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Dedication
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W.E. Goodwin and Professor J.J. Kaufman in particular; to my present and
past associates at the Alfred Hospital, especially Mr David Kennedy, Mr
Don MacDonald, Mr Douglas Druitt, Mr David Westmore, Mr Alex Wood
and Mr David Yoffa — with whom many discussions have enabled me to
express the views in this book while still appreciating that there are often
two or more satisfactory ways of dealing with the same problem.
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Foreword

In this precise and authoritative urological text Mr Ronald Brown and his
associates have scored two firsts. In its emphasis throughout on the im-
portance of clinical assessment, history taking and physical examination,
together with its wealth of illustrations, it offers a unique view of
genitourinary medicine; and it is the first clinical urology text to be written
by an Australian.

The authors’ approach to their subject is ideal for students and physicians
confronted with patients with genitourinary problems. The text is concise,
the references valuable and the index comprehensive. | was particularly in-
terested in the chapter on Paediatric Urology with its admirably succinct
discussion of hypospadias, but the outstanding feature of the whole book
is the line drawings and illustrative x-rays, not only excellent in themselves
but in their presentation: the clear uncrowded layout making it easy for the
reader to-consult the appropriate illustration nearby, and where helpful
there has been no hesitation in using the same diagram in several different
places. If my students know everything that's in this book they will know
more than most urologists.

It is especially gratifying to me to see this fine book emanate from Australia
and to know that four of the authors have had their stimulus to excellence
in work here at UCLA.

Willard E. Goodwin, MD
Professor of Surgery/Urology
University of California, Los Angeles



Preface

There are many outstanding textbooks of urology, yet there is a need for an
approach which stresses basic clinical symptom presentation, diagnosis
and treatment. For, although modern urological practice relies greatly on
various specialised investigations — such as computerised tomography
and fibre-optic visualisation — a careful history taking and a thorough
general examination are still of paramount importance; together with a fun-
damental knowledge of embryology, anatomy, physiology and pathology,
and, combined with cumulative clinical experience and simple investiga-
tions, these remain the basis for the diagnosis of most patients.

In writing the book we have been mindful of the important role illustrations
can have in increasing understanding and retention of knowledge. By using
not only line drawings, but wherever possible, x-rays, we have attempted
to help the reader bridge the inevitable gap between the simple lecture
room concept and the more complex reality of the clinic. Descriptions of
operative techniques have only been included where it was thought to be
essential to an understanding of a problem.

Urology is a major specialty. In Melbourne it accounts for a fifth of all elec-
tive surgical admissions and, on average, each general practitioner sees one
genitourinary problem a day. Unfortunately this incidence is not always
reflected in undergraduate student teaching programmes. Thus, whether as
an introductory text or an opportunity for revision and updating, we hope
medical students, urology residents and clinical practitioners will find
something of value here.

Melbourne R.B. Brown
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Chapter|

Embryology and Congenital
Abnormalities

An understanding of the evolution of the genitourinary system is essential if
the system’s normal and abnormal anatomy is to be understood. Many of
the congenital abnormalities in this chapter are further discussed
elsewhere, especially in chapter XIV, Paediatric Urology.
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Embryology

The evolution of man has seen the development of 3 distinct kidney
systems — the pronephros, mesonephros and metanephros. Only the latter
remains although the development of this system, and the retention of
some of the earlier components, is responsible for occasional congenital
abnormalities.

Figure 1 illustrates these changes diagrammatically. The pronephric and
mesonephric renal elements have disappeared completely in man but the
pronephric or Wolffian duct has persisted in both sexes as the bladder tri-
gone, and in males as the posterior urethra, vas deferens and seminal vesi-
cle, while forming almost all the urethra in the female. The mesonephric or
Mullerian duct persists in the female as the fallopian tubes and as the
prostatic utricle in the male. The ureter develops as a bud from the pro-
nephric duct to rise and join the developing metanephrogenic renal tissue.
Should two ureteric buds develop then a bifid systern may resuit.
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Renal system
1a The evolutionary replacement of the 3 renal systems.

1b The development of the ureter and vas deferens.

1c The development of the urogenital sinus and genital tubercle.
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Figures 2-7 illustrate the development of completely bifid renal and ureteric
systems while figures 8-9 illustrate the development of incomplete bifid
systems.

The urogenital sinus elongates and widens, causing the future vas deferens
to loop and to be crossed by the ureter. Further lateral expansion of the tri-
gone incorporates the vas deferens and ureter into their adult relationships.

The urogenital sinus, with its thin cloacal membrane (fig. 1), is divided by
the growth and descent of the uro-rectal septum of Rathke, which fuses in
the mid-line to separate the future bladder and rectum. The development
of the septum carries the mesonephric duct derived fallopian tubes, uterus
and upper vagina into the pelvis, resulting in their adult relationships to both
the ureter and the uterine artery.

a

Pelvi-ureteric
stricture
Braasch
bulb
catheter
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The development of completely bifid renal and ureteric systems
2 Two ureteric buds develop from the pronephric duct in an 8-weeks-old embryo.

3 Elongation and widening of the urogenital sinus incorporates the 2 orifices with the up-
per segment ureter situated more caudally, irrespective of thé number of times the ureters
cross (Weigert-Meyer rule).

4 A completely bifid adult system. Note the shorter sub-mucosal length of the lower seg-
ment ureter which often results in vesico-ureteric reflux. Ectopic or ureterocele openings
are also more common in bifid systems.

5 A completely bifid uncomplicated right system. Note the upper system ureter crossing
the lower.

6 The apparent solitary presence of an upper calyceal system, with only 2 or 3 calyces,
should always raise the suspicion of a bifid system.

7 Cystoscopy and Braasch bulb retrograde pyeloureterogram of patient in figure 6 reveals
a bifid right system, with the lower half complicated by gross pelvi-ureteric obstruction
which has destroyed its function. Note that the catheter must be inserted into the superior
bladder ureteric orifice in order to outline the lower system.

An incompletely bifid ureteric system
8 Should 2 buds arise from the same ureteric mesonephric duct bud an incomplete bifid
system may resulit.

9 A gross right-sided uretero-ureteric 'Yo-Yo' refluxing system; distension pain was
reproduced and observed by cine studies after a heavy fluid load. Note the completely bifid
but asymptomatic left system.
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Congenital
Abnormalities

Renal and Ureteric
Structural
Abnormalites

The bladder trigone, the posterior urethra in the male and almost all of the
female urethra are derived from the expanded lower ends of the pronephric
ducts, whilst the rest of the bladder is derived from the original urogenital
sinus.

The gonadal ridge tissue develops medial to the disappearing mesonephric
tissue and differentiates into ovarian or testicular tissue whilst associating
with the respective mesonephric or pronephric duct and descending, in the
uro-rectal septum, to the pelvis or scrotum, resulting in the anterior rela-
tionship of both of these ducts to the adult ureter.

The undifferentiated external sexual stage of the embryo is represented by
the genital tubercle, which develops a groove on its under-surface together
with two infro-lateral genital swellings. Future sexual differentiation results
in:

Female: The genital tubercle persists as the clitoris whilst the under-surface
groove disappears and the genital swellings enlarge to become the labia.

Male: The genital tubercle enlarges to form the penis whilst the under-sur-
face groove joins together from behind forwards to form the urethra. The
genital swellings become fused at the mid-line to form the scrotum. The
testes have usually descended to the level of the internal inguinal ring just
prior to birth and make their final descent and scrotal fixation at the time of
birth.

It is not surprising that such a complex series of changes should occa-
sionally result in errors of development.

Agenesis: There is no trigone, ureter or kidney (fig. 10).

Aplasia: There is a small trigonal and ureteric development but no renal
tissue (fig. 11).

Fetal Lobulation: The normal fetal lobulation development persists (fig.
12). Congenital lobulation must be distinguished from pyelonephritic scar-
ring.

Megacalycosis: This congenital but, usually non-obstructive dilatation of
the calyces may be confused with obstructive hydrocalycosis (figs. 13-14)
[see also p. 270].
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10 Agenesis. There is no trigone.

11 Aplasia. There is a small trigonal and ureteric development but no renal tissue.

12 Fetal lobulation. The normal fetal lobulation development persists.

Megacalycosis
13 Schematic representation.

14 Left-sided megacalycosis.

11 12

13
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Dysplasia: A usually smaller than normal kidney with abnormal primitive
duct development of renal tissue. In addition to renal elements other tissues
such as small cysts, cartilage, bone or smooth muscle develop (fig. 15).

Hypoplasia: An otherwise normal but very small system (fig. 16).

Antero-medial Renal Rotation: The kidney does not completely flatten
on to the posterior abdominal wall and the pelvis remains facing anteriorly
and medially (fig. 17).

Horseshoe Kidney: A similar but bilateral antero-medial rotation of the
kidneys occurs, in addition to a connective tissue or, uncommonly, renal
tissue fusion of both lower poles in front of the aorta and inferior vena cava
(figs. 18-19). The resultant close proximity of the pelvi-ureteric junction to
this connection and the great vessels may account for the high incidence of
pelvi-ureteric hydronephrosis in such patients. (See also chapter XII; p. 280)

Pelvic Kidney: A low development of the metanephrogenic tissue results
in a pelvic kidney which, although flattened and receiving a multiple blood
suppy from the adjacent iliac vessels, does not require any specific treat-
ment unless it has an associated abnormality, such as a pelvi-ureteric hy-
dronephrosis (fig. 20).

Ectopic Kidney: A pelvic kidney represents the most common form of
renal ectopia but other abnormal loin to pelvis positions are occasionally
found, together with the extremely rare condition of crossed renal ectopia,
in which one kidney has developed in a normal manner but the other has
crossed to fuse with it. The abnormal ureter crosses behind the great
vessels to reach its own side and such a crossing may result in proximal
dilatation, although this is rarely severe enough to require corrective surgery
(figs. 21-22).

Retrocaval Ureter: This results from a normal ureteric development but an
abnormal abdominal venous system development. The most common type
involves the right ureter running behind the inferior vena cava, and severe
proximal obstruction may result (see chapter Xll; page 280) requiring surgi-
cal correction (fig. 23).

16 17
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15 Dysplasia.
16 Hypoplasia.

17 Antero-medial rotation.

Horseshoe kidney.
18 Schematic illustration.

19 Horseshoe kidney with a left-sided pelvi-ureteric obstruction.
20 Ectopic pelvic kidney.

Crossed renal ectopia
21 With slight proximal dilatation.

22 Left-sided crossed renal ectopia without proximal dilatation.

23 Retrocaval ureter with gross proximal dilatation.

20

23
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Pelvi-ureteric Obstruction and Aberrant Renal Vessels: See pages 36,
38, 274, 326.

Duplex System: Budding of the ureter may be partial or complete, leading
to either two complete systems or an upper duplex system (see p. 4-5). The
elongation and widening of the urogenital sinus, together with the looping
of the lower aspect of the pronephric duct in a duplex system, results in the
ureter which drains the upper renal segment always being situated below
and medial to its fellow. This arrangement (see below) usually ensures that
the more medial ureter, by virtue of its longer submucosal length, is non-
refluxing whilst the more laterally situated ureter often refluxes (figs. 2-4).
Uretero-ureteric reflux may also occur in some incomplete bifid systems
(fig. 9).

Vesico-ureteric Reflux: (See also pages 52, 134, 336).

The length of the submucosal ureter determines whether or not congenital
vesico-ureteric reflux occurs. The submucosal tunnel is surrounded by
loose connective tissue, which ensures that if the tunnel is sufficiently long
it is progressively flattened by increasing intra-vesical resting or voiding
pressure, thus preventing reflux from occurring. Deficiencies in this sub-
mucosal length account for 95% of all cases of vesico-ureteric reflux,
which is found in 30% of all children presenting with urinary tract infection.

Ectopic Ureter: Should the ureter arise from a very low position on the
pronephric duct then it may open into the lower trigone, bladder, posterior
urethra, vagina, vas deferens or seminal vesicle. Should the relationship be
below the bladder and posterior urethral outlet sphincteric mechanism then
day and night-time urinary incontinence may result (fig. 24).

