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EXPLANATORY KOTE.

The thesis is accompanied by two appendices,

A, consisting of illustrations
and

B, consisting of case records and
temperature charts.

It has been necessary to redunce the X-Ray plates to
quarter plate size, 80 that the deformities of the
urinary tract shown in them are less striking than in
the original and, as some detail has been lost in
reproduction, the photographs should be examined in a
good light.

Only the records of the more important cases
used to illustrate the text have been given in detail,

with temperature charts where necessary.
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This study of the urinery tract in pregnancy and
the puerperium is based on the results of six years of
clinical research. I have attempted & comprehensive
investigation of the subject, in the tradition described by
Sir Thomas Lewis in his Harvelan Oration as "a tradition
that Clinical Science shall not be confined narrowly or by
artificial boundaries, but shall be free to search how and
where it will: a tradition which will not countenance
attempts to separate the study of health from disease, or
the study of animals from that of man, or work at the bed-
side from that of the laboratories". For this purpose I
have correlated the findings of clinical, urologicsal,
bacteriological and pathological investigations.

It has been known for & long time that dilatation
of the ureters and renal pelves occurs during pregnancy,
but the only available method of study in the human being
was post-mortem examination until recently, when the
advances in urological methods have enabled us to study
those changes in the living subject, and to obtain much
valuable information about functionsl as well as anatomical
variations. This information has explained many of the
clinical symptoms associated with these changes and has led



to important advances in prevention and treatment of
pathological conditions. Moreover, investigation of the
functional variations in pregnancy throws light on the
essential nature of the activities of the urinary tract
and suggests that many changes for which one attempted to
find an organic basis depend upon alteration in endocrine
balance.

The work has been carried out over a period from
October 1927 - October 1933, in the wards and research
laboratory of the Glasgow Royal Maternity and Women's
Hospital and in the gynaecological and urological depart-
ments of the Glasgow Royal Infirmary. I wish to take
this opportunity of acknowledging my indebtedness to
Professor James Hendry and Professor J.M. Munro Kerr for
thelir encouragement and the generous way in which they
have allowed me free access to clinical material. All the
work has been carried out personally, with the exception of
the routine bacteriological methods which were done under
my supervision by the technician during the last two years,
when I have been acting as pathologist in charge of the
laboratory. To quote Sir Thomas Lewls again, "it is
essential that those who have had charge of patients and



have studied phenomena in the living should themselves and
not through skilled deputies, explore the tissue changes
which may underlie disturbed function: for while the
skilled deputy may more accurately describe and name these
changes in the tissues upon which he chances he cannot
enjoy either full opportunities or the full inspiration to
correlate function and structure. It is by these
correlations that the meaning of many manifestations during
life are explained”.
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THE ANATOMY AND PHYSIOLOGY OF THE UPPER URINARY TRACT.
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Before considering the changes which occur in
the urinary tract in pregnancy, it is essential to have a
clear idea of the anatomy and physiology of the urinary
tract of which I shall now give & short description, with
8 review of the most recent work and opinions on the

subject.

I. ANATOMY.

(a) Phe renal pelvis.

Our views on the different types of renal pelvis
found in man have changed very considerably in the last
few years as a result of pyelography and the study of
kidneys removed at operation. There are two basic types -

Ampullary, consisting of a pelvis proper and 2 or
more major calyces, from which s variable number of minor
calyces arises, and

Bifid, in which there is absence of the pelvis
proper due to the fact that the ureter divides almost
immediately into 2 major calyces which divide into a vari-
able number of minor calyces.

There are many variations of these basic types as well as



transitions from one to the other. Major calyces usually
are 3 in number and minor ususally 8. Each minor calyx
consists of a narrow neck or canal connecting it with the
major c¢alyx, from which it arises, and an expanding
terminal portion or fornix with a cup-shaped depression to
receive one of the papillae of the parenchyms.

Histology. The wall of the renal pelvis and its
calyces consists of 3 layers, epithelial, muscular and
outer fibrous. These are continuous with the coats of the
ureter. The muscle fibres are arranged in 2 layers, an
inner longitudinal and an outer circular. The average
capacity of the renal pelvis is 7.5 ccs. Harris (1930)
believes that there is a muscular ring round the base of
each calyx, major and minor, having & sphincter action.
This is difficult to show histologically although it seems
probable from the study of functionm.

Nerve Supply. The chief source of nerve supply to the

kidney is from the renal plexus which receives branches
from (a) the 11th and 12th spinal nerves, (b) sympathetic
fibrea arising from the coeliac axis and semilunar ganglionm,
and (c) the splanchnic and vagus. ‘There is & specially
rich nerve supply to the calyces. The renal nerves are in



intimate relation with those of the ureter, bladder and
genitalia, so that stimnlation in this peripheral ares may
reflexly influence the kidneys. It seems likely that the
reverse may be the case and that stimunlation of the renal
tract may influence the genitalia, notably the uterus.
This is referred to on page 297.

Iymphatic Drainage. The lymphatic vessels form a

network in the cortex and medulla of the kidney surrounding
the tubules and blood-vessels and drain into lymph nodes
round the aorta. Those in the cortex communicate freely
with the perirenal area. They also communicate with the
lymphaticas of the periureteral sheath so that infection may
spread to the kidney or perirenal fat from below.

(b) The ureter.

The length of the ureter varies from 28 to 34 oms.
and it is divided into abdominal and pelvic portioms. The
abdominal portion is 13 to 14 oms. long and stretches from
the ureteropelvic junction to the point where it crosses
the iliac vessels. The pelviec portion stretches from this
point to its insertion into the bladder. fhe Jjuxtavesical
portion is the name given to the last 2 to 3 cms. of the



pelvic portion. The intramural portion (the part
traversing the wall of the bladder) is about 2 ems. long.

The ureter in its lumber and iliac portions lies
in contact with the apomneurosis of the psoas muscle about
one finger's breadth from the spine. In front it is in
intimate contact with the posterior peritoneum. The
ureter has a wide range of mobility in its abdominal
portion and it is important to bear this in mind when
considering the changes which occur in pregnancy.

At the pelvic brim the mureters cross the iliac
vessels obliquely where the common iliac artery divides
into the internal and external divisions. At this point
there is a difference in the two sides owing to the
difference in the course of the common iliae vessels. The
right common iliac vessels cross the vertebral column from
left to right and therefore lie more anteriorly than the
left. The right ureter has to cross over the right
common iliac vessels almost at right angles to gain the
pelvis, so that it has & more exposed course than the left,
which is partly protected by the promontory of the sacrum,
and the sigmoid colon and its mesentery which lie anterior
to it. On the pelvic floor it enters the base of the



broad ligament, crossing the uterine artery and continues
downwards and mesially in the vicinity of the cervix to the
vagina. Its terminal portion lies embedded in the
connective tissue between the bladder and the vagina close
to the anterior vaginal wall, from which point it bends
sharply forwards to penetrate the bladder wall obliguely.
According to Brash (1922), there is often a long pre-
vaginal portion on the left side, whereas the right ureter
may not lie close to the vagina. In these cases the left
ureter will be more liable to injury.

Histology. There are 3 coats, the outer fibrous,
the middle muscular and the inner epithelial. The
adventitia consists chiefly of connective tissue. The
muscular consists of an inner longitudinal and an outer
eircular coat. In the lower portion of the ureter there
are added the longitudinal fibres of the ureteral sheath.
The submucosa is a loose connective tissue with some
elastic fibres. This tissue is also found between the
muscle bundles of the muscular layer. The ureter is lined
by transitional epithelium.
| Puchs (1926) says that from the examination of
| 50 sutopsies he finds that at the point of physiologicel
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narrowing the texture of the submucosa is less loose than
in the other areas but the muscular coats are not so well
developed. This, he states, is the cause of the resist-
ance to distension in these narrow areas. According to
E.A. Schafer (1929), the wall of the ureter in its upper
two thirds contains a large amount of connective tissue
between the muscle bundles, so that the wall is by no
means 80 purely muscular &s is the case in most hollow
viscersa. In the uppermost third the amount of connective
tissue nearly equals the bulk of muscular structure. In
the middle third the circular fibres are more developed,
while in the lower or pelvic portion the connective tissue
is relatively scanty and the whole wall becemes more
muscular, with the muscle bundles extending almoest to the
epithelium. Near the lower end the ureter is ensheathed
by & number of longitudinally arranged muscle bundles
which appear to be continuous from the bladder wall bat
are in reality a development of the outer longitudinal
muscular layer of the ureter itself, the ureter sheath.
The muscle bundles of the ureter sheath are somewhat
coarser than the rest of this part of the ureter and are

gseparated from it by a cleft in the connective tissue.
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The lymphatics run in the wall of the ureter and also in
the sheath. Phey lie between the epithelial lining and
the muscular coats. It is commonly held that both groups
of lymphatics, i.e. in the wall and in the sheath,
communicate longitudinally with those of the kidney and
bladder and horizontally with the lumbar and pelvie lymph
nodes.

