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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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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
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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



lel

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
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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.



26.

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


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