Mega-ureter: The term primary mega-ureter refers to a congenital dilata-
tion of a ureter, without the presence of bladder or urethral obstruction.
The condition is distinguished from secondary mega-ureter, which may
result from mechanical and/or function distal obstruction and/or vesico-
ureteric reflux (see p. 328).

As illustrated in figures 25-28 a primary mega-ureter possesses a variable
degree of dilatation, with or without hydronephrosis, due usually to a nar-
row distal ureteric segment which, for unexplained reasons, acts as a func-
tional barrier to normal ureteric peristalsis. This narrowed area varies in
length and the terms supravesical and vesical mega-ureter are sometimes
used to describe these situations. The term focal gigantism is also used to
describe a dilated primary vesical mega-ureter.

Dilatation of the ureter however does not necessarily mean significant
obstruction (chapter XIl). Radiological visualisation of an obstructed mega-
ureter reveals vigorous, high pressure, muscle contractions of the proximal
portion, resisted by a sustained contraction of the distal portion, resulting in
a delay in emptying of the system. A grossly abnormal delay in emptying
will result in urinary stasis, renal damage and eventual atonia of the hy-
pertrophied proximal ureteric muscle bundles, leading to further proximal
ureteric dilatation. Such severe cases require surgical re-implantation of the
ureter into the bladder, above the level of the narrowed distal segment, or a
nephrectomy in patients with gross renal damage. A long submucosal tun-
nel, reflux-preventing, implantation operation is employed, but may be
difficult to achieve in the presence of gross ureteric dilatation (see p. 335).



Embryology and Congenital Abnormalities

24

24 Ectopic ureter.

Mega-ureter

25 Vesical mega-ureter without renal obstruction.

26 Vesical mega-ureter with renal obstruction.

27 Right supra-vesical mega-ureter without renal obstruction.

28 Left supra-vesical mega-ureter with renal obstruction.

N -

-

25

"

28
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Renal Cellular
Abnormalities

Fortunately, many cases of congenital mega-ureter do not result in such
serious side effects, nor do they cause significant symptoms, other than in-
fection, and therefore require only regular urological observation and inter-
mittent chemotherapy rather than attempted surgical correction.

Ureteric Valves: Congenital obstructive flaps of tissue may, rarely, occur
in the upper ureter.

Ureterocele: This term is used to describe an abnormally narrow and dis-
tended opening of the ureter into the bladder (see p. 330). There may be
associated obstructive dilatation of the involved system which may require
corrective surgery (figs. 29-30).

Renal Glycosuria: Glycosuria can result from diabetes mellitus or from
failure of the proximal tubules to completely absorb all of the glomerular
filtrated glucose. No specific treatment is available for this condition but it
must be distinguished from diabetes mellitus.

Renal Tubular Acidosis: This is rare (see p. 210).
Cystinuria: This is extremely rare (see p. 209).

Diabetes Insipidus: This is a very rare male sex-linked Mendelian recessive
gene disease which prevents the collecting tubules from responding to an-
tidiuretic hormone. Severe dehydration, particularly in children, may result
from this abnormality.

Phosphaturia: In this extremely rare abnormality phosphate is not reab-
sorbed in the tubules and very large doses of Vitamin D are necessary to
prevent renal rickets occurring.

Fanconi Syndrome: Amino acids and phosphate are not reabsorbed by
the tubules and, usually, an associated renal tubular acidosis is present.
This condition also, is extremely rare.
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Ureterocele
29 Left ureterocele with renal obstruction.

30 Left ureterocele without renal obstruction.

29

13
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Bladder
Abnormalities

Agenesis: This is extremely rare.

Extrophy: As indicated in figures 31-32, if the cloacal membrane is larger
than normal and extends onto the future lower abdominal wall before dis-
solving there may be a deficiency of anteriorly covered areas in this region,
ranging from a minor epispadias to a complete extrophy of the bladder and
urethra. Ectopia vesicae occurs once in every 50,000 births and is associ-
ated with ureteric and renal obstructive dilatation and damage, epispadias,
a deficient pubic symphisis, umbilical hernia, undescended testes and in-
guinal hernia and an abnormally lax, prolapsed anal sphincter and rectum.
The condition requires early expert reconstruction (p. 352) or urinary diver-
sion (chapter VIII).
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Ectopia vesicae
31 Extension of the cloacal membrane

32 The abnormalities which result from 31

31

Extended cloacal_'
membrane

32

Umbilical hernia—pCD

Epispadias

Inguinal
hernia

Renal obstruction

Absent abdominal
muscles and pubis
with exposed posterior
bladder wall

Undescended
testes

Prolapsed rectum
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Recto-vesical, Recto-urethral and Recto-vaginal Fistulae: As indicated
in figure 33 these congenital fistulae are associated with an imperforate
anus and result from faulty development of the uro-rectal septum. Such
cases require reconstruction of the anus together with removal and closure
of the fistula track.

Patent Urachus: Very rarely the urachus remains patent and and urine
escapes from the umbilical region. Encysted areas of the urachus may also,
rarely, result from failure of complete obliteration and many become in-
fected, requiring surgical excision (see p. 332).

Duplication: A second uro-rectal septum may, very rarely, partially or
completely divide the bladder with a median wall, which may even require
surgical excision in severe cases.

Triad or Prune-belly Syndrome: Failure of the abdominal muscles to
develop is associated with intra-abdominal testes and gross hypodysplasia
of several areas of the genito-urinary system. The abdominal skin is
wrinkled early in life, hence the name, but later develops into a pot belly.
Other congenital abnormalities are common and 50 % of these children die
within 2 years of birth (fig. 34).
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33

33 Congenital cloacal fistulae.

34 Urinary abnormalities in the ‘triad syndrome’ — diffuse hypomuscularity causing
bizzarre enlargement of the ureters.

Recto-vesical

Recto-urethral

Recto-vaginal

Rectum
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Megacystis-mega-ureter (Focal Gigantism of the Bladder and Ureter):
In this condition which, in its later stages, may be impossible to distinguish
from gross primary vesico-ureteric reflux, the congenital ureteric and pelvic
dilatation extends from the calyces to the ureteric orifice, producing a
vesico-ureteric refluxing system together with a large bladder, without evi-
dence of any bladder outlet and/or urethral mechanical obstruction. In the
early stages of a megacystis-mega-ureter system there is vigorous
peristalsis of the muscle components of the bladder and ureter, but this ex-
cessive energy is not coordinated and fails to empty the system ade-
quately. Urinary stasis, renal damage and eventual atonia of the muscle in
the walls of the ureter and bladder follow, leading to further dilatation. Such
serious side effects may require surgical, non-refluxing, ureteric re-implan-
tation into a surgically reduced-capacity bladder. Unfortunately, some of
these children present with advanced renal failure and many require an in-
itial cutaneous ureterostomy suprapubic urinary diversion, in order to
achieve optimal renal function, prior to reconstructive surgery. Cases of
minor megacystis-mega-ureter syndrome do not require surgical correction
of the abnormality but do require regular urological supervision for the rest
of their life.

Marion's Disease: This rare congenital bladder neck stenosis may require
transurethral or open resection, depending upon the degree of obstruction
and the age of the patient (p. 336).

Congenital Diverticulum: Most adult bladder diverticula are associated
with bladder outlet or urethral obstruction but a congenital diverticulum
does occasionally occur in the region of the ureteric orifices (see p. 336).
The diverticulum often contains bladder muscle fibres in its wall in contrast
to acquired or pulsion diverticula, which represent herniations of the blad-
der mucosa through hypertrophied muscle bundles (figs. 35-36). Surgical
excision of a congenital diverticulum is indicated if it is sufficiently large or
complicated.
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Diverticula

19

35 Congenital and acquired bladder diverticula. Note the absence of muscle in the ac-

quired or pulsion diverticulum.

36 A congenital bladder diverticulum. Note the narrow communicating neck.

35

Muscle
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Pelvic
fascia

Muscle
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Acquired
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Urethral
Abnormalities

Hypospadias: Minor forms of hypospadias are not uncommon and a total
incidence of 1 in 300 male births has been reported. The condition results
from incomplete distal fusion of the genital tubercle under-surface groove
and results in the urethra terminating proximal to the ventral surface of the
penis (fig. 37).

Hypospadias may also result in:

1) A usually narrow, external urethral meatus

2) A shortening and associated fibrosis of the proximally developed and
distally undeveloped urethra and related tissues, which produces a
ventral deviation of this part of the penis, particularly evident on erec-
tion, and termed a chordee deformity

3) An incomplete ventral prepuce

4) A small blind pit on the tip of the glans penis.

Hypospadias is anatomically classified according to the site of the external
meatus as:

Glandular
Coronal 80%
Penile

Peno-scrotal 0
Perineal 20%

Circumcision should never be performed in severe cases as the dorsal pre-
pucial skin may be required for future reconstruction of the deficient urethra
(p. 346).

Peno-scrotal and perineal hypospadias are usually associated with a small
penis, and the question of intersex (see p. 354) must be settled before
surgical and sociological advice is given.

Epispadias: A shortened dorsal opening of the urethra (fig. 37) is far less
common than hypospadias (p. 352).
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Hypospadias and epispadias
37a Subglandular (coronal groove) hypospadius

37b Peno-scrotal hypospadius
37c¢ Perineal hypospadius
37d Epispadius
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Posterior Urethral Valves: This condition (fig. 38) occurs in males where
persistence of the distal ends of the Wolffian ducts leads to faulty develop-
ment of the posterior urethra, where valve-like flaps of tissue run from the
verumontanum to the lateral urethral walls resulting in mechanical posterior
urethral outlet obstruction (Young et al., 1919). Provided that the condition
is diagnosed (see p. 338) before severe secondary obstructive or infective
complications have occurred then the results of transurethral resection of
the valves are excellent.

Distal External Meatal Stenosis: An excess of obstructive fibrous tissue
at the external meatus is a rare occurrence (see p. 349) but may require
surgical correction.
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38 Young's classification of posterior urethral valves.
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39

Urethral Diverticula: Congenital urethral diverticula are extremely rare and
occasionally completely separated from the true urethra in a manner which
suggests that their development may be due to faulty genital tubercle
under-surface groove duplication as indicated in figure 39-41. More com-
monly such diverticula open into the lumen of the true urethra and many
become secondarily infected because of their small opening.

Depending upon their size and symptoms, such as ballooning of the area
during voiding, subsequent slow emptying and occasional abscess forma-
tion, they may require surgical excision.

Duplication of the Urethra and Agenesis: These abnormalities are ex-
tremely rare.

Anterior Urethral Strictures: Failure of the normal genital tubercle under-
surface groove fusion may result in congenital anterior urethral stricturing
or valves (fig. 39).

Tubercle
undergroove

Diverticulum

Duplication

Stricture




Embryology and Congenital Abnormalities 25

Urethral diverticula
39 Examples of abnormal genital tubercle under-surface groove fusion.

40 A saccular wide-necked urethral diverticulum. The orifice opens proximally (arrow) and,
as the diverticulum fills, it may obstruct the urethra.

41 A spherical narrow-necked urethral diverticulum in the distal urethra, causing haema-
turia.
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Abnormalities of
the Male External
Genitalia

Megalo-urethra: An extremely rare condition where the anterior urethra
expands widely, in association with a very large penis and often other
tissue-related abnormalities (fig. 42). The defect is due to a loss of forma-
tion of the corpus spongiosa and a poor development of the corpora caver-
nosa.

Testes. Undescended testis: The testis is arrested in the line of normal des-
cent or descends to an ectopic position in 0.2% of males. An undes-
cended testis is often associated with an indirect inguinal hernia and/or a
hydrocele (see below). Such testes must be distinguished from a retractile
testis which can always be manipulated into the bottom of the scrotum.

As indicated in figure 43 a testis arrested in the line of descent may be in-
tra-abdominal, inguinal or high scrotal whilst an ectopic testis, by defini-
tion, has emerged from the inguinal canal to be situated in the superficial
inguinal pouch, perineum, thigh or penile base. The clinical distinction be-
tween testes arrested in the line of descent or ectopically placed has no
practical significance other than the fact that testes arrested high in the line
of descent are usually grossly hypoplastic, whilst testes which have
emerged through the external inguinal ring are often minimally hypoplastic
or normal. Failure surgically, spontaneously or hormonally to bring the
testes to the bottom of the scrotum by the age of 6 years will result in ac-
quired, progressive, testicular atrophy.