Nerve Supply. In its upper part the ureter 1s
supplied from the remnal plexus and in its middle and lower
portions from the upper sacral ganglion and from the
inferior hypogastric and vesical plexuses. These fibres
anastomose fréely. MoMyn (1929) is of the opinion that
the ureter cannot be compared to the intestine or
oesophagus and that there is no plexus in the wall of the
ureter. He holds that the contractions of the ureter
arise in the muscle fibres themselves independent of
intrinsic or extrinsic nerves and are propagated by the
direct contact of the muscle fibres. Artificial stimulat-
ion of the ureter causes peristaltic waves in both
~ directions. On the other hand, many authors claim to have
demonstrated the presence of ganglia in the wall of the
ureter. Protopowpow (1897) investigated the fine structure
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0f the ureter and demonstrated rich nerve plexuses and
numerous ganglia in the wall. This is supported by the
experimental work of Hofbauer and Timbres (1928) who
found that nicotine had & paralysing effect on the
activity of excised ureters. Blatt (1928) states that
peristalsis of the ureter and kidney pelvis is regulated
by neuroganglionic motor ecentres placed in its wall.
Kuntz (1929) says that the ureter is sbundantly supplied
by nerves of sympathetic and paraéympathetie origin but
that their rfle is as yet little understood. Hurst
(1930) is also of the opinion that the wall of the ureter

contains a nerve plexus with very numerous ganglion cells.

II. PHYSIOLOGY.

The physiology of the kidney pelvis and ureter
may be studied in numerous ways in animals and human
beings; in animels by direct vision of the ureters in situ
or more commonly by observation of excised ureters either
in toto or in isolated strips; in humasn beings by direct
vision at laparotomy, by chromocystoscopy, pyelography and
Pyeloscopy and by graphic records obtained by apparatus
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attached to the ends of & ureteral catheter.

Results of animal experiments.

As early as 1869, Bngelmann described in detail
the nature of peristaltic contractions in the ureter. He
observed that contractions normally originate in the
kidney pelvis and proceed towards the bladder, that the
contractions are independent of intrinsic or extrinsiec
nerves and that the impulse to contract is conveyed
directly from one muscle fibre to another. Sokoloff and
ILuchsinger (1881) passed physiological salt solution
through the ureters under varying pressures and noted the
effect upon peristalsis. The greater the pressure of
fluid passing through the lumen of the ureter the more
frequent and vigorous the peristaltic waves became. A
practical application of this finding is the treatment by
abundant fluids in conditions of stasis and infection of
the urinary tract. More recently Pflaumer (1919),
Quinby (1922) and Boeminghaus (1923) confirmed the fact
that the amount of urine excreted by the kidney influences
the peristaltic activity of the ureter by altering its
degree of distension. Protopowpow (1897) showed that
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stimulation of the splanchnic nerve caused increased
ureteral peristalsis, wheresas section of the same nerve
inhibited peristalsis. This agrees with the findings of
Balath (1925) that sympathectomy caused complete relaxat-
ion of the ureter. ILucas (1906), Macht (1917) and Satani
(19191) by studying the ureter graphically either in situ
or with excised strips have shown that it contains
sympathetic and autonomiec nerve fibres. Satani (19192)
believes that the most important causes of ureteral peri-
stalsis are reflex stimulation of the motor nerves, direct
mechanical distension of the ureteral musculature and
local reflex stimulation by the salt content of the urine.
More recently, Trattner (1932) described
accurately the movements of the ureter studied in dogs,
both in gitu and in exeised portions. He also describes
the movements of the human ureter, exposed at operation
under spinal anaesthesia. According to him the peri-
staltic waves consist of (a) longitudinal contractions
which shorten the ureter and narrow it but do not
obliterate the lumen, and (b) & circular contraction which
momentarily obliterates the lumen in successive segments

of the organ as the wave advances. The degree of



15.

shortening and narrowing of the ureter by the longitudinal
contractions and the degree of encroachment on the ureteral
lumen by the circular contractions is dependent on the tone
of the ureteral musculature and the strength of the
contractions. When activity ococurs the longitudinal
contraction quickly involves the whole organ, while the
circular contraction can be seen involving successive
segments of the organ. When the circular wave has
dissipated itself complete relaxation occurs. Both eircular
and longitudinal contractions usually begin at the kidney
end and work to the bladder. They may move in the opposite
direction (antiperistalsis) under certain circumstances.

The amplitude, rate and rhythm of contractions vary
considerably, the amplitude from 2 to 3 cms. to 8 to 10 ams,
water pressure, the rate from 1 contraction every 2 to 3
minntes to 1 every & to 6 seconds and the rhythm from being
regular with either long or short pauses between the
contractions to complete irregularity. The ureter may be
divided into an upper, middle and lower third, since these
separate divisions frequently assume independent contract-
ions, 80 that & contraction may begin in the middle or
1owgr third of the ureter and be followed by peristalsis
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of the entire organ. TPhis power of independent movement
of the different segments of the ureter has been proved by
meny observers, Incas (1908), Satini (19193, Boeminghsus
(1923), Hryntschak (1925), Gruber (1928), Hofbaner (1928°),
Blatt (1929), Gruber (1930) and Trattner (1932 ).
Following nephrectomy the remaining stump has been observed
to contract by Graves and Davidoff (1923) and Boeminghaus
(1923). During cystoscopic exsminstion I have observed
the pulling up of the ureteral orifice on the side where
the kidney had been excised. Iumcas (1908) observed that -
where the ureter is ligated peristalsis continues in the
lower segment but at a slower tempo than in the upper
segment. Binet and Stoiceso (1931) observed that even
partial dennding of the ureter or longitudinal slitting
does not stop ureteral contractions.

It has been stated by various authors, Blum (1925),
Haebler (1922), Quinby (1922), that the pacemaker for the
rhythmic contractions of the ureter lies in the renal pelvis
and calyces. It has been shown that the upper third of the
ureter contracts more often and is more easily excited than
the rest of the ureter. The lower third is least sasily
stimulated and contracts most slowly. It is therefore
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easier for the peristaltic waves to travel from the renal
pelfis to the bladder than in the opposite direction.

The fact that antiperistalsis has never been observed to
occur spontaneously in & normal ureter may be explained on
that basis. Under abnormal circumstances reverse peri-
stalsis may occur, e.g. pinching the ureter at any point
will iﬁduce pefistaltio waves to start from this point in
both directioﬁs. Such stimuli as alterations in the
hydrogen-ion concentration of the urine, alterations in
temperature, stimulation of the hypogastric nerve, pressure
on the bladder, etc. have all produced reverse peristalsis
experimentally. Clinically there is the evidence of
retrograde movement of ureteral calcunli and the fact

that in performing a catheter pyelogram the introduction
of a small quantity of sodium iodide slowly into the

lower end of the ureter will almost immediately be
conveyed to the kidney pelvis and give a satisfactory
shadow on X-Bay examination. As regards regurgitation
from the bladder, Lewin and Goldschmidt (1893) observed
that when they injected a coloured solution under moderate
pressure into the bladder the contents regurgitated in

_.many cases into both ureters. Other workers repeated
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those experiments and held that reverse peristalsis was
nearly always responsible for this. Sampson (1903)
however, in a series of 20 dogs, was unable to produce
reverse peristalsis im the normal ureter. When & cannula
was inserted into the ureterovesical orifice and salt
solution injected into the ureter, it responded by peri-
stalsis, not by antiperistalsis. Kretschmer (1918) found
by means of radiograms in the human subject that opaque
substances put into the bladder may find their way to the
kidney, but Wisloeki and 0'Conmor (1920) working with
rabbits conclude that it is very doubtful whether reverse
peristalsis is ever the cause of this phenomenon. They
found that with a moderate bladder retention, where the
bladder tone is good, the ureterovesical sphincter is
occasionally prevented from closing and the intravesicsal
pressure projects a column of fluid into the ureters.
Cunningham and Graves (1924) opened the abdomen in animals
under light anaesthesia and filled up the bladder with
methylene blue and were able to observe the occurrence of
regurgitation. They came to the conclusion that the
chief factor in its production lies in the bladder being

of active tone, so that it responds to increased distension
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by tonie contraction which opens the ureterovesical
orifice, sufficiently to allow regurgitation to ocecur,
especially in the presence of obstruction at the vesical
neck.

