterial supply to the
ureters is so variable that it may be said there is no constant
supply, with the exception of the branches from the uterine artery
in the female, That there are many inconstant branches'and that

there are branches of limited importance, but the importance of
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these branches varies so greatly from case to case, that no branch
can be said to be unimportant per se. That in view of the fact
that it was found that one-third of all the ureters in the female
specimens were supplied at the terminal portion solely by the
uterine artery; it is strongly felt that in performing a Wertheim
pan-hysterectomy the uterine artery should aslways be cut medial to
the ureter, and because the uterine artery as it crosses the ureter
and its branches to the ureter are so adherent to this organ, it
should never be necessary to strip them off and care should be

taken always to preserve then,
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SULLIARY

Fifty ureters were dissected following liquid latex injection
of the areterial tree, and the sources of vascular supply were
studied with special emphasis on distribution to the various parts
of the ureters and tﬁe adjacent peritoneum,

The upper third of the ureters were found in all but one casge
to be supplied by branches from the renal artery, In the one case
where there was no branch from this source, the upper secondary
branch from the common iliac supplied the ureter up to the hilum,
No evidence was found that the branches from the renal artery sent
anastomotic branches to the peritoneum,

The gonadic arteries sent branches to the ureters in 48% of
the 50 ureters, and these branches sent anastomotic branches 10 the
peritoneum, It was noted that the gonadic branches never went
below the pelvic brim,

Branches from the abdominal aorte averaged 46% of all the ure-
ters, They were usually bilateral branches, but occasionally
several branches supplied both ureters from one source. They sent
out more anastomotic branches to the peritoneum than any other
branches; except those from the common and internal iliacs; richly
supplying the peritoneum and even anastomosing with branches from

their opposite sides.
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When branches from both the common and internal iliacs were
found supplying & single ureter, it was noted that they were usually
smaller than when a branch from one or the other was present alone,
and that thelr supply to the ureters tended to be less extensive,
both upward and downward along the ureters.

The common ilises sent branches to 62 percent of the total
ureters and the internal iliacs to 63,9% of the ureters in the foetal
and newborn specimens., When one of these iliac branches alone supply
a ureter it has a characteristically large primary branch, with
strong secondary branches which run well up the upper third of the
ureter and may run as far down as the terminal portion. All the
iliac branches richly supply the peritoneum and anastomose freely with
anastomotic branches from other sources,

At the terminal portion of all the ureters of the foetal and
new born specimens a periureteral peritoneal plexus was noted and the
branches from the arteries aupplying this region were adherent to the
peritoneum where it forms the periureteral sheath.

In the female new-born and foetal specimens, the uterine
artery sent branches to 100% of the ureters. (Conditions for injec-
tion do not make possible figures for the two adult specimens.) It
ig of great importance to note that one third of all the terminal

portions of the ureters in the females had no source of supply other
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than from the uterine artery,

In the male specimens, the superior vesical artery supplied
50% of the ureters, and the vas arteries 60%.

The inferior vesical artery sent branches to 25% of the total
new-born and foeival specimens, and the posterior division of the in=
ternal iliac sent branches to 35% of the ureters of these two groups.

The branches from the vesical and vas arteries richly supply
the peritoneum over the bladder and commonly anastomose across the
bladder.

In conclusion, it is felt that the vascular supply to the
ureters is so variable that it can be said there is no constant supply,
with the exception of the branches from the uterine artery in females.
That there are many inconstant branches and that there are branches of
limited importance, but the importance of these branches varies so greatly
from case to case, that no branch can be said %o be unimpertant per se.
That in view of the fact that it was found that one third of all ureters
in the female specimens were supplied at the terminal portion solely by
the uterine artery; it is strongly felt that in performing a Wertheim
pan-hysterectomy the uterine artery should always be cut medial to the
ureter, and because the uterine artery as it crosses the ureter and its
branches to the ureter are so adherent to this organ, it should never be
necessary to strip them off and care should be taken always to preserve

them,
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Figure 1. - Male, new-born, posterior aspect. Note rensl
branch and branches to the ureters arising be-
fore renal artery reaches the kidney pelvis.
Note upward secondary branch from the internsl
iliasc branch extending up to the hilum,




Figure 2., — Male, new-born, posterior aspect. Note branches
from renal artery after it has entered the kidney
pelvis. MNote that the branches from the renal
artery do not run down below upper third of ureter.




Figure 3. -

Male. new-born, anterior aspect. Note bilateral
branches from the abdominal aorta end branches
from the common iliscs. Note extensive anastom-
osis in peritoneum. Note branches from the gonad-
iec arteries.




Figure 4. — Male, foetus, anterior aspect. Note bilateral
branches from the abdominal aorta and branches
from the common and internal iliscs. Note each
branch supplies limited segment when supply is
multiple,




Figure 5. - Female, foetus, anterior aspect. Note multiple
branches from single source at bifurcation of
aorta. Note uterine artery giving branches to
ureter on lateral anterior aspect.




Figure 6. - Male, new-born, snterior aspect. Note branches
from internal iliac arteries. Note branch from
internal i1liac supplying terminal portion of
ureter. Note anastomosis in peritoneum and in
inferior mesenteric area and across bladder.




Figure 7. - Female, foetus, anterior aspect. Note larger
upward running secondary branch from internal
and common iliac branches.




Figure 8. - Female, foetus, snterior aspect. Note secondary
brenches lying loosely in areolar tissue with
twig-like tertiaries more adherent to adventi-
tia.




Figure 9. - Male, new-born, lateral aspect. Note lateral
approach of inferior vesical artery and bran-
ches to posterior aspect of ureter.




Figure 10 - Female, foetus, lateral anterior aspect. Note
uterine artery and small adherent branches to
ureter.




Figure 11 - Male, new-born, posterior aspect. Note peri-
ureteral plexus and marked plexus on bladder
wall.




Figure 12 - Male, new-born, lateral sspect. Note lateral
approach of inferior vesical artery and branches
to posterior aspect of ureter.




Figure 135 - Male, new-born, anterior aspect. Note arteries
from genitalia to lateral side of ureters.
Note marked anastomosis across bladder.




Figure 14 - Male, new-born, lateral posterior aspect. Note
rare occcurance of branch from external ilisc.