Undescended testes are subject to a higher than normal incidence of infer-
tility, trauma, possibly torsion and malignancy and therefore require either
surgical or, rarely, hormonal repositioning in the scrotum or removal.
Retractile testes do not usually require treatment.

Surgically fixing undescended testes in the scrotum does not imply normal
fertility as the testis may be hypoplastic and/or may have suffered
ischaemic damage during the operation (Retief, 1978).

Hypoplasia: Although hypoplastic testes have diminished hormonal and
fertility function they are best left /n situ, particularly in view of the modern
doubt as to the incidence of possible future malignancy.

Agenesis: This is an extremely rare condition and many cases diagnosed
as such have either a small nodule of testicular tissue at the distal end of
the vas deferens or an intra-abdominal testis.

Inversion: Instead of a posterior attachment to the scrotal wall the testis
and epididymis may be attached to the anterior or lateral wall. Torsion of
the spermatic cord may occur when there is a lack of normal fixation of the
testis to the posterior scrotal wall.

Polyorchidism: This is extremely rare.
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42 A diffuse megalo-urethra, due to gross deficiency in the corpora.

43 A classification of undescended testes.
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Abnormalities of
the Female External
Genitalia

Other Conditions Commonly Associated with Testicular Abnor-
malities. /ndirect inguinal hernia: If the processus vaginalis fails to obliter-
ate then abdominal contents may pass into the scrotum. Congenital, en-
cysted, funicular and infantile types of indirect inguinal hernia may occur,
depending upon whether the hernia descends to the base of the scrotum
and whether or not an additional process of perineum covers the anterior
surface of the original processus vaginalis (fig. 44).

Hydrocele: An excessive amount of fluid in the tunica vaginalis is termed a
hydrocele and idiopathic, encysted, congenital and infantile types may oc-
cur, depending upon a continuing peritoneal cavity communication and the
type of processus vaginalis obliteration occurring (fig. 45).

Epididymis: As described earlier congenital cysts derived from vestigial
structures may form in relationship to the epididymis and testis. They are
common but rarely reach a size sufficient to concern the patient and
therefore only require surgical excision should they become torted.

Agenesis of the vagina is extremely rare but labial adhesions are common
(see p. 350) and are occasionally confused with agenesis.

An imperforate hymen is also extremely rare and is treated by surgical exci-
sion.

44 A classification of indirect inguinal hernias.

45 A classification of hydroceles.
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Renal Cysts

Not all renal cysts are congenital in origin but they are included in this sec-
tion for the purpose of classification and differential diagnosis and are
further discussed in their appropriate chapters.

Dysplasia: See figure 15 and p. 363.

Congenital Bilateral Polycystic Kidneys: This uncommon condition pre-
sents either between 30 and 50 years of age or, far less commonly, at birth,
where it may result in a stillborn uraemic child. The congenital polycystic
disease developing in middle-age is due to a Mendelian dominant gene
transmission but the aetiology of the condition occurring at birth is
unknown. The kidneys are large, containing numerous similar-sized cysts,
with varying amounts of normal functioning renal tissue sandwiched be-
tween them (figs. 46-47). There is an inevitable progression in the size of

Polycystic kidneys
46 Schematic illustration

47 One of 2 non-functioning polycystic kidneys being removed prior to renal
homotransplant surgery.

47
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the cysts, leading to a further reduction in the amount of functioning renal
tissue and eventually uraemia, but it is often not possible in the cases which
develop later in life to give an accurate prognosis and many patients live,
without support therapy, for 10 to 15 years after the initial diagnosis.
Dialysis or renal homotransplantation however usually become necessary
(see chapter XVI).

Unilateral Multicystic Congenita: This is a large unilateral multicystic
kidney without functioning renal tissue. In view of its size and the develop-
ment of complications, such as haemorrhage and infection, such kidneys
are removed surgically on diagnosis (fig. 48).

Congenital Medullary Sponge Kidney: This congenital cystic dilatation
of the collecting tubules, within the renal medulla, is uncommon. Because
of urinary stasis and resultant infection, calculi may develop within the
cysts. The condition rarely requires treatment unless calculi (see chapter 1X)
form. A localised meduallary sponge area can occasionally be excised with
a partial nephrectomy operation if recurrent pain and calculus formation
justify the procedure (fig. 49).

Congenital and Acquired Hydrocalycosis: Smooth congenital dilatations
of the calyx are not uncommon. Acquired hydrocalycosis may result from
fibrous inflammation (see p. 133) or neoplasia in the region of the calyceal
neck and, very rarely, from an arterial aneurysm (figs. 50-51). Calculi may
develop within the hydrocalycosis and may cause sufficient pain to justify
surgical excision, together with an associated hydrocalycosis caver-
nostomy. Hydrocalycosis must be distinguished from (usually small) con-
genital or acquired protrusions of the calyx into the renal parenchyma,
termed calyceal diverticula (p. 109).
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48 Unilateral multicystic congenita.
49 Localised medullary sponge kidney.

Congenital hydrocalycosis
50 Schematic illustration

51 Urinary stasis is common in congenital hydrocalycosis and may result in the formation
of calculi, which are usually easily removed through the thin overlying renal cortex. The
cavity is then marsupialised.

49
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Solitary Cyst: This is a not uncommon large single cyst (figs. 52-54); dif-
ferential diagnosis from other renal space occupying lesions is discussed in
chapter lll p. 94. Cyst needle aspiration is performed for both diagnostic
and, often, therapeutic reasons. In very large cysts, or where there is some
doubt concerning neoplasia, after selective renal angiography and com-
puterised tomography, the kidney is surgically explored, the cyst unroofed
and its cavity carefully visualised to exclude the presence of an intracystic
carcinoma before its protruding walls are excised.
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Renal cysts
52 Solitary renal cyst.

53 A smooth left renal space occupying lesion, consistent with a solitary renal cyst.

54 Solitary renal cyst at operation.

33
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55 Multicystic kidney.

56 Bilateral multicystic kidneys. Note the smooth appearance of the space occupying
lesions.

Peri-renal cyst
57 Schematic illustration.

58 A left-sided peri-renal (para-pelvic) cyst resulting from renal trauma and a subsequent
encysted urinary extravasation. The renal obstructing mass was surgically drained.
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The Kidney

Anatomy

Chapter ll

Anatomy, Physiology and
Related Pathology

A knowledge of basic genitourinary anatomy and physiology is essential in
order to localise and appreciate the pathological changes occurring within
the system.

The kidneys are paired, solid organs, which lie in the retroperitoneal upper
part of the posterior abdominal wall. They are well protected by the rib-
cage, vertebrae and related muscles and possess a high degree of mobility,
an envelope of shock absorbing peri-renal fat and strong Gerota's fascia.

A pathological kidney, because of its abnormal and less solid architecture,
is more easily damaged (p. 286). The kidney’'s medial surface contains a slit,
the renal hilum, through which the renal arteries, veins and pelvis enter or
leave the kidney. Enlargement of the renal pelvis, due to pelvi-ureteric or
more distal obstruction (chap. Xll) may obstruct the vessels within the
hilum leading, together with increased renal tubule back pressure damage,
and occasionally associated infection, to varying degrees of parenchymal
ischaemia and atrophy.

The renal pelvis is termed extra-renal if it extends beyond the confines of
the kidney or intra-renal if it is within these confines. The effects of urinary
tract obstruction on the less distensible intra-renal pelvis are more rapidly
damaging to the renal parenchyma than those occurring where there is an
extra-renal pelvis.

The kidney is divided into a functioning cortex and medulla and a conduct-
ing calyceal-pelvi-ureteric system. As indicated in figure 59 the functioning
and conducting systems join at the renal papillae. Urinary tract obstruction,



Anatomy, Physiology and Related Pathology 37

59 Renal anatomy. Macroscopic and microscopic renal anatomy. Note the foot pro-
cesses on Bowman's cells.
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Renal Vessels,
Lymphatics and
Nerves

arterial disease, diabetes mellitus, excessive analgesic intake in susceptible
people, tuberculosis, and other infections, can destroy the renal papillae
(figs. 60-61 and see also p. 360). This intermittent anatomical attachment
provides an important surgical entrance plane into the hilum of the kidney
(fig. 59), which is of considerable help when removing large staghorn calculi
or performing other intra-renal operations.

The left renal vein receives tributaries from the testis, ovary and the left
adrenal gland, but the right renal vein receives no tributaries (fig. 62).
Obstruction to the left renal vein, which may occur from a neoplastic or
other vein thrombus (p. 372) may result in engorgement of the left testicular
vein and a resultant varicocele which may be the first indication of such a
neoplasm. Most varicoceles, however, result from incompetence of the
vein valves and are not due to a renal vein thrombosis. Varicoceles are rare
on the right side. Within the kidney the veins drain the nephrons and enlarge
to form an arcade system (fig. 59) before running with the major renal ar-
terial branches to form the renal vein.

Renal Veins: As illustrated in figure 62 the renal veins lie anterior to the
renal arteries whilst both are anterior to the renal pelvis and upper ureter,
with the exception that the posterior branch of the renal artery, and its ac-
companying vein, cross posteriorly to the renal pelvis and ureter to enter
the hilum. This posterior branch, or a separate ‘aberrant’ vessel from the
aorta, may cross close to the pelvi-ureteric junction and may contribute to
pelvi-ureteric hydronephrosis (p. 274). Multiple ‘abnormal’ or ‘aberrant’
branching of the renal vessels is common (fig. 63) and rarely of pathological

Renal papillary necrosis
60 Resulting from grade I, bilateral vesico-ureteric reflux.

61 Resulting from analgesic abuse nephropathy.
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62 The renal and adrenal blood supply and lymphatic drainage.

63 Renal vessel abnormality. An aberrant right renal artery crossing the pelvi-ureteric
junction of the right kidney but not resulting in pelvi-ureteric hydronephrosis.
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Macroscopic Renal
Relationships and
Their Surgical
Significance

significance, although an accurate knowledge of such branching is essential
for many renal operations, particularly renal homotransplantation, where a
multiplicity of branching may be a contraindication to the procedure
because of the resultant technical anastomotic difficulties (p. 366).

Renal Arteries: The main renal artery usually divides into major apical, up-
per, middle, lower and posterior branches (fig. 62) which supply these areas
of the kidney. Although there is a fine anastomosis with small renal capsu-
lar vessels, which may increase under pathological conditions, these major
branches are normally end-arteries and surgical ligation or severe trauma
will result in death of the wedge shaped renal segment supplied. Advantage
is taken of this arrangement during the performance of a partial nephrec-
tomy operation, where the involved segment vessel is ligated early in the
procedure, thereby demarcating the area to be removed and reducing the
degree of operative bleeding. The renal arteries continue to divide into
smaller branches until they supply the cortical glomeruli with an afferent ar-
teriole (fig. 59). Despite the view expressed in some text books, the arteries
do not form arcades.

Renal Lymphatics: The lymphatic circulation is divided into a sub-capsular
plexus and a second system which accompanies the renal blood vessels
(fig. 62). Both groups unite at the renal hilum and drain into the lateral aortic
and inferior vena cava nodes. These nodes are removed when a radical
nephrectomy for neoplasm is performed, both in order to determine
whether or not metastases are present and to remove them if at all possible
(p. 169).

Renal Innervation: The kidney is supplied by the tenth, eleventh and
twelfth autonomic and sensory thoracic nerve roots which also supply the
gut. This nerve sharing often results in patients with pelvi-ureteric hy-
dronephrosis presenting with dyspepsia rather than loin symptoms and also
plays a part in the development of the partial ileus which often accom-
panies renal surgery.

Macroscopic renal relationships and their surgical significance are shown
schematically in figure 64.