The ureters at first attempt to overcome the
backward flow by inoreased activity, and are successful
to begin with but graduslly the contractions grow less
effective and finally cease. In the type of bladder
which is so lacking in tone that toniec contraction fails
to appear on filling, no regurgitation ocecurs. The
tension produced in this type is a purely mechanical dis-
tension. These experimental findings are important in
the consideration of the possibility of ascending infection
of the urinary tract in the puerperium (see page 350).
Gibbs (1929), working with fowls, found that the tone of
the ureter prevented reflux. According to Barksdale (1920),
reflux along the ureters from the bladder is more common
during pregnancy than in the non-pregnant, e.g. 7 non-
pregnant dogs showed no reflux when the bladder had been
filled up with sodium iodide at a pressure of 45 to 60 mms.
Hg., whereas 5 out of 6 pregnant dogs showed reflux and 3

of these tested sometime postpartum showed no reflux.
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Wisloeki and 0'Connor (1920), using animals, have
studied the effect of partial and complete obstruction of
the ureter. After partial ligation the lumen increases
in diameter and the muscle hypertrophies above the
obstruction. Peristaltic waves are more frequent and more
vigorous than 1s seen iIn the normal ureter. This was
found also by Binet and Stoiceso (1931). Vigorous anti-
peristaltic movements, if not spontanseous, can be elicited
by pinehing the ureter. The ureter below the obstruection
exhibits normal spontaneous peristaltic contractions. In
the case of complete obstruction tyere is seldom any
spontaneous peristalsis nor does it react to stimuli. When
however part of the contained fluld is released violent
peristaltic and antiperistaltic movements begin. They
also studied the effect of ureteral catheters and noticed
that normal peristaltic waves stopped at the tip of the
catheter. If solutions were run in through the catheter
the peristaltic waves became more frequent and more
vigorous. If the injJection pressure was increased the
ureter became distended and the peristalsis ceased entire-
ly. Smith and Ockerblad (1927), working with dogs, found
& 50 per cent. increase in length of the ureter after



21.

partial obstruction. This developed very quickly and
caused kinking which in their opinion was due to the fact
that the vessels running in the wall of the ureter would
not stretch. Those kinks do not cause symptoms. They
also found the emount of muscle in proportion to epithelium
and connective tissue is increased above the obstruction
both where the total thickness of the wall of the ureter is
greater than normal and also where it is less. The muscle
bundles which normally are loosely bound together by
connective tissue are now tightly packed together. The
individual muscle bundles seem larger and there is also
increase in their number. According to Hurst (1930),
obstruction may occur at the ureterovesical orifice, due

to & lack of relaxation of the sphincter and this may be
due in some cases to degensesrative changes in the nerve
Plexuses in the adventitia of this portion of the wall of
the ureter. This might result from deep seated inflammat-
ion, e.g. cellulitis. A peristaltic wave may in some
cases not be able to force the closed sphincter bdut usually
increased peristalsis overcomes the obstruction; 1if not,
stasis and dilatation occur.

Phese results of partial obstruction in the
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ureters of dogs described by Smith and Ockerblad are of
the greatest importance, as the deformities produced in
the ureter are similar to those occcurring in the right
ureter in women in the second half of pregnancy. This is
strong evidence in favour of the view that partial
obstruction to eutflow occurs in the humsn ureter at the
level of the pelvic brim in the second half of pregnancy.
I have shown in Chapter III that in pregnant women no
hypertrophy of the ureteral musculature occurs above the
point of obstruction, suggesting that some other factor
prevents this physiological response to ohstruction. This
explains why such marked degrees of dilatation occur so
quickly as the result of the relatively moderate pressure
which can be exerted by the pregnant uterus.

Results of investigation in man.

(1) Pyeloscopy and Ureteroscopy. By screening after

filling with an opaque medium the movements of the kidney
pelvis and ureters are observed, but it is open to the
objection that catheterisation of the ureters is necessary

and the introduction of a hypertonic solution required,
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which may cause hypertonus to the degree of spasm or in
some cases & temporary paralysis. Some interesting
results, however, have been obtained by numerous observers,
mostly French. Hryntschak (1927) says that pyeloscopy is
valuable a8 an aid to pyelography, &s by seeing when the
kidney pelvis is full one can avoid overdistension. He
states that the normal emptying time of the kidney pelvis
is 8 minutes. |Herbst (1931) by means of pyeloscopy has
shown that the upper ecalyx is first to discharge into the
kidney pelvis, followed by the others in succession from
above downwards. The upper pért of the ureter is then
filled by the contraction of the kidney pelvis, which has
meantime been in diastols. The characteristic shadow of
the filled portion of the ureter is called the ureteral
Spindle and can be seen advancing along the ureter, taking
from 1 to 5 seconds to reach the bladder. In the case of
obstruction, the spindle is seen to be thrown back from
that point and gradually £ill up the ureter above or it
may simply hesitate and gradually ooze through the narrowed
portion before the next wave comes along. Where there are

dilatation and atony of the ureter, due to neurogenic or



inflammatory lesions, the ureter appears filled and remains
in this condition for some time. TUnder normal conditions
only a part of the ureter is filled at ome time. Cumming
(1930), by means of serial photographs taken every 30
seconds, has reached the same conclusions. He showed that
what might appear to be a narrowing of the ureter, if only
one plate were taken, is really either the upper or lower

end of a peristaltic wave in progress along the ureter.

(2) Intravenous Pyelography. In contradistinction to
the older method of retrograde pyelography, intravenous
pyelography enables us to study function under more or less
physiological conditions. Although it has only been in
use for a few years, the results of numerous investigations
have been published. Lichtemberg (1931) commented on the
fact that uroselectan, the opaque medium most commonly
used, is excreted by the kidney glomeruli, so that where
there is glomerular damage the shadow is faint, and that
in pyogenic parenchymatous infections no shadow may be seen
at all. Conditions causing retention of urine and primery
tubular damage give good shadows, even in advanced stages.
The only contra-indications to the use of this method
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according to Roth and Wright (1930), Heritage and Ward
(1930), Lichtenberg (1931) are anuria, uraemia and gross
liver damage. The subjective symptoms of faintness,
flushing and increased pulse rate which followed the use
of the early preparations are no longer encountered with
Uroselectan B. Thirst due to the intense diuresis is
sometimés complained of and tenderness along the course of
the Injected vein.

Intravenous pyelography is not however & certain
method of studying the function or the dynamies of the
upper urinary tract, as (a) disturbance of kidney function
may so retard excretion of uroselectan that a distinct
shadow of the kidney pelvis and ureter is not obtained, and
(b) in a normal urinsry tract the uroselectan is so quickly
swept away that the whole ureter 1s never full at one time
and & complete shadow of it is not obtained in & single
pyelogram. Compression of the lower end of the ureter
mechanically improves visualisation but upsets physiologic-
al conditions. However, as will be seen later, this
actually does occur during normal pregnancy and mskes
intravenous pyelography and ureterography give particularly
good representations of the urinary tract.
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The time of appearance of the calyces gives
some idea of kidney function but, as has been pointed out
already, in the non-pregnant state intravenous pyelogrsphy
is unreliable in the study of ureter function. Neverthe-
less, Guichard (1932) has used it to study the function of
the ureter by means of screening. He supports the find-
ings of Legeu (1914) which were obtained by catheter
pPyelography, but was unsable to observe the contractions
which the latter held emptied the calyces into the kidney
pelvis. He was of the opinion that many of the phenomena
observed by those using retrograde pyelography were

spasmodic effects.

(3) Hydrophoragraph. The most satisfactory method of
studying ureteral function seems to be the hydrophoragraph :
of Trattner (1932 ). A catheter is inserted into the
ureter and connected up to a recording apparatus, so that
every qpntraction of the ureter 1s recorded on a revolving
drum. As the ureter contracts the lever rises and when
it relaxes the lever falls. The pressure against which
the ureter is expelling urine can be regulated, so that the:

activity of the ureter at any pressure can be studied. The
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.accumulation of urine secreted by the kidney is drained
off by an automatic valve, so that pressure conditions are
kept constant. Trattner found by this apparatus that at
any point along its entire length the ureter is capable of
contracting and may be stimulated into activity by
mechanical, chemical or electrical means. If stimulated
at the renal end, the contraction wave proceeds towards
the bladder, and if stimulated at the bladder end, the
wave proceeds towards the kidney. If stimulation occurs
anywhere'between the kidney pelvis and bladder, the
contraction wave proceeds towards both kidney and bladder
_from the point stimnlated. According to Trattner, the
longitudinal or circular muscle may go into spasm separate-
1y or simultaneously. If the longitudinal muscle alone
is spastic, the flow of urine may be diminished or retard-
ed. Gibbs (1929) observed that in fowls spasm of the
ureter not only retarded the flow of urine but also held
up renal secretion, and he suggested that the tone of the
ureter governed to some extent the rate of renal secretion.
Trattner states that spasm of the circular muscle only

affects small portions of the ureter and stops the flow of



urine entirely. In longitudinal spasm the level of the
lever remains constant and no impulse is recorded. In
circular spasm the level of the lever falls gradually,
since the intra-ureteric pressure drops and the ureter
fills up with fluid from the catheter. Spasm may be due
to a catheter and this will disappear in a few minutes, or
it may be due to the injection of a hypertonic solution.
It may occur as the result of inflammation. According to
Harris (1930), spasm may occur at the base of any of the
calyces or at the uretero-pelvic junction, due in his
opinion to overaction of the sympathetic. This spasm may
be the cause of delayed emptying of a calyx and may
constitute the beginning of a hydronephrosis. Those
spasms produce severe pain which responds as a rule to
eserine, at least temporarily. Harris has employed peri—
renal sympathectomy in 28 cases of rensl pain with very
encouraging results, the response to eserine being used as
a diagnostic test.