Postero-lateral Relationships: The kidney is related to the diaphragm,
pleura, twelfth rib, quadratus lumborum and psoas muscle.
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64 Macroscopic renal relationships and their surgical significance.
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Anatomy and
Function of the Renal
Parenchyma, Adrenal
Gland and Calyceal-
pelvi-ureteric

System

A Nephron

Renal operations are commonly performed through an extra-peritoneal
postero-lateral or loin incision, incising the bed of the partially or completely
removed twelfth rib, with the patient in a lateral operating position.
Prolonged operations performed with the patient in this position may result
in atelectasis and/or pneumonia, due to congestion and inhibition of move-
ment of the contralateral lung during the operation and similar inhibition of
the ipsilateral lung due to postoperative pain. Regular, early, postoperation
deep breathing and coughing are mandatory exercises following renal surg-
ery. This loin approach enables both an extra-peritoneal and an extra-
pleural operation to be performed, so avoiding contamination of these
compartments with urine, blood and/or pus. Opening the pleura may result
in a pneumothorax, haemopneumothorax and/or a pyopneumothorax (fig.
64). Care must be taken to prevent damage to the subcostal nerve during
the operation as trauma may result in persistent postoperative pain. Urinary
or blood postoperative retroperitoneal extravasation may contribute to a
partial postoperative ileus. A postoperative urinary fistula may result from
distal obstruction, poor healing or a specific unrecognised infection or
neoplasm.

Antero-medial Relationships: As indicated the kidney is related anteriorly
to the peritoneum, spleen, pancreatic tail, colon, second and fourth parts of
the duodenum and jejunum whilst medially it is related to the inferior vena
cava and the aorta (fig. 64).

Extremely rarely fistulae occur between the kidney and the colon or small
bowel (fig. 65). These fistulae usually result from a primary staghorn
calculus or tuberculous renal pathology (Brown, 1966).

Anterior trans-peritoneal surgical approaches (fig. 64) are chosen:

1) To remove large neoplastic kidneys. This approach enables early ligation
of the renal artery, so reducing the size of the renal mass, followed by early
ligation of the renal vein, so preventing unnecessary metastatic cellular
spread (which will occur if the neoplasm is excessively handled prior to such
ligation).

2) To perform renal homotransplantation operations and to correct
renovascular abnormalities (see chapter XVI).

3) To provide a fresh surgical plane of approach for secondary or tertiary
renal operations.

As indicated in figure 59 the kidney consists of cortical and medullary zones
and a pelvi-calyceal collecting system, enclosed by a strong, fibrous cap-
sule. The cortex is composed of glomeruli, tubules and vessels, whilst the
medulla consists of the ascending and descending loops of Henle, the vasa
rectum vessels and the major collecting ducts which are known as the col-
umns of Bellini. Renal plasma flow, filtration fraction and filtration rate are
best estimated by gamma scintillation camera studies (p. 105).

Each nephron consists of a glomerulus, juxta-glomerular cells, proximal
convoluted tubule, loop of Henle, distal convoluted tubule and a collecting
duct. The number and quality of nephrons determines renal function. Figure
59 indicates the anatomy and function of a nephron system. The small
afferent vessel enters the glomerulus, surrounded by granular juxta-
glomerular cells, which are also connected to the distal convoluted tubules
and are thought to be the source of the hypertensive enzyme renin (p. 369).
The glomerulus is formed by division of the vessel into a ball of capillaries
adherent to the basement membrane of Bowman’s capsule. The cells of
Bowman's capsule are attached to the basement membrane by many
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65 Nephro-colic fistula. A 50-year-old woman, with a known right staghorn calculus,
presented with acute right renal pain and fever. This resolved within 24 hours and subse-

quent intravenous pyelography and retrograde pyelo-ureterogram studies (a) revealed a
nephro-colic fistula (b,c).
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separate ‘foot processes’, which fuse early in the development of
glomerulonephritis (p. 364). Both these structures contain fine pores
through which serum protein molecules above 150,000 molecular weight
normally cannot enter.

The blood in the afferent vessel has a pressure of 60mm Hg, whilst the
plasma resisting osmotic pressure is 20mm Hg, and the pressure inside
Bowman's capsule is about 10mm Hg. This results in a filtration pressure of
30mm Hg and a total glomerular filtrate of 180 litres each 24 hours. Blood
pressure alterations, glomerular disease and obstruction of the collecting
system will all influence the amount and quality of the filtrate. Glomerular
filtration is measured by estimating the excretion in the urine of a subs-
tance, of known plasma concentration, which, having passed through the
filter, is neither further excreted nor absorbed by the system. The glomeru-
lar filtration rate (GFR) is then determined as follows:

GFR = UV/P
where,
U = urine concentration

V = volume of urine per minute
P = plasma concentration.

Inulin fulfills these criteria but creatinine rather than inulin clearance is
usually used as it is far easier to measure, even though a slight amount of
creatinine is added to the filtrate by the proximal tubules.

The efferent vessel conveys blood away from the glomerulus and divides
again, either into capillaries which surround the proximal and distal con-
voluted tubules, or, in the case of the juxta-medullary glomeruli, long
branches, termed the vasa rectum, which run down to the papillae, branch
again into multiple capillaries in this area, and then return to the juxta-
glomerular efferent venule (fig. 59).

Tubules. Sodium and fluid balance: The proximal convoluted tubules ac-
tively and passively reabsorb 80% of the glomerular filtrate. The active
reabsorption of sodium produces a hypotonic urine, which then results in
passive water and urea movement from the tubules to the peritubular
capillaries.

The isotonic urine then enters the loops of Henle. The thin cells of the des-
cending limb of the loop are permeable to water but the thicker ascending
loop cells are not. These ascending cells actively remove further sodium
from the filtrate resulting in a hypotonic urine entering the distal convoluted
tubules. The removed sodium raises the osmolarity in the ascending cells
and is thereby osmotically removed by the vasa rectae vessels. Because of
this sodium osmolarity gradient, which is maximal at the papillae, water is
passively lost from the descending limbs of Henle and the collecting ducts.
The passive loss of water results in hypotonic urine entering the distal con-
voluted tubules where further active sodium and passive water absorption
may occur, resulting in isotonic urine entering the collecting ducts. Passage
of this urine down the ducts of Bellini, through the progressively increasing
hyperosmolarity areas, again results in further water loss, influenced by the
hypothalamic antidiuretic hormone, with the resultant final production of a
hypertonic and, in our community, slightly acidic urine. This mechanism of
active sodium absorption and the creation of differing areas of medullary
hyperosmolarity, with a resultant passive distribution of water, is known as
a counter-current multiplier system.
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Renal Hormone
Production

Adrenal Glands

As indicated earlier, renal papillary necrosis (fig. 60-61) will grossly interfere
with these vital kidney functions.

In addition to the tubular cells’ capacity for active and passive reabsorption
they are also able to selectively excrete hydrogen, potassium, ammonia and
uric acid. Most of this active secretion occurs in the distal tubule. The tubu-
lar cells and the lungs are the major sites for preservation of the normal
body pH. The tubular cells assist in this vital function by excreting hydrogen
and/or bicarbonate ions. The former process occurs during the reabsorp-
tion of sodium, when either hydrogen or potassium ions are excreted into
the tubular lumen, whilst the latter process occurs as the result of the ac-
tion of the enzyme carbonic anhydrase, which forms carbonic acid within
the cells which then disassociates into hydrogen and bicarbonate ions. The
hydrogen ion passively moves into the lumen of the tubule, where it com-
bines with bicarbonate to form carbonic acid, which then breaks down to
water and carbon dioxide; these then diffuse back into the cell where the
process continues whilst the bicarbonate component of the original break-
down passively passes into the peri-tubular capillaries. The end result being
the body reabsorption of one bicarbonate ion and the secretion of one hy-
drogen ion. The tubules’ inability to exchange hydrogen ions may result in
renal tubular acidosis (p. 210) and resultant renal calculus formation.

At least 2 hormones act on the distal tubules to influence sodium and water
retention. They are particularly active at times of body stress:

a) Aldosterone controls the active reabsorption of sodium and the subse-
quent passive reabsorption of water, based probably on blood pressure
changes which are detected in the afferent glomeruli juxta-glomeruli granu-
lar cells. Renin, released from these cells, converts the liver produced pro-
tein, angiotensinogen, into angiotensin which, in addition to its vaso-
constrictor action, also stimulates the adrenal gland to release aldosterone
(p. 372).

b) Antidiuretic hormone is released by the hypothalamus in response to
osmotic blood pressure changes. Antidiuretic hormone acts on the distal

tubule and collecting ducts enabling passive water reabsorption to occur in
these areas.

The kidney produces 3 essential hormones:

1) Renin

2) Erythropoietin: This is essential for red cell production (p. 365)

3) Prostaglandins: These are produced by the renal medulla and are
known to influence metabolism, smooth muscle and nerve activity.

The adrenal glands are attached to the upper poles of both kidneys but are
usually separated by compartments of Gerota's fascia. The left adrenal is
often related to the renal pedicle whilst the right is usually situated at a
higher level. Both glands are supplied with branches from the inferior
phrenic, aorta and renal arteries but the right adrenal vein drains into the in-
ferior vena cava and the left into the left renal vein (fig. 62).
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Calyceal-pelvi-
ureteric Collecting
System

The Ureter

The adrenals consist of an outer cortex and an inner medulla. The adrenal
cortex produces more than 30 steroid hormones which influence such vital
body functions as carbohydrate metabolism, electrolyte and fluid balance
and sexual characteristics. Excessive hormone production in children is
characterised by premature sexual development in the male and virilisation
in the female. In the adult, Cushing’s syndrome results from an excess of
cortical hormone production producing hyperglycaemia and glycosuria,
obesity and male sex characteristics.

Addison’s disease results from infective, traumatic or neoplastic replace-
ment of the adrenal cortex and is characterised by a hypersensitivity to in-
sulin, weakness, hypotension and excessive pigmentation of the exposed
skin. Under conditions of body stress an acute adrenal crisis may occur in
patients suffering from Addison’s disease, requiring urgent and expert in-
travenous cortisone replacement therapy. Aldosterone is produced by the
adrenal cortex and Conn’s tumour (p. 372) results in an excessive produc-
tion of the hormone, with resultant hypertension and muscle weakness due
to the loss of potassium at the expense of sodium retention.

Adrenal cortical hyperplasia is treated by giving cortisone, which reduces
the pituitary stimulus to further hormone production, and Addison’s
disease is also treated with replacement cortisone therapy. Primary adrenal
neoplasms are treated by surgical excision (p. 374).

The adrenal medulla produces adrenaline and noradrenaline. A phaeochro-
mocytoma produces excessive amounts of these hormones resulting in
hypertension (p. 374).

The adrenal gland should always be carefully identified and left /n situ dur-
ing a nephrectomy operation as it may be the only functioning adrenal
tissue in the body.

The calyces and pelvis are lined with transitional epithelium and surrounded
by smooth muscle. Urine passes from the renal papillae to the ureter by a
combination of gravity and filtration pressure assisted by varying degrees
of active peristalsis of the muscle.

The ureter is a thick walled, three layered, muscular tube, lined with transi-
tional epithelium, with an internal adult diameter of only 6mm (fig. 66). The
ureteric muscle consists of long interlacing bundles, called nexuses, and
their contraction results in the easily observed peristaltic movements which
carry urine from the kidney to the bladder. The ureter is enclosed in a thin
sheath of loose connective tissue which greatly aids such movements.
Sympathetic and parasympathetic nerve fibres from the aortic and hy-
pogastric plexus freely supply the ureter but their role, apart from transmit-
ting pain sensation (p. 210), is unknown as the denervated ureter continues
to function normally.

Dilatation of the ureter may occur when there is either extra-ureteric (pelvic
or retroperitoneal neoplasia, large benign masses, deep x-ray therapy
oedema or fibrosis, inflammation or benign retroperitoneal fibrosis) or intra-
ureteric mechanical (calculi or neoplasm) or functional (mega-ureter)
obstruction (chap. XII).
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66 The ureter. The ureteric 3-layered wall, blood supply, lymphatic drainage and normal
sites of narrowing. Note the method of minimal-stricture oblique end-to-end interrupted

suture repair of the ureter and the importance of preservation of the longitudinal adventitial
vessel anastomoses during mobilisation and suturing.

A dilated ureter is not necessarily an obstructed ureter.
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Ureteric Vessels,
Lymphatics and
Nerve Supply

Dilatation of the ureter and kidney does not necessarily mean signficant
obstruction, which is defined as an abnormally delayed emptying of the
system together with progressive renal damage (see chapters X and Xl).

Non-significant ureteric narrowing, with associated pre- and post-narrow-
ing dilatation, often occurs at the pelvi-ureteric and vesico-ureteric junc-
tions and where the ureter crosses the common iliac vessels, or is crossed
by the gonadal vessels (figs. 67-68). Dilatation also occurs during pregnan-
cy due to both the mass of the uterus and possible hormonal associated
smooth muscle action.

Arterial branches from the renal, gonadal, internal and common iliacs, and
the superior and inferior vesical arteries supply the ureter and freely
anastomose to form longitudinal vessels which run the length of the ureter
in the outer adventitial layer (fig. 66). This arrangement means that division
of the separate branches will not devitalise the ureter provided that the
surgical dissection remains outside the longitudinal anastomosis. This ena-
bles extensive mobilisation of the ureter to be performed during ureteric
anastomotic and other operations (see chapter VIll). The ureteric veins cor-
respond to these arteries.

The lymphatic drainage of the ureter is to the nearest medial node group.
The upper ureter drains to the renal glands whilst the middle ureter drains to
the lateral aortic glands and the lower ureter drains to the internal iliac
glands. The ureteric nerves arise from the renal, inferior mesenteric, gonadal
and pelvic plexus and follow the course of the blood vessels to the ureteric
adventitia which contains many small ganglia from which afferent fibres run
to the ureteric muscle. Numerous sensory fibres are found in the muscle
layer.
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Ureteric narrowing
67 lllustrates the 3 most common sites of normal ureteric narrowing.

68 Post-micturition film reveals that the right pelvi-ureteric narrowing (fig. 67) is abnormal.
A right pyeloplasty operation was performed.
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Ureteric Relationships
and their Surgical
Implications

Anterior Relationships: The main renal vein and artery cross anteriorly to
the renal pelvis with the posterior branch of the renal artery crossing
posteriorly as previously indicated. The testicular or ovarian vessels cross
the mid-portion (fig. 66) and may, rarely, cause significant obstruction, re-
quiring surgical correction; in the pelvis the superior vesical vessels prox-
imally and the vas deferens distally also cross anteriorly (fig. 69). The vas
deferens is a useful surgical guide to dissection of the lower ureter. The
peritoneum must be kept intact and retracted during most surgical ap-
proaches to the ureter (fig. 70).

Posterior Relationships: The ureter crosses the psoas muscle and the
bifurcation of the common iliac vessels before running through the pelvic
connective tissue to the bladder. Intravenous pyelography indicates that
this course is shown to cross the tips of the anterior lateral transverse pro-
cesses and the sacro-iliac joint before running to the bladder in a slightly
medial concave line, drawn from the inferior sacro-iliac joint to the superior
pubic symphysis, with the vesico-ureteric junction situated at a point join-
ing the middle and distal thirds of this line. Ureteric calculi should be situ-
ated along this course in plain x-rays or should be shown to be in the lumen
of the ureter in an intravenous pyelogram or retrograde study (p. 114).
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69 The male ureteric pelvic relationships. Note both the pudendal nerve leaving the
pelvis to enter the ischio-rectal fossa and the intra-pelvic parasympathetic and sym-
pathetic nerves (see fig. 73).

70 Ureteric surgery. Upper and lower extra-peritoneal surgical approaches to the ureter.
Note the retraction of the peritoneum in both situations and the lateral mobilisation of the
bladder in the lower approach.
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Ureteric Function

The Uretero-vesical
Junction

Medial Relationships: In both sexes the right ureter is related respectively
to the inferior vena cava, the duodenum, colon, appendix, rectum, and
bladder (figs 64 and 70) whilst the left ureter is related to the aorta,
duodeno-jejunal junction, colon, rectum and bladder. These close relation-
ships may result in damage to the ureter during abdominal or pelvic surg-
ery.

In females the pelvic ureter is closely related to the lateral border of the ov-
ary, the cervix and upper vagina and is crossed by the uterine artery (fig.
71). Ureteric trauma may occur during hysterectomy or vaginal prolapse
repair operations where, in the latter, it may descend with the cervix and
upper vagina and assume a position well below its normal site.

The ureter acts as a unidirectional conducting tube and does not require a
nerve supply to achieve this function. Peristaltic contraction of the ureter
often means that only portions of it are seen during a single intravenous
pyelogram or retrograde ureterogram x-ray study and several films may be
necessary.

The ureter enters the bladder through a long sub-mucosal tunnel to be
firmly attached to the lateral trigone (fig. 72). The length of this sub-
mucosal tunnel and the shape of the associated ureteric orifice determines
whether or not vesico-ureteric reflux will occur (p. 10, 134, 334). The normal
sub-mucosal tunnel measures 2mm at birth, 10mm at 5 years and 20mm at
the age of 20.
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71 Female ureter. The relationship of the female ureter to the vaginal fornices and the
uterine artery.

Uretero-vesical reflux surgery
72a A congenitally short grossly refluxing ureter.

72b,c Surgical correction by the distal creation of a minimum 2.5cm submucosal bladder
tunnel.
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Bladder and
Posterior Urethra

Structure

Bladder and prostatic pathology cause the most commonly encountered
genitourinary problems. The bladder is the urinary reservoir and, in children,
it is situated principally in the abdomen with its upper two thirds covered
with peritoneum, whilst in adults it descends with the growth of the pelvis
to become a pelvic organ with only the superior surface covered with
peritoneum. In order to prevent contamination of the intra-peritoneal cavity
with urine, blood and/or pus most open conservative bladder and all pros-
tate gland operations are carried out extra-peritoneally. The bladder wall
contains an inner layer of thickened transitional mucosa and a vascular sub-
mucosal layer, except over the trigone, where both the transitional layer
and the sub-mucosal space is much thinner. The thickened mucosal layer
and the loose sub-mucosal layer in the remainder of the bladder enable it to
distend to its full adult capacity of 400 to 450ml. The middle wall of the
bladder consists of thick smooth muscle fibres arranged in long intertwin-
ing helical groups whose circular arrangement predominates at the bladder
neck (Tanagho and Smith, 1966, Yalla et al. 1977a), producing the
autonomic internal sphincter (fig. 73). Further smooth bladder muscle fibres
continue beyond the internal sphincter to attach both to the prostatic
urethra and to the external sphincter, which is formed by the medial portion
of the peri-urethral levator ani muscle (Hutch, 1972). The external sphincter
is under voluntary control through the pudendal nerve (fig. 73) and actively
contracts during abdominal straining to resist increased abdominal
pressure.

In view of its mechanical, and possibly functional, obstructive elements the
internal sphincter is always incised or damaged during a prostatectomy
operation, but every care is taken to ensure that the external sphincter re-
mains intact so that continence will be preserved. Deliberate division of the
external sphincter to relieve neurogenic urinary retention (Yalla et al., 1977b)
is occasionally necessary (see chapter XI).
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73 Bladder muscles and nerves. Bladder and posterior urethral continuous smooth and
striated muscle arrangements and their nerve supply (see fig. 69).
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Nerve Supply

Neurotransmitter
Substances

The female bladder outlet (fig. 74) musculature is weaker than the male and
this factor, together with the shorter urethra and the occasional widening
of the angle between the outlet and the urethra due to anterior vaginal
prolapse, accounts for the high incidence of female stress incontinence of
urine (p. 77, 358).

The bladder is supplied by sympathetic and parasympathetic nerve fibres.
The efferent sympathetic fibres originate from the eleventh and twelfth
thoracic and the first and second lumbar cord segments and run (figs. 69
and 73) in the superior hypogastric plexus and the pre-sacral nerve, cross-
ing the bifurcation of the aorta, to innervate smooth muscle at the bladder
neck and external sphincter region (Awad and Downie, 1976). Stimulation
causes closure of the bladder outlet and occurs during ejaculation. Ex-
cessive efferent sympathetic activity may produce the rare condition of
sympathetic dyssynergia resulting in lower urinary tract outlet obstruction
(Krahe and Olsson, 1973). The afferent sympathetic nerve fibres arise from
the fundus of the bladder and are believed to convey pain fibres.

The parasympathetic nerve supply is of far greater significance. The
parasympathetic efferent detrusor fibres arise from the second, third and
fourth sacral segments, at the level of the twelfth thoracic vertebra. This
site is commonly traumatised during severe paraplegic back injuries, result-
ing in urinary retention. Parasympathetic afferent distension stimuli fibres
also run to this centre.

The levator ani external sphincter muscle is under voluntary pudendal fibre
control from the same sacral area and stimulation of this nerve will inhibit
micturition, by contracting the sphincter, whilst division of the nerve results
in an inability to contract this muscle and a consequent lowering of urethral
resistance. This traditional surgical attempt at relieving neurogenic bladder
urinary retention has now been replaced by the operation of external
sphincterotomy (p. 266).

These nerve pathways are influenced and, normally, controlled by higher
nerve centres (fig. 73).

Sympathetic post-ganglionic nerve fibres release noradrenaline whilst
parasympathetic pre- and post-ganglion nerve fibres release acetylcholine.
Ephedrine administration liberates noradrenaline from its storage sites and
may be used to increase the resistance at the bladder outlet (p. 357).

Adrenergic blocking agents, such as phenoxybenzamine can occasionally
be used to relieve lower urinary tract obstruction of urine in those rare
patients suffering from the ‘sympathetic dyssynergia’ syndrome.

Anticholinergic drugs, such as propantheline, inhibit detrusor contraction
and are used to combat detrusor over-action. Cholinergic drugs, such as
bethanecol, increase bladder tone and are used to increase the detrusor
muscle efficiency in some patients with detrusor inactivity.

These aspects of the bladder and posterior urethral nerve supply are dis-
cussed further in the chapters IV, Xl| and XV.
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Normal Micturition

During normal micturition parasympathetic-induced contraction of the
smooth bladder muscle, in the absence of excessive sympathetic activity
and higher centre inhibition, results in a raised intra-vesical pressure and
simultaneous opening of the bladder neck, due to shortening of the fibres
attached to the posterior urethra (fig. 73). Synchronous voluntary relaxation
of the external sphincter permits urine to leave the bladder and enter the
urethra. The bladder normally empties completely and the inability to
achieve this, or to void at will, indicates a mechanical, neurological or func-
tional bladder, bladder outlet and/or urethral abnormality.

74 The female bladder outlet and urethra. Note that the posterior pubo-urethral liga-
ments attach to both the pubis and the superior levator ani fascia.
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Macroscopic
Relationships

Superior Relationships: The bladder is covered with peritoneum, the
uterus and small bowel in the female and the pelvic colon and small intes-
tine in the male (figs. 75-76). The median umbilicai ligament, or urachus,
joins the superior aspect of the bladder to the umbilicus. These relation-
ships are illustrated by the rare development of a vesicocolic fistula follow-
ing malignancy or longstanding chronic inflammatory large bowel
pathology.

External traumatic intra-peritoneal bladder rupture occurs in the fundal area
while extra-peritoneal bladder rupture, which is almost always associated
with a pelvic bone fracture, occurs low down on the anterior bladder wall
(see chapter XIIl).

Anterior Relationships: The bladder is related to the pubic symphysis,
abdominal rectus muscles and the conjoint tendon. This relationship can
result in bladder damage during inguinal herniorrhaphy operations in the un-
common event of a bladder diverticulum entering the hernial opening (fig.
83).

Posterior Relationships: The bladder is related to the lower uterus, cervix
and vagina in the female and to the vas deferens, seminal vesicles and the
fascia of Denonwvilliers and rectum in the male. A vesico-vaginal or a vesico-
cervical fistula can result from surgical, neoplastic, obstetric or radiotherapy
damage in this area (p. 310).
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75 Female bladder relationships.

76 Male bladder relationships. The prostate gland, urethra, urogenital diaphragm and
the fascial layers of the lower abdomen, penis, scrotum and perineum.
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The Prostate Gland
and the Urogenital
Diaphragm

Blood Vessels,
Lymphatics and
Nerves

Infero-lateral Relationships: The infero-lateral surfaces of the bladder are
related to the vesico-prostatic venous plexus, levator ani muscles, the in-
ternal obturator vessels and the pelvic girdle.

inferior Relationships: In the male the prostate gland encircles the urethra
below the bladder.