In experiments on dogs, Trattner found that the

areter contracts only when working against a pressure, the
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optimum being 3 to 18 oms. water, and that the crucial
level, i.e. the level of pressure beyond which there was
marked reduction in the amplitude of the contractioms,
was very little more than the optimum.

A most useful method of estimating the efficiency
of the ureter is that called by Trattner "the motor test".
When the hydrophoragraph is connected up to & ureteral
catheter in situ and there is no evidence of spontaneous
peristaltic activity, then it is not known whether the
ureter is quiescent, spastic or hypotpnio. The motor test
is employed to find out which condition is present. It
consists of injecting, according to the size of the ureter,
3 to 10 cos. of saline into the ureter through the catheter
and observing the type of response. This varies with the
quantity injected, the injection pressure, the position of
the catheter in the ureter and the physiological state of
the ureter. If the catheter is in the lower part of the
ureter the excursions of the lever produced by the
contractions are larger than if it is higher up. If the
tone of the ureter is good the injected fluid is expelled
quickly by freqnent‘énd powerful contractions which are



recorded by large excursions of the lever. Where the tone
of the ureter is poor no response may be elicited or only
very slight and delayed. If the condition is one of
spasm the lever is maintained at a constantly high level
with few very slight excursions.

Trattner, in the same article, affirms that the
pressure of bimanual renal compression or increased intra-
abdominal pressure is not tranamitted to the recording
lever through a normal or hypertonic ureter. In the case
of a dilated and atoniec ureter, on the other hand, the
lever rises when the intra-abdominal pressure is increased.
Normally the tone of the ureter varies at various points
in its course: many observers have found that the lower
half of the ureter supports 8 very much higher columm of
fluid than the upper half. This probably has some bearing
on the dilatation affecting the upper part of the ureter
during pregnancy.

It is important to have an accurate method of
estimating tone as although iIn many cases stasis of urine
i3 due to mechanical obstruction, it may also be due to
disturbance of the normal conductive power of the kidney
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pelvis and ureter. Further, the renal secretion may be
influenced by alterations in the tone of the upper urinary
tract. Mackersie (1924) from his experiments concludes
that the anti-diuretic action of pituitrin is due to spasm
of the ureters. In many cases of hypotone and hypertone
the pyelogram appears normal and there is no obstruction to
the passage of a catheter, so that only the information
obtained by the hydraphoragraph reveals the true nature of
the disturbance of function. 1 have devised & simple
spparatus for the estimation of ureteral tone in pregnancy,
on the same lines as the hydrophoragraph. It is described
in Chapter III.

(4) Reaction to Drugs. According to Jona (1931),

Herbst (1931), Gruber (19302), pituitrin causes contraction
of the kidney pelvis and ureter and, according to Gruber,
the lower third is much more affected than the rest. These
authors state that eserine causes a similar contraction of
pelvis and ureter. Adrenalin causes contraction of the
kidney pelvis long after the blood pressure has reached its
maximum. Herbst states that morphia also stimulates
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ureteral contractions. Atropine causes a relaxation.
Histamine causes a fall in blood pressure and a relaxation
of the kidney pelvis, according to Koessler and Hanke (1919).
They suggest that histamine is produced by B. coli communis

on histadine, which is found in the bowel, and that this
explains the condition of relaxation found in infection of
the urinary tract. Histamine in dilute solution increases
the rate and force of ureteral contractions, according to
Gruber (1930%). Jona found thet sodium citrate appears
to cause a sustained contraction of the kidney pelvis with
increase in the amplitude of the peristaltic waves. Change
of the hydrogen-ion concentration value - from 7°8 to 56

had no effect on the contractions.
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THE UPPER URINARY TRACT IN GYNAECOLOGICAL CONDITIONS.

I. The diagnosis of lower abdominal pain.
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(3) Fibromyoma.

III. Discussion.

Bibliography.




8.

This investigation of the urinary tract in
gynaecological conditions has been undertaken to compare
the effect of the gravid uterus on the urinary tract in
pregnant women with that of gynaecological tumours of
similar size on the urinary tract in the non-pregnant, and
to ascertain whether the urinary tract might be responsible
for unexplained lower abdominal pain frequently found in
gynaecological cases.

I. THE DIAGNOSIS OF ILOWER ABDOMINAL PAIN.

The following observations are based on the
results of urological investigation of 32 gynaecological
cases, where the complaint was abdominal pain but no
palpable lesion could be made out in the pelvis to account
for 1t. Ten had a recognisable abnormality of the urinary
tract, namely hydronephrosis in 3, ptosis of the kidney in
2, marked atony of the ureters especially before menstruat-
ion in 1 and pyelitis in 4. In one of the cases of
pyelitis the pain had persisted since the birth of the
second child 2} years previously, when the patient had had
puerperal sepsis, with a large mass in the pelvis. On.
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admission to the gynaecological ward 2% years postpartum,
vaginal examination revealed thickened and tender adnexs,
but not enough to account for the symptoms which consisted
of rigors, high temperature and lower abdominal and rensl
pain, The urine was loaded with pus and coliform beecilli.
She had had several similar attacks since the delivery.

The acute symptoms gettled within a week and 10 days after.
admission urological examination showed that the urine

from both kidneys was sterile, and only & few coliform
organisms were present in the urine from the bladder. On
X-Bay examination slight elubbing of the calyces on the
right side was found. The ascute symptoms were undoubtedly
due to the urinary infection, which however cleared up
quickly as elimination was very efficient. It is possible
that reinfection occurred on each occasion from the
chronically infected reproductive organs. According to
Winshury White (1933), chronie cervicitis is a frequent
source of urinary infectionm. He showed that particles of
dye injected into the ecervix were absorbed by the lymph-
atica and carried to the ureter. Further, he states that
msny cases of ehronic urinary infection can only be cleared
up after the cervicitis has been treated.



40.

In the remaining 22 of the 32 cases with
unexplained abdominal pain, 68 per cent., mo obvious
abnormality of the urinary tract could be detected. In
many cases, however, pain produced in filling the upper
urinary traect for a retrograde pyelogram was exactly
similar to the pain complained of, suggesting that the
latter was of renal origin. If the pain is right-sided
very often the patient has had appendicectomy without
benefit. According to Guy Hunner (1925), such pain is
very frequently due to a ureteral stricture, and will
disappesar on dilatation of the stricture. Very few
urologists, however, agree with Humner's views as to the
frequency of ureteral stricture. In my experience large
catheters can be pasgsed up to the kidney pelvis in those
cases without difficulty. It appears to me much more
probable that the pain is due to irregular ureteral
activity causing spasm. Saitz (1931) goes so far as to
state that the pain of dysmemorrhea is due to spasm at the
lower ends of the ureters and claims to relieve the pain
by inserting & ureteral catheter. When the catheter 1is
removed the pain returns. Although one would not go so

far as Saltz as to claim that the ureteral spasm is the
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whole explanation of dysmenorrhea, it seems highly probable
that there may be spasm of the ureter associated with the
spastic condition of the userus, which is commonly held to
be present in cases of dysmenorrhes.

Prom observations by chromocystoscopy in those
22 cases, without obvious sbnormality of the urinary tract,
I am convinced that alterations in the tone of the ureters
occur at various stages of the menstrual cycle and more
exact knowledge of these changes will lead to better under-
standing of the factors controlling ureteral activity and

the true nature of the pain in those unexplained cases.

II. THB EFFECT OF GYNAECOLOGICAL TUMOURS
ON THE UPPER URINARY TRACT.

It is common knowledge that gynaecological
tumours, both inflammatory and neoplastic, are frequently
agssociated with urinary symptoms, usually disturbances of
micturition due to displacement of or pressure on the
bladder, but it is not generally recognised that dilatation
of the upper urinary tract may also occur in those cases.

In cases of advanced carcinoma of the cervix, however, it
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is well known that the ureters may be compressed in the
parametrium or at the pelvic brim by the carcinomatous
tissue and complete suppression of urine, owing to blockage

of both ureters, is one of the recognised causes of death.

(1) Pelvic cellulitis. Of 11 cases of pelvic

cellulitis, in which a urological examination was done,
there was no delay in excretion in 3, which were cases of
salpingo-oophoritis with very slight cellulitis. In the
remaining 8 cases cellulitis was extensive and there was
delay in excretion, more marked on the left side in 5 and
on the right side in 3.
A typical example of this type is the case of

Mrs. P., who had a large mass filling the pelvis and
palpable abdominally. From the retrograde pyelogram in
Pig.l, the left urinary tract is seen to be dilated
uniformly down to the brim of the pelvis. There is slight

of the ureter below the kidney pelvis but neo
lateral displacement of the ureter. The right ureter was
similerly affected but to a less degree. As the acute

oedems subsided, the dilatation of the urinary tract also
diminished.