The prostate gland contains the prostatic urethra and has the shape of an
inverted cone, surrounding the urethra from the bladder outlet to the
urogenital diaphragm. The superior surface of the gland is intimately
associated with the bladder outlet and internal sphincter, whilst inferiorly
the prostate is related to the urogenital diaphragm which, as indicated in
figure 76, is formed by strong layers of pelvic and perineal fascia enveloping
the thick levator ani muscle. The diaphragm is weaker in the female as there
is less muscle, thinner fascia and it is pierced by the urethra, vagina and
rectum (fig. 75).

The prostate is surrounded by fatty pelvic connective tissue, containing the
vesico-prostatic venous plexus, and is firmly attached to the pubic
symphysis by the pubo-prostatic ligaments, which must be torn before a
prostato-membranous traumatic urethral separation can occur. Open
retropubic prostatectomy (p. 248) necessitates incising the anterior capsule
of the prostate, after careful dissection and mobilisation of the related
vesico- prostatic venous plexus. Posteriorly the prostate is related to the
seminal vesicles, vas deferens, fascia of Denonvilliers and the rectum. The
fascia of Denonvilliers results from fusion of the original peritoneal pouch in
this area and forms a firm fascial plane which usually resists prostatic neo-
plastic invasion until a late stage.

The ejaculatory ducts enter the postero-lateral surface of the prostate
gland and emerge on the lateral sides of the verumontanum, which con-
tains the small vestigial mesonephric duct remnant, the prostatic utricle,
situated between the ejaculatory duct openings. The prostate gland duct
openings emerge on the groove between the verumontanum and the
posterior urethral mucosa (fig. 77).

Prostatic Arteries: The arteries arise from the inferior vesical, middle
haemorroidal and external pudendal. The major vessels enter the gland in-
fero-laterally, just below the bladder neck, and must be ligated or diather-
mied at an early stage during a prostatectomy operation.

Prostatic Veins: The veins drain to the peri-prostatic venous plexus into
which the dorsal vein of the penis also enters. The peri-prostatic plexus
drains to the internal iliac veins, but also communicates with the pre-sacral
venous plexus, and this accounts for the common findings of prostatic
neoplasm metastases in the pelvic bones and the lumbar vertebrae.

Lymphatic and Nerve Supply: The lymphatic drainage and nerve supply
of the prostate gland is similar to the inferior aspect of the bladder.
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77 The urethra and prostate gland. A prostatectomy operation damages the internal
sphincter, leading to retrograde ejaculation, provided that the ejaculatory ducts do not
stenose. The external sphincter is responsible for postoperative continence of urine.
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Prostatic Histology,
Function and Major
Pathology

The Urethra

The Male Urethra

The Female Urethra

The prostate consists of numerous glands enclosed in a fibro-muscular
stroma and surrounded by a fibrous capsule. Benign adenomatous
prostatomegaly develops from the superficial and middle gland groups,
creating the surgical plane of open prostatic enucleation indicated in figure
78b. Neoplastic changes develop in the peripheral glands and can be
detected at an early stage by a rectal examination. The majority of the
smooth muscle stroma fibres originate from the previously discussed blad-
der muscle fibres which insert into the posterior urethra.

The prostate glands are individually surrounded by smooth muscle which
contracts during ejaculation, liberating about 0.5ml of prostatic fluid, the
precise function of which is unknown, although it at least offers a fluid
medium for the sperm.

The urethral urinary and semen conduit is divided into prostatic,
membranous, bulbous and penile portions, with the prostatic and bulbous
portions having the widest diameter and either the external urinary meatus,
or an area just inside the meatus, having the smallest (fig. 77). The bulbous
and penile urethra is surrounded by the extremely vascular erectile tissue of
the corpus spongiosum.

Provided that the prostate gland is not enlarged the prostatic urethra is the
widest part of the tube. The posterior mid-line of the prostatic urethra con-
tains a raised area, termed the verumontanum, which contains the prostatic
utricle, prostatic gland duct openings and the ejaculatory ducts (fig. 77).
The inferior aspect of the verumontanum is an important land-mark in tran-
surethral prostatic surgery, as resection beyond this area could damage the
external sphincteric mechanism and produce permanent incontinence (p.
355).

The bend of the bulbous urethra must be appreciated when passing
catheters and instruments as trauma in this region can result in death from
septicaemia or a life-long stricture (p. 240). A traumatic prostato-
membranous urethral separation occurs at the junction of the prostatic and
membranous urethra, due to the tough nature of the male urogenital
diaphragm.

The prostatic, membranous and bulbous portions of the urethra, together
with a variable portion of the anterior urethra, are lined by transitional
epithelium, whilst the remainder of the anterior urethra is lined by modified
columnar epithelium, except for the distal 2cm where stratified squamous
epithelium is found (p. 179).

Vessels, Lymphatics and Nerves of the Male Urethra: The blood, lym-
phatic and nerve supply of the posterior and some of the anterior urethra is
similar to the prostate gland. The lymphatic drainage of the distal
squamous cell epithelium lined urethra is to the inguinal and not the intra-
pelvic nodes. This drainage influences the radical treatment of the rare an-
terior urethral malignancy.

The female urinary conduit urethra is a small tube, running from the bladder
to the anterior vaginal wall, and lined by transitional cell epithelium in the
proximal portion and by squamous cell epithelium in the distal (figs. 74-75).

Numerous mucous secreting glands are found in the mucosa. Their secre-
tion aids the flow of urine and also acts as a deterrent to bacterial invasion.
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The prostate
78a The normal prostate gland.

78b The sites of development of prostatic pathology and the surgeon’s benign adenoma
enucleation plane. Note the consequent distortion and obstruction of the prostatic urethra.
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The Fascial
Coverings of the
Lower Abdomen
and Perineum

Infected or non-infected urethro-trigonitis is very common and may result
from interference with the secretion of these glands (p. 143).

The female urethra is surrounded by spongy erectile tissue, which is
enclosed by the smooth and striated muscle derived from the bladder and
levator ani respectively, and which forms the female outlet sphincteric
mechanism. The arrangements of the muscle fibres in this area and raised
intra-abdominal pressure, tends to both widen and lower the bladder outlet
during voiding, as indicated previously. Anteriorly the female urethra is rel-
ated to the pubic symphysis and pubo-vesical ligaments whilst posteriorly
it is part of the anterior wall of the vagina and opens into it.

Krantz (1951) and Zacharin (1968) have stressed the importance of the
female posterior urethral suspensory ligaments in maintaining urinary conti-
nence. These ligaments, which correspond to the male pubo-prostatic liga-
ments, include the anterior pubo-urethral ligament, which connects the an-
terior external urethral meatus to the clitoris and the posterior pubo-
urethral ligaments, which connect the junction of the upper third and distal
two thirds of the urethra to the pubic bone, levator ani fascia and the blad-
der. Damage to the posterior ligaments, as may occur during childbirth,
may result in stress incontinence of urine, which may be cured by operative
stabilisation and strengthening of this area (p. 358).

Vessels, Lymphatics and Nerves of the Female Urethra: Both the
blood and nerve supply of the female urethra are derived from the pelvic in-
ferior vesical internal pudendal vessels but, as with the male urethra, the
lymphatic drainage of the distal portion is to the inguinal nodes.

The fascial coverings of the lower abdomen, perineum, penis, scrotum and
urethra are known as Scarpa’s, Camper’s, Colles’ and Buck's fascia (fig. 79).

Midway between the pubis and the umbilicus the fatty superficial fascia of
the abdomen forms a deep membranous layer termed Scarpa’s fascia. The
remaining, continuing, subcutaneous tissue becomes fibrous and is termed
Camper's fascia.

Beyond the superficial inguinal ring Scarpa’s fascia is termed Colles’ fascia
and continues to become the dartos muscle of the scrotum, which is
responsible for the corrugations of the scrotal skin. Neither the scrotum nor
the penis contains subcutaneous fat.

Colles’ fascia encloses the scrotum and penis and is attached laterally to
the ischial rami and pubis and, inferiorly, to the posterior border of the
perineal membrane. Two openings in Colles’ fascia permit the passage of
the penis, covered with a layer of deep fascia termed Buck's fascia, and the
spermatic cords.

Rupture of the urethra below the urogenital diaphragm (p. 298) may lead to
blood and urinary extravasation below Colles’ fascia and this extravasation
is limited to the above attachments of the fascia. Superiorly the extravasa-
tion may extend to the abdomen and chest wall, although such delayed
presentations are now extremely rare. External surgical drainage of such
extravasated collections may be necessary and incisions must always
pierce Colles’ fascia to be effective.
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79 Fascial coverings. The fascia covering the lower abdomen, penis, scrotum and
perineum. Note the firm attachment areas of the superficial and deep fascia which limit the
extravasation of blood and urine following rupture of the corpora and the anterior urethra.
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The Penis and
Prepuce

The Prepuce

The Penis

Complications of the prepuce are discussed in chapters X and XIV.

The inability to replace the prepuce, after retraction, may result in consider-
able swelling of the involved skin, due to venous occlusion, and this condi-
tion is termed paraphimosis. Circumcision is required if manual reduction is
unsuccessful.

The penis is the intromittent, copulatory, male organ and consists of 3
vascular compartments, surrounded by Buck’'s and Colles’ fascia as previ-
ously described. Buck’s fasica provides the septal vascular compartments
and also encloses the deep dorsal vein, arteries and nerves.

In 1743 Francois de la Peyronie described a fibrotic change of unknown
aetiology, occurring in Buck's fascia (fig. 80), and often infiltrating the
cavernosum. The fibrosis can be painful in the early stages and, because of
tethering, often results in lateral deviation of the penis during erection,
making sexual intercourse difficult or impossible. f-adrenoceptor blocking
drugs may cause Peyronie’s disease (Osborne, 1977). Such patients occa-

. sionally have associated Dupuytren’s contracture of the palms and soles

and, rarely, other areas of the body. Early treatment, with cortisone and hy-
aluronidase injections, directly into the fibrotic area, may be of benefit in
resolving the fibrosis (Chesney, 1963).

The 3 vascular compartments contain the twin corpora cavernosa and the
corpus spongiosum enclosing the urethra. The corpus spongiosum ex-
pands at its distal end to form the glans penis and is surrounded on its
lower aspect by the bulbo-spongiosis muscle. The corpora are each sup-
plied by different arteries as illustrated in figure 80. These arteries are
derived from the internal pudendal and divide into 3 branches for the
spongiosum and cavernosum and 2 other branches, which run with the
deep dorsal vein and nerves as illustrated. Venous drainage of the penis is
divided into a superficial dorsal vein which drains into the saphenous vein,
and a deep dorsal vein which drains into the prostatic venous plexus.

Lymphatic drainage of the body of the penis is to the external iliac group
whilst the superficial lymphatics drain to the inguinal nodes and then to the
external iliac group.

The shaft of the penis is covered with highly elastic, non-fatty skin and this
stretch characteristic enables flap urethroplasty operations to be performed
for both stricture and hypospadias operations (p. 256 and p. 346), as well as
allowing for wide local excision of the rare scrotal carcinoma (p. 188). Penile
sensation occurs through the terminal sensory branches of the internal pu-
dendal nerve.

Penile Erection: When the penis is flaccid blood is shunted from the
cavernosa and spongiosum channels by arterio-venous anastomoses (Con-
ti, 1952), which may be activated by sympathetic nerve stimulation, as indi-
cated in figure 80, whilst erection of the penis, resulting from pudendal
nerve second, third and fourth parasympathetic sacral segment fibres (Hin-
man, 1960), initiated by higher centre and other stimuli allows blood to fill
and intercommunicate with all three channels. (See also chapter XX.)