In cases of acute and subacute pelviec cellulitis
partial obstruction of the lower end of the ureter occurs

and results in dilatation and stasis in the ureter above
this point, which disappears with the subsidence of the
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oedema. Where the cellulitis becomes chronic, however,
the intramural and Jjuxtavesical portions of the ureter may
become permanently deformed, with impairment of the
ureterovesical sphincter. Hurst (1930) is of the opinion
that cellulitis may result in degenerative changes in the
nerve plexuses in the intramural portion of the ureter
leading to lack of relaxation of the sphincter (achalasia)
and so to dilatation and stasis in the ureter. Pelvic
cellulitis may also adversely affect the ureter by prevent-
ing the involution of the hypertrophic changes which oecur
in the lower end of the ureter in pregnency to be described

later.

(2) Ovarian cyst. Only one of the 11 cases of
ovarian cyst had no delay in excretion, an XI-para with a
moderately sized soft cyst which floated about freely in
the abdomen. Where the cyst is adherent to the tissues
in the neighbourhood of the pelvic brim dilatation and
stasis are always found. The most marked example of this
was & malignant ovarian cyst of moderate size adherent to

the pelvic brim at the left side.
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An intravenous pyelogram in this case failed to
give any shadow of the left kidney pelvis or ureter in 50
minutes. The retrograde pyelogram (Pig.2) shows marked
dilatation of the calyces, kidney pelvis and ureter,
stopping abruptly at the pelvic brim. The urea concentrat-
ion was very much lowered on the left side, confirming the
diagnosis of gross impairment of renal function deduced
from the result of intravenous pyelography.

Simple oysts which are not adherent may cause
dilatation and stasis in the upper urinary tract, as the

following cases illuatrate.

Miss McK. had a simple broed ligament cyst grow-
ing from the left side. An intravenous pyelogram (Fig.3)
shows kinking and displacement of the ureter, resembling
the condition commonly seen in pregnancy. She had
emenorrhea for some months.

As the cyst in this case was not very big, it is possible
that a disorder of the endocrine balance lowered the tone
of the ureteral musceulature, so that it was more suscept-
ible to pressurse. As will be sesen later, this is probably
what ocours during pregnancy.

Miss J. had & very large cyst filling the whole
abdomen and camnsing marked distension of the abdominal wall.
Isparotomy showed that the cyat was lying mostly on the
right side, compressing the right ureter against the psoas
muscle. The left ureter almost escaped except where it
erossed the pelvic brim. The intravenous pyelogram
(Pig.4) taken 45 minutes after injection of uroselectan
shows marked dilatation of the right kidmey pelvis and
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calyces but ureter not yet showing. On the left side the
renal tract is normal except for slight lateral displace-
ment. In the plate taken one hour after injection (Pig.5),
the right ureter is now shown dilated and kinked, but not
displaced laterally. However, the fact that it cannot be
demonstrated for some distance above the pelvic brim
indicates that in this area it is compressed by the cyst
against the psoas muscle.

In the cases where the cyst fills the pelvis and
reaches to the level of the umbilicus (i.e. approximately
the size of a 5 months' pregnancy), the ureter on the side
most affected by the eyst can be demonstrated clearly by
intravenous pyelography down to the pelvic brim, for
example as in the case of Mrs. McK. (Pig.3), showing that
the point of compression is at the pelvie brim. Where
the cyst is so large as to fill the abdomen completely up
to the costal margin, &s in the case of Miss J. (Pig.4),
the compression is not at a single point but the ureter is
flattened against the psoas muscle for some distance above
the pelvic brim. The same thing is found during
pregnancy. In the fifth month the ureters are dilated
and show clearly down to the level of the pelvic brim.
Near full time one of two things will have happened;
either compression of the ureter for some distance above

the pelvic brim, as seen iIn the pyelogram in PFig.55, or
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lateral displacement of the ureter so that it escapes the
compression against the psoas muscle and is only compressed
at the point where it crosses the pelvic brim (see Fig. 65).
The reason for the different positions taken up by the
ureter will be discussed in detail in Chapter III. The
significent resemblance between the effects on the ureter
by the presence of an ovarian cyst and of 8 pregnant uterus
Points clearly to mechanical pressure being an important
factor in the production of the changes occurring in the
urinary tract in pregnancy. Lee and Mengert (1934) argue
that the dilatation caused by pregnancy disappears too
quickly in the puerperium for the canse to be mechanical
pressure, and conclude that a disturbance of hormones
peculiar to pregnancy is the important factor. While I
agree that alteration in endocrine balance plays an
important part in the production of the changes in the
urinary tract in pregnancy, their argument does not rule
out mechanical pressure as an Important factor also, for I
have found in cases of ovarian cyst, where the mechanical
pressure is the‘only factor, that the dilatation of the
urinary tract disappears very quickly after removal of the
cyst. In the case of Miss J., 10 days after operation,
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the indigocarmine excretion time was normal and & retrograde
pyelogram (Fig.6) shows that the urinary tract has complete-
ly returned to normal. Further, after pregnancy the
disappearance of the dilatation is often delayed, and the
finding of Lee and Mengert to the contrary is due to their
reliance on intravenous pyelography to demonstrate the
contour of the urinary tract. While this method is
admirable during pregnancy, the lack of obstruction to out-
flow makes it quite unreliable in the puerperium, when
recourse to retrograde pyelography is necessary. This
point is discussed in Chapter III and clearly illustrated
by means of pyelograms in Figs. 40, 41 and 42.

Where the cyst presses equally on both ureters,
the right is more affected than the left, due to its more
exposed course &3 explained on page 8. This is probably
an important factor in the preponderance of dilatation of
the right urinary tract in pregnancy.

Migs W. had a large ovarian cyst which on
laparotomy was found to fill the abdomen uniformly and, as
far as could be judged, it pressed equally on both urinaxry
tracts. The intravenous pyelogram in Fig.7 shows that the
right urinary tract is dilated down to the level of the

pelvic brim but there 1s no displacement of the right
ureter. The left urinary tract is practically normal.
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This case clearly shows that with equal pressure at the
pelvic brim, the right urinary tract is more affected than
the left.

The following case also demonstrates this point
and proves that the pressure is greater on the right side,
for although there is dilatation of the left ureter, the
calyces oen the left side have escaped, while on the right
the calyces are more affected and there is impairment of
renal funoction.

Miss H. had an ovarian cyst which reached to a
1ittle above the umbilicus and pressed equally on both
urinary tracts as far as could be ascertained. The
pyelogram in Fig.8 shows that both tracts are dilated to
the pelvic brim but the right much more than the left. The
indigo carmine test showed that the function on the left
side was normal while on the right although the ureteral
function was normal, rensal function was impaired. This
agrees with the appearances seen in the pyelogram where,
although both ureters are dilated to much the same extent,
the calyces of the right kidney are much more dilated than
these of the left.

As will be seen later, this distribution of the dilatation
corresponds exsctly to what is found in pregnancy.

The ureteral functlion may be upset by even very

small cysta, as the following case illustrates.
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Miss C. had a history of acute attacks of left-
sided abdominal pain of several weeks' duration, with
frequency of micturition. Chromocystoscopy showed that
there was no delay in excretion of indigocarmine at the
right side and at the left, although no dye appeared in
12 minutes the ureteral orifice was seen to be pulled up
at frequent intervals, indicating obstruction to outflow in
an asctive ureter. A catheter passed to & point above the
pelvic brim immediately drained off urine deeply stained
with indigocarmine, showing that the renal function was
unimpaired, and this was followed by instantaneous relief
of the pain. The catheter pyelogram (Pig.9) shows a
narrowing of the ureter at the level of the brim of the
pelvis, with dilatation above. At laparotomy the cyst was
found to be growing from the right ovary, twisted on its
pedicle and lying on the pelvic brim on the left side.
There was no pressure on the right ureter. The pain was
not due to twisting of the pedicle but to spasm of the
ureter set up by the pressure of ths cyst.

(3) Fibromyoma. It has been possible to perform

urological examination in only 2 cases of fibromyoms big
enough to be comparable as regards size with the pregnant
uterus in the second half of pregnancy. In neither case
was there any delay in excretion and at laparotomy it was
gseen that there was no direct pressure on the ureters,
owing to the firm consistency of the tumour preventing it
fitting closely into the irregularities of the pelvie brim.
Middleton (1929), however, found that fibroids if present
for a long time may cause dilatation of the ureters. In
& case of a left-sided cervical fibromyome (Fig.10) a

dilatation of the left urinary tract was seen right down
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to the bladder, showing that the pelvic portion of the
ureter does dilate if the obstruction is sufficiently low,
but even then it is not so much dilated as the middle
third, showing that its wall is not so liable to distension.
This picture of the ureter, showing throughout its whole
length, where the obstruction is kmnown to be in the juxta-
vesical portion, is in marked contrast to the appearances
in pregnsncy where the shadow of the ureter is always
interrupted in the neighbourhood of the pelvic brim. This
is an additional piece of evidence of the obstruction in
pregnancy oocurring at the pelvic brim.