Semen Ejaculation and Emission: This requires a simultaneous contrac-
tion of the internal bladder neck sphincter and a relaxation of the external
sphincter, whilst the vas deferens, seminal vesicles, prostatic and bulbo-
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80 The penis and its blood supply.
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The Testis and
Associated
Structures

The Testis

spongiosis muscles contract synchronously, propelling the ejaculate along
the urethra. This mechanism is dependent upon an intact and normally
functioning lumbar sympathetic nervous system, normal non-obstructive
anatomy and a lack of higher nerve centre inhibition (fig. 73). Premature
ejaculation (p. 392) is a common and distressing problem, which responds
well to treatment directed at moderating this mechanism. The normal
ejaculate has a volume of 4ml, with the sperm component occupying the
first 0.5ml. The remainder of the fluid is secreted from the seminal vesicles,
with a smaller contribution from the prostate gland and Cowper's gland.
The ejaculate contains water and electrolytes, lipids, proteins, minerals,
acid and alkaline phosphatase, coagulase and fibrinolysin enzymes,
prostaglandins, bicarbonate, prostate citric acid, spermine and seminal
vesicle fructose (see chapter XVIII). The role of most of these ejaculate con-
stituents is unknown.

Priapism: In priapism, which is of unknown aetiology, there is a sustained
dilatation of the vessels of the corpora cavernosum whilst the corpus
spongiosum remains flaccid. The corpora cavernosa is painfully distended
with blood and cannot return to a flaccid condition until the blood is drained
from it. This usually requires a temporary, open, surgical anastomosis be-
tween the saphenous vein (fig. 79) and the related side of a corpora caver-
nosum (Eadie and Brock, 1970). Priapism is said to occur more commonly in
patients with blood disorders such as leukaemia and sickle cell disease and
occasionally follows prolonged sexual excitement in older patients.

Penile Shaft Fracture: This rare condition results from a direct severe
blow to the erect penis. The resultant damage to the corpora leads to rup-
ture of the delicate vascular channels, followed by fibrosis and, usually, im-
potence beyond the point of injury.

The testis is an ovoid organ situated in the scrotum and surrounded by the
visceral tunica vaginalis, except posteriorly, where it is fixed to the scrotal
wall (fig. 82). A congenital lack of such fixation and a high insertion of the
tunica vaginalis may result in testicular torsion (fig. 81).

The testis is surrounded by a small amount of fluid, sufficient to allow intra-
scrotal movement and some protection against trauma, contained within
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The testis and associated structures
81 Torsion of the spermatic cord resulting in death of the testis.

82 The testis, epidiymis, vas deferens, seminal vesicles, ejaculatory ducts and spermatic
cord. Note the mesonephric paraepididymal and testicular remnanats which may tort if pe-
dunculated (p. 80).
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the tunica vaginalis. An excessive amount of fluid in this space results in a
hydrocele (p. 28 and 81). The testis consists of tubules, extra-tubular con-
nective tissue and Leydig cells, surrounded by a fibrous tunica albuginia,
whose septa divide the testis into compartments providing added
mechanical strength. The tubules contain a basement membrane from
which both germinal and Sertoli cells grow. The germinal cells divide by
meiosis and mitosis, eventually producing many millions of spermatozoa,
but the role of the Sertoli cells is unknown. The extra-tubular Leydig cells
produce testosterone (see chapters XVIIl and XX). Testosterone secretion
is essential for both libido and potency and is controlled by the serum levels
of luteinising hormone, prolactin and gonadotrophic hormone, which are
secreted by the anterior pituitary gland, in response to low serum
testosterone levels (Wright, 1952).

All testicular lumps should be urgently explored, through a groin incision,
after a non-traumatic clamp has been placed on the spermatic cord at the
internal inguinal ring, as this enables both the diagnosis and initial treatment
of a neoplasm to be made without disseminating the growth through the
skin lymphatics (p. 186 and p. 187). The tubules of the testes join to form
10 to 20 efferent ducts (vasa efferentia) which join the epididymis.

The epididmyis is a single, convoluted, conducting tube, with a head, body
and tail and lined with pseudostratified columnar epithelium possessing
microvilli (stereocilia) whose function is unknown.

Acute Conditions. Acute epididymo-orchitis: This traditional term,
although anatomically accurate, is best considered as two distinct clinical
problems.

Acute epididymitis: This is rare before the age of 21 years. Acute
epididymitis is usually thought to result from a urinary tract infection, with
the organisms travelling to the epididymis along the vas deferens following
straining or severe physical exercise, but the infection may be blood-borne.
Post-instrumentation or postoperative epididymitis is not uncommon. The
epididymis gradually becomes inflamed, with or without a secondary
hydrocele developing, and there is usually an associated mild testicular in-
flammation.

When occurring before the age of 21 years epididymitis is impossible to
distinguish from torsion of the testis (fig. 81) and an immediate open ex-
ploration of the area is therefore necessary (Allan and Brown, 1966) to
establish the diagnosis and instigate appropriate therapy (p. 80).

Recurrent epididymitis requires further special investigations, including an
intravenous pyelogram and a cysto-urethroscopy, in order to exclude a
congenital or acquired genitourinary tract primary abnormality.

Tuberculosis (p. 146) or, rarely, inflammatory neoplasms of the testis, can
present acutely, and should be suspected if the inflammation does not res-
pond to initial treatment consisting of:

1) Adequate broad spectrum chemotherapy
2) Elevation and rest of the inflamed area.

A severe epididymitis may take several months to resolve although most
patients have adequate pain relief within the first week of treatment.
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Vas Deferens
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Gonorrhoea (chapter XIX), because of public education and adequate treat-
ment, is now a very rare cause of acute epididymitis.

Acute orchitis: This uncommon condition is caused by blood-borne viruses
including post-pubertal mumps, Coxsackie and infectious mononucleosis.
In most patients only one testis is involved but the inflammation is usually
severe and up to 50% of testes undergo subsequent atrophy (Werner,
1950).

Chronic Conditions. Chronic epididymitis: Most chronic epididymal infec-
tions in developed communities are non-tuberculous and result from per-
sistent or recurrent infections which, as indicated earlier, require further in-
vestigation. In less affluent countries tuberculosis is by far the commonest
cause.

The epididymis becomes irregularly thickened and, rarely, a scrotal sinus
forms. The tuberculous epididymis, and any related involved skin, should be
excised and the patient given a 2-year course of modern triple antituber-
culous drug therapy (p. 149).

Chronic orchitis: Sperm granuloma and granulomatous orchitis are rare
lesions which cannot be distinguished from a possible testicular neoplasm
and the diagnosis is therefore only made at exploratory operation (p. 186).
Histologically, sperm granulomas exhibit the features of a foreign body
reaction, whilst granulomatous orchitis exhibits the features of a granuloma
(Morgan, 1964).

The tail of the epididymis becomes the tubular conducting vas deferens,
which ascends the testis on its postero-medial side to join the spermatic
cord and enter the retroperitoneal tissue by passing lateral to the inferior
epigastric vessels, before descending the lateral wall of the pelvis to cross
the external iliac vessels, obturator nerve and vessels and ureter, joining the
duct of the seminal vesicle to form the ejaculatory duct, which pierces the
prostate gland to emerge on the verumontanum (figs. 69, 77, 82). The
course and relationships of the vas deferens in the pelvis are of consider-
able assistance to the surgeon dissecting in this area (e.g. as a guide to the
lower ureter when performing a low ureterolithotomy operation).

Immediately prior to its junction with the seminal vesicle the vas deferens
dilates and this region is termed the ampulla of the vas (fig. 81). The vas
deferens is also lined with stereocilia and has a thick muscular wall, except
for the ampulla, where, consistent with its reservoir role, the wall is thinner.
The operation of scrotal bilateral vasectomy is performed on those males
who desire permanent sterility.

The seminal vesicle is a sacculated, convoluted tube, lying in the recto-
vesical connective tissue and, together with the ampulla of the vas
deferens, acts as a sperm reservoir.
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The testicular artery runs from the aorta to join the spermatic cord. Multiple
veins drain the testis and ascend in the spermatic cord as the pampiniform
plexus joining, usually, as a single vein above the internal inguinal ring (fig.
81). The right testicular vein joins the inferior vena cava, whilst the left
testicular vein joins the left renal vein and as discussed previously, this ac-
counts for the occasional appearance of a left-sided varicocele in patients
with an obstructed left renal vein due to a renal neoplasm. Most varicoceles
however result from the absence or failure of venous valves and not from
left renal neoplasms (Brown et al., 1967). Varicoceles are found in 8% of
men (Clarke, 1966) and may cause poor sperm motility and morphology in-
fertility (Tulloch, 1952) by raising the temperature of the testis (p. 375).
Should ligation therapy be necessary it is best performed retroperitoneally,
through a small abdominal incision, where the one or two vessels are easily
identified (Palomo, 1949), rather than attempting a difficult ligation of the
pampiniform plexus.

The lymphatic drainage of the testis ascends in the spermatic cord to the
para-aortic lymph nodes, which are situated between the renal vessels and
the bifurcation of the aorta. Testicular neoplasms may metastasise to these
nodes (p. 185), which may require surgical excision if the neoplasm is a
teratoma.

The spermatic cord runs from the internal inguinal ring to the upper
posterior part of the testis and contains the testicular artery, pampiniform
plexus, vas deferens, sympathetic nerve fibres of the aortic plexus and the
testicular lymphatics (fig. 82). These structures are covered by 3 coats: the
external spermatic fascia, derived from the external oblique muscle; cre-
masteric muscle, derived from the internal oblique muscle, and the internal
spermatic fascia, derived from the fascia transversalis.

Cremasteric muscle contraction is responsible for intermittent testicular
retraction, which is often incorrectly diagnosed as an undescended testis
(p. 26, 349).

Indirect inguinal hernias traverse the inguinal canal, following the original
pathway of the processus vaginalis (p. 28), while direct inguinal hernias
emerge medial to the inferior epigastric vessels (fig. 83). Rarely the sper-
matic cord may be damaged during surgical repair of these hernias and this
may lead to testicular infarction or hydrocele formation. Rarely, enlarged
bladder protrusions or diverticula enter the hernial pouch and may be inad-
vertently traumatised during a repair operation.

A rare, mixed infection of the scrotal skin, occurring in all age groups and
leading to massive necrosis, is termed Fournier's gangrene (1884), although
Pott (1779) originally described it. High dose broad spectrum chemo-
therapy, adequate wound debridement and drainage is usually curative,
with or without secondary delayed skin suture and grafting, dependent
upon the amount of tissue necrosis.
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83 Hernias. An intra-abdominal view of inguinal and femoral hernias emerging above and
below the inguinal ligament respectively.
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The Patient History

General
Considerations

Haematuria

Pain

Chapter lll

Diagnosis and Investigation
of Genitourinary Disease

An adequate history and a thorough physical examination enables many
urological diagnoses to be made. This is emphasised in the section on in-
guino-scrotal swellings.

Special investigations have greatly increased the accuracy of clinical diag-
nosis although their usefulness, risks and costs should always be consi-
dered. The continuing development of sophisticated special investigations
has not replaced careful history taking and examination findings, nor the
special doctor-patient relationship, which is essential and requires a com-
bination of mature common sense, responsibility and scientific knowledge.

One special investigation, urodynamics, is discussed separately, in chapter
V.

Patients commonly present to urologists complaining of difficulty with
micturition, pain, haematuria, a swelling or a urethral discharge. There is
much to be gained by allowing the patient to describe his own problems
before asking direct questions.

The age, marital status, previous medical and surgical problems, including
venereal disease and any suspicion of tuberculosis, present and past drug
therapy, cigarette smoking habits and alcohol intake, family history, fluid in-
take, past and present occupation, and present level of physical and mental
activity are essential items of information. The link between cigarette
smoking, analine dye contact and carcinoma of the bladder is now well
established. In women the date of the last menstrual period must be known
and indicated to the radiologist before any x-ray examinations are under-
taken. Any past history of abnormal bleeding must be fully investigated
before surgical procedures are carried out.

All patients who present with macroscopic haematuria, or with microscopic
haematuria greater than 20,000 red blood cells per ml, require both
radiological outlining and direct visualisation of all of the urinary system, ir-
respective of their age or other symptoms (see chapter VI).

Renal and Ureteric Pain: Renal and ureteric pain is usually due to obstruc-
tion (see chapters IX and XII) but may be due to infection or neoplasia. The
pain may be acute or chronic. Acute renal and ureteric colic is discussed in
chapter Xll, page 210. Chronic renal pain produces a dull loin ache, usually
with anterior radiation and aggravated by jolting movements.