Of the 25 cases of pelvie celilulitis, ovarian
cyat and fibromyoma, there was only one with infected urine.
The patient complained of right-sided pain which was
unrelieved by the removal of a cyst about 6 inches in
diameter, growing from the right ovary. X-RBay exsmination
showed & large branching calculus, filling the calyces and
kidney pelvis on the right side. The urine from the right
kidney was infected. She had had the symptoms for 3 years
and it is impossible to say whether the cyst had anything
to do with the formation of the calculus and the occurrence

of the infection or not.
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IIXI. DISCUSSION.

St——

A search of the literature reveals very few
references to the effect on the urinary tract of
gyneecological tumours and those which do exist express
the view that such tumours cause little or no dilatation
of the urinary tract. Brakemasnn (1930) states that
tumours reaching to the umbilicus give rise to very slight
dilatation of the ureters. Schmidt (1928) says that in
gspite of large tumours there is no delay in excretion.

Stein and Rodgers (1932) state that neither ovarian cysts
nor fibroids can give rise to dilatation, a finding con-
firmed by Strumpf (1933), who also includes pelvic
cellulitis. All these workers base their conclusions on
very small numbers and insufficient data as to the

position, size and consistency of the tumour. On the
other hand, from my survey of 25 cases of pelvie cellulitis,
ovarian cyst and fibromyoma, I have demonstrated conclusive-
ly that tumours of sufficient size and soft consistency

can compress the ureter and cause dilatation and interfer-
ence with kidney funetion. If the cyst is situated to

one side, it causes dilatation of the urinary tract on the

gsame side and less or no dilatation on the other side.
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Where the cyst fills the ahdomen uniformly and appears to
exert pressure equally on both sides, the right urinary
tract 1s dilated more than the left. ' This confirms the
view that the right urinary tract is more exposed to
pressure than the left. As a rule the dilatation produced
in these cases is leas than that produced in a pregnancy of
corresponding size, and the consequent stasis is very
markedly less as the tone of the ureter, as judged by the
vigour of the efflux, is not impaired in the non-pregnant
state to the same extent as in the pregnant. It has been
said in support of the statement, that ovarian cysts do not
cause dilatation of the urinary tract, that pyelitis is
never seen in these cases, but as the incidence of clinical
pyelitis, even in pregnancy, is only 1 per cent., much
larger numbers would have to be studied before definite
conclusions could be reached on this point. Moreover, as
has been pointed out above, the stasis in the nen-pregnant
cages is never so great as in the pregnant, so that the
liability to infection cannot be so great. In some cases
an ovarian cyst may cause spasm of the ureter, giving rise
to psain. In some cases of unexplained abdominal pain
without any gynsecological lesion,the underlying condition
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may be spasm of the urinary tract, due to disordered
function, probably hypertonus. In these cases the pain
elicited by the passage of a ureteral catheter or the
injection of sodium iodide into the ureter is exactly
gsimilar to the pain complained of. In other cases
infection or gross abnormality of the urinary tract is the
cause of the unexplained pain.
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It has been long recognised that dilatation and
stasis of the upper urinary tract occur frequently in
pregnsney, but although much information ahout the nature
of the change has been gained recently through the develop-
ment of urological methods, its significance and cause are
not yet fully understood. One of the earliest workers on
the subjects was Opitz (1905), who came to the conclusion
from the examination of post-mortem material that the
condition was due to compression of the ureter, especially
the right, between the uterus and the structures at the
pelvic brim. The work of Carson (1927) and others supports
this view. The observation that the dilatation in some
cases extends throughout the whole length of the ureter led
Stoeckel (1925) and others to believe that it was due to &
general atony of the urinary tract. Hofbauer (1928) found
a definite hyperplasia of the wall and sheath of the ureter
at its lower end and believes that this constitutes an
obstruction to outflow at the bladder, causing the dilatat-
ion of the ureter throughout its whole length. More
recently by the application of urological methods much
interesting work has been done, especially in Germany, on
the relationship of this anatomical change to disorders of
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function. Gremme (1931), comparing the views of the
various workers, comes to the conclusion that there is
atony of the nppér urinary tract in pregnancy which makes
it possible for the ureter, especially the right, to be
compressed between the uterus énd the psoas muscle, that
dilatation of the urinary tract does not necessarily mean
the presence of stasis, and that there may be delay in
emptying the upper urinary tract without the kidney function
being affected. The problems we are confronted with are: -
the cause of the primary atony which appears to be an
important factor in the production of the dilatation; what
effect these changes which occur in pregnancy have on the
function of the ureter and kidney; what bearing they have
en the occurrence of infeection, with particular reference
to pyelitis of pregnancy; the involution of these changes
in the puerperium and their relationship to the occurrence
of urinary infection in the puerperium.

| Towards their solution I have correlated the
results obtained by post-mortem, clinical, urological and

bacteriological examination.
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I. INVESTIGATION OF POST-MORTEM MATERIAL.

The ureters and kidneys of 102 women dying during
pregnancy or within a few days of delivery have been
examined. In certain cases before dissection the bladder
was opened and & ureteral catheter inserted througﬁ the
ureteral orifice. The upper urinary traect was then filled
with water until slight pressure was necessary to empty the
syringe. This gave the capacity of the kidney and ureter.
It also sllowed an accurate study of the dilated portions
of the ureter in relationship to the bony pelvis and to the
uterus.

The urinary tracts were then dissected out, again
filled with fluid, measursments tsken and in certain cases
pieces removed for histological examination. Control
material was examined from non-pregnant women. In many of
the cases, as many as four pieces were removed from each
ureter for histologlcal examination — &a plece from the
intravesical portion, one from the juxtavesiecal portion
3 cms. from the bladder, one from the widest part above the
pelvic brim and one from the junction with the renal pelvis.
While this method 1s of little value in detecting minor
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degrees of dilatation of the ureters, it allows a careful
study in cases where there 1s gross dilatation. It also
enables one-to make & histological exsmination to decide
whether any changes occur in the wall of the ureter as a

result of pregnancy.

(a) Naked-eye appearances.

To begin with, the cases were analysed in two
groups according to whether they died within 3 days of
delivery or later in the puerperium, but this was discarded
and the cases all grouped together as it was found that it
made no difference to the results. 18 of the oases were
less than 7 months' pregmant and were not included in the
first anslysis.
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T ABLE _I.
Primigravidae (32). Multiparae (52).
Dilatation.
Right, Left. Right. Left.
None. 2 b 10 18
+ - - 2 7 4 13
+ - 8 7 24 12
+ 12 10 7 6
¥ s 69% ! O+ 6% 5’2507% 2 17- 3%
+ 1 2 2 1
+ + + 1 0 o 0
Dilatation of + indicates a urinary tract with
a total capacity kidney and ureter of 20-30 ocs.;
+ + 30-50 co8.; + + + 50-70 ccs., and + + + +

over 70 cocs,

fairly marked dilatation.

One + therefore represents a

Table I is an analysis of the remaining 84 cases

and shows that there is dilatation of the right urinary

tract in 85 per cent. of cases, and of the left in 72 per

cent.

Dilatation, &8s is generally recognised, is more

marked on the right side but, contrary to what has often

been stated, is more marked in primigravidae than in

multiparae.

The right ureter shows a + dilatation
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or more in 69 per cent. of the primigravidae and in only
25 per cent. of the multiparae. On the left side there is
& + dilatation in 40 per cent. of primigravidase and in 17
per éant. of multiparae. The seme rule was found on
analysis of the cases where the pregnancy had lasted less
than 30 weeks. O0f the 9 primigravidae, 33 per cent.
showed a + dilatation on the right side and 11 per cent. on
the left. 0f the 7 multiparae, 22 per cent. had a +
dilatation on the right side and 11 per cent. on the left.
In 5 cases the left ureter was more dilated than the right.

In 48 cases the distortion of the urinary tracts
was 0f the type which I consider to be charaqteristic of
pregnancy. It is asymmetriecal. On the right side the
ureter is dilated from the pelvic brim upwards and is
markedly elongated and kinked. The kinks vary in number
and distribution, but the most common sites are immediately
below the kidney pelvis and the junction of the upper and
middle thirds.

The diletation also affects the kidney pelvis and
calyces and the right kidney ia often much larger than the

left as a result. Below the pelvic brim there is often no

dilatation of the ureter or, if present, it is seldom
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marked, so that at this level an abrupt narrowing of the
lumen uswually occurs. There may sometimes be an acute
kink at this point. On the left side some dilatation also
occurs but the kidney pelvis and calyces frequently escape.
There is a dilatation of the ureter, however, which is
widest at or slightly above the pelvic brim and does not
narrow suddenly below the brim but tapers gradually to the
bladder, so that very often the left ureter may actually be
broader than the right immediately below the pelvie brim.
Fig.1ll (Priest) shows the urinary tracts of a III-para who
died 9 days after delivery. The right urinary tract is
dilated and kinked to the level of the pelvic brim, whereas
on the left side the ureter alone is dilated in the middle
third and upper part of the lower third.

Fig.12 is a diagrammatic representation of those changes in
a primi-para, who died of obstetric shock a few hours after
delivery. It was made graphically from exact measurements.
Bach ureter held 6 ces. but the kldney pelvis and ureter on
the right side held 25 ces., while on the left they held

15 cos., 30 that the capaclity of the right kidney is more
than twice that of the left. Just below the pelvic brim
the left ureter is slightly wider than the right.



63.

The following photographs illustrate the variety
of appearance which is found in the urinary tracts of these
cases.

Fig.13 shows that although both kidney pelves are markedly
dilated the ureters are only slightly affected, on the
right side from the pelviec brim upwards and on the left
uniformly from a few centimetres above the bladder. Just
below the pelvic brim the left ureter is wider than the
right.

Pig.14 shows the same distribution of the deformity dbut very

little dilatation of the kidney pelves.

Fig.15 shows the urinary tracts of a primipara who died one
month after delivery. There 1s very little dilatation of
the kidney pelves but both ureters are dilated. On the

right side the upper half of the ureter is more dilated than

the lower half, while on the left side the reverse is seen,
and there is no abrupt narrowing at the pelvic brim.
Pig.16 shows the urinary tracts of a primipara who died one
week after delivery, of pyelitis. The left ureter is more
dilated in its lower half and the right is slightly more
dilated above the pelvic brim than below it.

Occasionally the dilatation of the left urinary
tract also is marked, in which case the deformity on the

i




left side resembles that typical of the right. As a
general rule where the dilatation was marked on the right
side, it was pronounced &also on the left to a less degree,
but occasionally where the right urinary tract was
‘enormously dilated the left showed only very slight
dilatation.

Fig.17 shows the urinary tracts of a primiparsa who died
within 24 hours of delivery. On the right side typical
dilatation and kinking of the ureter is seem above the
pelvic brim. On the left side the same deformity from the
pelvie brim upwards is seen to & lesser degree.

Fig.18 shows the ureters grossly dilated from the pelrvic
brim upwards on both sides.

Pig.19 shows that enormous dilatation and kinking of the
right urinary tract can be present with very little of the
left. The right kidney is much bigger than the left,
indicating that the dilatation affects the calyces. There
is, however, no demonstrable histological difference between
the two kidneys but, as will be seen later, function of the
kidney in such cases is greatly disturbed.

Pig.R0 shows the kidneys in a typical primigravida opened
to0 show the dilated kidney pelvis and calyces on the right
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side with increase in the size of the kidney.

These observations point to the existence of an
obstruction in the right ureter at the level of the pelviec
brim as it is consistently dilated and kinked above this
point. | In some cases similar obstruction, though less
marked, appears to oceur in the left ureter, but as a rule
when it is dilated the dilatation affects the whole ureter
and there does not appear to be any special point of
compression, as the normael contour is preserved, the most
dilated part being the middle third, which is normally the
widest part. As I shall show later, the ureters in the
early months of pregnancy undergo & slight general dilatat-
ion as a result of the pregnant state. The right ureter
in the second half of pregnancy becomes obstructed by the
pressure of the pregnant uterus on it and becomes further
dilated and kinked above‘the point of compression, and
narrowed below it. This corresponds exactly to the
deformities produced by experimental compression of the
ureter (Smith and Ockerblad, see page 20). The left ureter
as a rule appears to escape compression by the pregnant
uterus, and the initial dilatation of thé early months may

persist unaltered to the end of pregnancy.
It is difficult to place the ureters for
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Photography in the position which they occupy in the body,

as the kinks lie in differemnt planes. The kinks remsain
after the ureter has been removed from the body and if
obliterated by firm traction, return immediately it is
released. When put on the stretch, bands of fibrous tissue
are seen binding the loops together, as is clearly seen in 1
Fig.19. In order to determine whether the kinks cause
narrowing of the lumen, the ureters were split open
longitudinally in some cases and in others serial sagittal
sections were made. Fig.21 is & photograph of the kinked
area in a ureter split open longitudinally. It shows that
the luhan is narrowed at the apex of the kink. This is
supported by the evidence obtained from serisal sections.
Fig.22 shows the ureters in a primipara who died 48 hours
after delivery. The right ureter is acutely kinked and |
Fig.23 1s & photograph of a sagittal section through one of |
the kinks. It was the section in the series in which the
lomen was widest bnt,_nevertholoss, definite narrowing is
present. Although there can be little obstruction to out-
flow as the lumen is still falrly wide, the normal
peristalsis may be upset and spasm oceur, which will then
cause blockage. It will be shown in the clinical study
that the distribution of pain arising from the urinary tract:
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is related to the situation of the kinks. Where there is
acute infection of the urinary tract, pus collects in the
bends of the kinks and may cause intermittent blockage. The
kinks usually disappear very completely after delivery where
the pregnancy has been normal, but where pyelitis of
pPregnancy has occurred, the resultant fibrosis and adhesions
may lead to persistence of the kinks.

The cause of death did not appear to bear any
relationship to the amount of dilatation present, except in
cases of toxaemia where it was consistently very slight.
There were 14 mnltiparae who died of toxaemisa, including
eclampsia, albuminuria and ante-partum haemorrhage. Hone
of these sthed & + dilatation, most showing very little at
all. Por the rest of the multiparae in this series the
incidencse of + dilatation was 40 per cent. This
eoiresponds with the urological findings, that there is a
-relative absence of delay in excretion in the toxaemic cases.
Anselmino, Hoffmann and Kemmedy (1932) have shown that, in
the toxic aslbuminuria of pregnancy and eclampsia there is
an overprodunction of the hormones of the posterior pituitary
gland. It is probable that this is the factor whieh
prevents the more marked degrees of atony and dilatation of

the urinary tract in these cases.




(b) Microscopic appearances.

The striking microscopic feature in the ureter
during pregnancy, as was first demonstrated by Hofbauer
(1928), is the excessive hypertrophy of the ureteral sheath.
This in the non-pregnant state is & very thin structure, as
is seen in Fig.24 which shows a transverse section of the
ureter, just where it enters the bladder in a nullipara,
aged 18. The sheath here is very uneven in its distribut-
ion round the ureter and at one point is almost non-
existent.

Fg.85 is a similar section in a nullipara of 38 years and
again shows how thin a structure the sheath is. In
pregnancy the sheath is enormously hypertrophied, as is
seen in Fig.86, which is a section of the right ureter
where it enters the bladder in & primipara, who died on the
fourth day post-partum. It shows fhe remarkable develop-
ment of the ureteral sheath which completely encireles the
ureter. The wall of the ureter itself is also greatly
thickened.

Mg.27 is a section of the same ureter just below the
crossing of the uterine artery and it shows that these
hypertrophic changes in the wall and sheath of the ureter
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are presemt at this level also. They are not constantly
found in the upper half of the ureter, however, where there
is no sheath.

_ In both the sheath and the wall of the ureter, the
increase in thickness is due largely to hypertrophy of the
individusl muscle bundles and there is also proliferation of |
the fibrous tissue between them. According to Hofbauer, |

these hypertrophic changes are analogous to the changes

occurring in the lower uterine segment during pregnancy, and
are governed by the same factors. I have found that the
amount of hypertrophy present varied greatly in different |
cages and could not be demonstrated in women dying in the
early months of pregnancy. The hypertrophy is as common
and as marked in primigravidae as in multiparsae. The
thickened ureters can sometimes be palpated on vaginal
examination, as was pointed out as early as 1892 by Saenger. |

Both ureters are affected, ususally to an equal degree, and

no relationship could be found between the degree of hyper-
plasia and the degree of dilatation present. Hofbauer
believes that this hypertrophy causes & narrowing of the
lumen of the ureter and is thus an obstruction to outflow

of urine. In support of this theory he states that in
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some cases the dilatation does not stop short at the pelvic
brim but extends right down almost to the bladder, pointing
to the site of obstruction being at the lower end of the
ureter. He believes that the torsion of the pregnant

uterus to the right, which commonly occurs, causes kinking

of the lower end of the right ureter while the left is 5
merely stretched so that the right ureter becomes more
dilated as a rule. I cannot subscribe to this opinion, for ;
the following reasons:- (1) the hypertrophy cannot be f
demonstrated before the fifth or sixth months of pregnancy, |
when dilatation of the ureters is often marked; (2) the |
amount of hypertrophy bears no relationship to the amount of E
dilatatien; (3) contrary to Hofbauer's statement that the
right ureter is dilated down to the bladder and that the
point of obstruction is the kink of the lower end of the
ureter caused by torsion of the uterus, I have found that
the right ureter is dilated only as far down as the level of
the pelviec brim which must be the point of obstruction;

(4) ureteral catheters passed during pregnancy seldom meet
with any obstrauction at the lower end of the ureter but a
certain amount of obstruction is always encountered after

the catheter has been inserted 12 to 15 oems. — that is,
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to the lével of the pelvic brim, and (5) in my experience
dilatation of the lower half of the ureter is more oommonly
seen on the left side than on the right, although according
to Hofbauer's theory no obstruction to outflow should exist
at the lower end of the left ureter.

The hypertrophic changes are probably in the
nature of a protective mechanism to prevent undue compress-
ion of the lumen of the lower ends of the ureters in the
later weeks of pregnaney, as has been put forward by Duncan
and Seng (1928)

‘ In chronic intermittent obstruction in non-
pregnant women, the wall of the u:eter above the point of
obatruotion hypertrophies in the first instance and only if

the obstruction is progressive does the ureteral wall become

thinned out and atretched. Pigs. 28 and 29 are sections

of the right ureter in a pregnant woman from the pelvie
portion and from the widest part above the pelvie brim. We
see that in the dilated part of the ureter the wall is
thinned out and no appreciable hypertrophy or hyperplasia

of fibres.ocould be made out. This suggests that the

. oontractile‘power of the ureter has heen lessened.

Bigs. 30 and 31 are transverse sections of the ureters of
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& pregnant woman in the last month. The sections are
taken one from each ureter at the same level, several
centimetres above the pelvic bhrim. The right ureter,
Pig.30, was dilated much more than the left, Fig.3l, and
its wall appears to be stretched and thinmed out. Under
bigher magnification, stretching of the existing muscle
fibres can be made out. A comparison of Figs. 38 and 33,

which are small portions of the wall in the right and left
nreters respectively, shows this clearly. In Pig.38 the
submucosa is oedematous and the longitudinal muscle bundles
are flattened out. The circular bundles are also diminish-
ed in sige. These histological appearances suggest
stretching of an atonic structure, rather than the break-
down of a compensatory hypertrophy. The difference on the
two sides corresponds to the fact, to be demonstrated later,
that the dilated right ureter is usually mauch more atonic
than the less dilated left ureter.

(¢) Discussion.
A careful examination in women who have died
undelivered or in the living before performing Caesarean

Section shows that the ureter can be compressed between the
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uterus and the psoas mnscle on the right side. Pig.34 is
a Sketch of the urinary tracts in situ of a primipara who
died a few hours after Caesarean Section for contracted
pelvis. It shows enormous dilatation and kinking of the
right urinary tract down to the point where it crosses the
common iliac artery. Stretching across the kinks light
bands of fibrous tissue are seen. In its upper portion the
right ureter is dlsplaced laterally beyond the outer border
of the psoas muscle and where it bends medially to eross the
belly of the psoas muscle it was flattened by the uterus and
empty of urine, whereas the portion above that was distended
with urine. The left ureter is displasced laterally and
slightly dilated in its middle third; it narrows quickly as
it crosses the common illac artery to descend into the
pelvis behind the sigmoid colon. The left kidney pelvis is
undilated.

In some cases the compression seems to be between
the uterus and the common iliac artery which on the right
aide, as it has to cross the vertebral columm, lies more
anteriorly than on the left and pushes the ureter forward.
At Caesarean Section flexion of the thigh to relax the psoas

muscle relieves the compresasion of the ureter to some extent.
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This may explain the partial relief of pain experienced by
some pregnant women on flexing the thigh. On the left side
the ureter is less exposed to pressure for several reasons.
In the first place, becanse of the difference in the course
of the common iliac vessels on the two sides, it lies more
posteriorly on the left and, instead of crossing the vessels
almost at right angles &8s on the right side, it runs almost
parallel to them. It is therefore partly protected from
pressure at the pelvic brim by the promontory of the sacrum,
Secondly, the left ureter at the pelvic brim passes behind
the sigmoid colon and its mesentery. The peristalsis of
the bowel makes any pressure on the left ureter intermittent
and may directly stimulate ureteral peristalsis. The
torsion of the uterus to the right does not really enter the
question at all, as it is not displaced laterally, and any
effect produced by kinking the lower end of the right nrefer
must be nngligible; a8 the pelvie portion of the right
ureter does not appear to be obatructed. I have observed
at Ceeaarean Section that thé uterus is sometimes twisted

to the left and that ;n these patients the dilatation is not
more marked on the left side. In the non-pregnant state,

ovarian cysts have been shown to cause dilatation of the
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ureters. As the cyst is usually situated to one side it
causes dilatation of the ureter of the same side. If the
cyst is so large as to cause uniform pressure in all
directions the right ureter is always more dilated than the
left, as has been shown on page 47. The right ureter is
therefore more exposed to pressure than the left in both the
non-pregnant and pregnant states. This is due in all
probability to the different course of the two ureters as
they cross the pelvic brim and not to the uterus twisting to
the right. This is further supported by the fact that all
the cases of scolio-rachitic pelvis with displacement of the
sacrum to the left, so that the course of the right ureter
is still more exposed, have shown very marked dilatation of
the right urinary tract. The same is true to & less marked
degree of cases of flat rachitic pelvis. Fig.35 is an
intravenous pyelogram in a case of scolio-rachitic pelvis
and it shows the enormous dilatation of the right kidney
pelvis and upper third of the ureter. Many authors have
observed the dilatation of the urinary tracts at autopsy 1in
women who died during pregnancy or in the early stages of
the puerperium, but I have been unsable to find a detailed
description of the exact changes, bhoth maoeroscopic and
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microscopic, such as I have given above, nor any satisfactory

explanation of the difference between the two sides.

——

I. INVESTIGATION IN THE LIVING SUBJECT.

Methods.
(a) Cystoscopy and chromocystoscopy. Cystoscopic

exﬁmination in pregnant women is usually an easy procedure
and causes very little disturbance. The passage of even a
large catheterising cystoscope is usually not difficult
owing to the laxity of the tissues including the external
urinary meatus.

Bven in early pregnancy the trigone 1s raised and
the posterior wall of the bladder pushed forward. There is
often a marked congestion of the base of the bladder and, to
& less extent, of the bladder wall. The ureteral orifices
become more widely separated, especially near full time. At
this stage the foetal head pushes the posterior bladder wall
forward and shortens the anteroposterior diameter of the
bladder g0 mnch that the cyatoscope has to be introduced
into one of the lateral pouches which are so formed. The
ureteral orifices are usually slightly elongated and in
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some cases are directed laterally, at right angles to the
urethra, so that they cannot be seen. In multiparae when
the bladder is filled the foetal head often recedes or can
be easily pushed out by the finger in the vegina, but in
primigravidae this may be impossible and cystoscopic
examination should not be attempted. For these ressons it
has been found easier when oystoscoping pregnant women teo
have them lying flat on the back instead of half sitting up,
as is ususl during urological examination.

Cystoscopy is almost painless where & normal
examining cystoscope is used and an ansesthetic 1s never
necessary. When a larger instrument is used there is often
some discomfort in introdmoing it even when well lubricated
with K.Y. Jelly, but experience maskes it possible to pass
large catheterising cystoscopes with very little discomfort.
In cases where & goneral anaesthetiec is required I have
found that 'Evipan', & new intravenous anaesthetic which
gives 15 minutes' anaesthesia, is very suitable.

The bladder capacity is well within normal limits
a3 & rule in pregmancy and although pyuria is so frequently
enconntefod, the ease with which the bladder can’be washed

free of pus suggests that the cystitis is usually secondary
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to infection of the upper urinary tract and is slight in
degree. This confirms the clinical finding that bladder
symptoms are usually slight or absent. In many cases the
intramural portion of the ureter is very prominent and the
ureteral orifice raised, thickened and indurated. This is
what would be expected in view of the thickening in this
area demonstrated histologically.

Simple cystoscopic examination has seldom been
performed alone but is combined with chromocystoscopy,
catheterisation of the ureters, urea concentration in the
urine from separate kidneys and, in some cases, with X-Bay
examination. My technique for chromocystoscopy is as
follows: 5 cca. of O+4 per cent. indigo carmine are given
intravenously and the time of appearance of the dye at the
ureteral orifices noted through the cystoscope. The great
advantage of this test is that the results are forthecoming
at once, which is very useful in out-patient practice.
Where the dye appears in 4 minutes in good concentration,
we can conclude that the kidney function is good and that
there is no dilatation of the upper urinary tract. During
pregnancy there is generally an absence of vigour in the

ureteral peristalsis which mekes the efflux dlifficult to
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see unless stained by dye. The size of the efflux, the
interval between the ejections and their vigour all give
valuable information as to the funetion of the ureter. Isck
of concentration of the dye may be dme to many caunses.

Where the efflux is regular and powerful it may be due to
deficient kidney function. Where the efflux is irregular
in size and time it