Bladder Pain: Acute obstructive bladder pain indicates that both the blad-
der musculature and nerves are healthy and, provided that the obstruction
can be corrected (see chapter X), will function well after surgical correction,

while chronic pain, or no pain in the presence of a large distended bladder,
usually indicates the reverse.
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Frequency/ Nocturia

Chronic obstructive bladder pain is felt supra-pubically whilst bladder outlet
inflammatory pain, due to infection, calculus or neoplasm, produces a con-
stant desire to void. An intense supra-pubic and penile desire to void, with
associated frequency of micturition and, often, terminal haematuria, is
termed strangury.

Prostate Pain: Prostatic pain may be acute but is usually chronic and due
to inflammation. It is felt in the perineum and occasionally in the rectum and
related areas.

Urethral Pain: Urethral pain may be chronic but in females, is usually
acute-on-chronic and caused by inflammation. Sterile or infected non-
obstructive urethro-trigonitis (see p. 136) is the most commonly referred
urological problem in our community. The pain may be accompanied by
scalding or burning depending upon the degree of inflammation present.

Back Pain: Lower tract genitourinary neoplasms are common and
metastases, particularly from carcinoma of the prostate, often spread to
the vertebrae and present as back pain. Paraplegia may result from a failure
to investigate such pain. Most patients presenting with back pain, as an
isolated symptom, have back strain and not genitourinary pathology.

Inguino-scrotal Pain: Torsion of the testis, or its appendages, may result
in scrotal and/or referred abdominal pain in males, usually under the age of
21 years, whilst inflammatory epididymo-orchitis commonly produces in-
tra-scrotal pain in older adults. Testicular neoplasms (p. 184) are rare but
commonly present with scrotal pain. Idiopathic scrotal oedema and the rare
scrotal fat necrosis are other causes of scrotal pain in children (see below).

Inguinal pain may be due to an obstructed or strangulated inguinal femoral
hernia or to inflammation of the related drainage lymph glands from a prim-
ary infected source.

Frequency is a common presenting symptom and, if associated with lower
genitourinary tract infection, sterile or neoplastic inflammation, occurs
together with urgency, scalding, burning, or even strangury. Frequency as a
solitary symptom is most commonly due to anxiety but may be due to local
disease which reduces the bladder capacity such as neoplasia, tuberculosis,
interstitial cystitis or irradiation, or to general diseases, such as congestive
cardiac failure, diabetes or to malfunction of the pituitary and adrenal
glands (p. 45).

With a fluid intake of 1,500ml per day most healthy younger adults void 4
to 6 times whilst awake, and rarely at night.



Diagnosis and Investigation of Urinary Disease 77

Urgency-frequency
and Strangury

Incontinence

Dysuria

As indicated previously inflammatory lesions of the bladder and/or bladder
outlet produce a hypersensitive and painful pattern of micturition.

Urinary incontinence (see also chapter XV) may result from:

a) Bladder outlet, external sphincter and or posterior pubo-urethral liga-
ment weakness caused by:
Congenital abnormality
Childbirth trauma
Post-surgical trauma
Pelvic fracture trauma
Infection

and/or,

b) Detrusor malfunction resulting from:
Infection
Neoplasm
Neurological causes
Anxiety

or,

c) Congenital or acquired anatomical abnormalities such as:
Ectopic ureter
Vesico-vaginal fistula, etc.

Incontinence may present as one of the following 3 types.

Stress Incontinence: Increasing the intra-abdominal pressure in the pre-
sence of an inefficient bladder outlet or external sphincteric mechanism
may result in incontinence of urine. The symptom is common in women,
particularly after childbirth or other damage to the pelvic floor and bladder
supports (p. 355).

Urgency Incontinence: Severe urgency-frequency of micturition may
result in incontinence, in the presence of a normal bladder outlet and
sphincteric mechanism, and is independent of any increase in the intra-ab-
dominal pressure.

Overflow Incontinence: Chronic retention of urine, in the presence of a
large, insensitive, distended bladder and a weak bladder outlet and
sphincteric mechanism, may result in continual or intermittent incontinence
due to mechanical overflow. This condition is often wrongly attributed to
senility.

Post-micturition dribbling may be due to overflow incontinence but more
commonly is not a result of organic disease but inability to empty the
bulbous urethra at the end of micturition. It is effectively treated by back-
wards === forwards finger-stripping of all the anterior urethra at the
completion of micturition.

Difficult micturition is not always due to mechanical and/or infective
causes (chaps. V, X). Hesitancy is the most important symptom in assess-
ing bladder outlet obstruction (p. 248).
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Children who are incontinent at night, but dry during the day, and who have
no detectable genitourinary abnormalities are termed enuretic (see p. 318).

See below.

See chapter XIX.

As an isolated symptom this condition is not uncommon and often causes
considerable concern. It results from the rupture of a seminal vesicle,
prostatic or posterior urethral vein. Reassurance and temporary abstinence
is all that is necessary for a spontaneous resolution.

A vesico-intestinal (usually colonic) fistula, or a recent cysto-urethroscopy,
may result in the passage of air bubbles in the urine. Large fistulae may
result in the passage of both air and faecal material.

The related nerve supply of the kidney, retro-peritoneal tissue and upper
gut may result in a pelvi-ureteric hydronephrosis or a retro-peritoneal
tumour presenting with dyspepsia and/or nausea (p. 274).

Patients with long standing chronic retention of urine may admit to little
difficulty voiding, even though their bladder is grossly distended. They may
present with weight loss, anaemia, hypertension, fluid retention and a
uraemic breath (see chapter XVI).

See chapter XX.

Obstruction of the renal lymphatics may result in the passage of white,
lymph-laden urine (p. 284).

A thorough physical examination implies in particular a general estimation
of the patient’s cardiovascular, respiratory and neurological state, together
with a specific examination of the genitourinary system, and must include
both a microscopic and chemical analysis of the urine and measurement of
the blood pressure.

Specific genitourinary examination includes smelling the breath for the
odour of uraemia and examining the tongue and eye-balls for evidence of
dehydration. Abdominal, back, scrotal and perineal inspection, palpation,
percussion and auscultation are conducted in a systematic manner. Inspec-
tion is often more revealing, particularly in children, than palpation.

Auscultation over the aorta and renal arteries may reveal a bruit indicating
renal artery stenosis, a renal arterio-venous fistula, or even a large renal ar-
tery aneurysm.
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Apart from the lower pole of the right kidney it is usually not possible to
palpate normal kidneys unless they have doubled in size.

Enlarged kidneys often retain their shape, are ballotable, and move down-
wards on respiration, unless they are fixed to the surrounding tissues by
severe inflammation or extensive neoplasia. Inflammation, obstruction,
neoplasia or trauma may produce pain on palpation and reflex abdominal
muscle guarding, with consequent palpation difficulty.

A giant mega-ureter may be palpable but is usually mistaken for bowel.

The adult bladder cannot be palpated unless it is distended. Bladder disten-
sion, as with all pelvic masses, cannot be ‘got below’ and, when the blad-
der is emptied, the mass disappears.

Acute bladder distension is easily visible and palpable but chronic bladder
distension, although percussible, is often difficult to visualise and to palpate
(p. 240).

A bimanual pelvic examination may indicate the presence of a pelvic
tumour or a bladder calculus but, unless the patient is thin and very
cooperative, such an examination usually requires a general relaxant anaes-
thetic and an empty bladder for accurate definition.

This examination is peformed with the patient in the left or right lateral
position with the hips and knees flexed and the buttocks on the edge of the
bed. The prostate is easily palpable per rectum but the seminal vesicles are
not unless they are chronically inflamed. The rectal mucosa should be
carefully palpated for hardness or irregularity suggestive of a neoplasm.

Palpation of the prostate should determine:

1) Character
a) Rubbery — Benign prostatomegaly
b) Firm — Fibrous prostatitis
c) Hard — Neoplasm. Prostatic calculi are hard but are usually move-
able, multiple; and apparent on a straight pelvic x-ray
d) Firm/hard — Possible fibrosis or tuberculosis

e) Soft — Possible abscess or, extremely rarely, anaplastic neoplasm.
2) Size

Should the patient require a prostatectomy it is essential that an approxi-
mate estimate of the size of the gland be made (p. 240). Benign enlarge-
ments less than 60 grams in size, and all neoplastic enlargements, are best
removed by endoscopic prostatectomy whilst greater benign enlargements
are best removed by open prostatectomy. A distended bladder pushes the
prostate inferiorly and may give a false impression of its size.
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Inguino-scrotal Area

All inguino-scrotal examinations should be conducted with the patient
standing and lying.

Systematic inspection, palpation, percussion, auscultation, transillumina-
tion and aspiration, if indicated, of swellings in this area are performed in
order to answer the following diagnostic questions:

Can you get above the swelling?

If the answer is No or indefinite and the swelling is inguinal or inguino-
scrotal then it may be:

a) Indirect inguinal hernia (p. 73). Such hernia protrude lateral to the inferior
epigastric vessels and may enter the scrotum.

b) Direct inguinal hernia (p. 73). Such hernia protrude medial to the inferior
epigastric vessels but rarely enter the scrotum.

c) Pantaloon hernia. Such hernia have combined indirect and direct protru-
sions. It is not always possible, particularly with large people and a large
hernia, to distinguish clinically between the 3 types but, as they all require
surgical correction, the precise diagnosis, and the appropriate surgical
reconstruction of the abdominal wall, will be made at the time of operation.

d) Femoral hernia (p. 73). Such hernia protrude inferiorly to the inguinal
ligament, through the saphenous opening and are usually covered with fat
which, particularly in large females, may again make the clinical diagnosis
difficult.

e} Inguinal adenitis. Inflamed lymph glands in this area are rarely difficult to
diagnose although, in large people, a strangulated hernia must be excluded.
Inguinal adenitis resolves after treatment of the primary focus of infection.

f) Undescended testicle (p. 349). An undescended testis may be visible
and/or palpable and the scrotum on that side will be empty. The manage-
ment is discussed in chapter XIV.

g) Lipoma. Lipoma often occur in this area and, if large, require excision.

h) Saphena varix. A large venous dilatation, at the junction of the femoral
and long saphenous vein, is termed a saphena varix. When the patient
coughs there is a palpable pulse and, on lying down, the dilatation disap-
pears.

i) Femoral artery aneurysm. This condition is rare and the swelling is usually
pulsatile and in the line of the femoral artery.

j) Psoas abscess. Although an extremely rare condition a tuberculous
psoas abscess may present below the inguinal ligament.

If the answer to the question Can you get above the swelling? is Yes then
the swelling is in the scrotum. Transillumination should indicate whether the
swelling is solid or cystic and usually differentiates between a testicular and
epididymal origin.

Is the scrotal swelling painful and of recent onset?

If the answer is Yes then the swelling may be:

a) Testicular neoplasm (p. 184). These are commonly painful and heavy but
may be insensitive and small.

b) Torsion of the testis (p. 70, p. 350). This is really a torsion of the sper-
matic cord above the testis and epididymis. There is usually a recent severe
onset of acute testicular or lower abdominal pain, nausea and/or vomiting,



Diagnosis and Investigation of Urinary Disease 81

with a past history of similar but less severe episodes. Physical examination
reveals a swollen, oedematous and red scrotal wall, within which the
acutely painful testis inhibits palpation. Any male under the age of 21 years,
presenting with such a history, requires an immediate open diagnostic, and
possibly therapeutic, surgical exploration of the testis, manual reduction of
the torsion and posterior scrotal wall fixation of both testes, if possible, or
removal of the dead testis and fixation of the other side (Allan and Brown,
1966).

c) Torsion of the testicular appendages. The history and examination find-
ings are similar to those found in torsion of the testis but are less severe
and it is often possible to palpate the tender torted appendage accurately
(figs. 81-82). Immediate diagnostic open surgical exploration of the testis is
performed both in order to differentiate the condition from torsion of the
spermatic cord and to enable excision of the torted appendage to be car-
ried out. The condition is usually bilateral and therefore requires associated
exploration of the second testis and prophylactic removal of any appen-
dages.

d) Acute epididymitis and orchitis (p. 70).

e) /diopathic scrotal oedema or scrotal fat necrosis. Young children may
develop a minimally painful, oedematous, red scrotal wall and related skin,
with normal intra-scrotal contents, of unknown aetiology. The condition
resolves satisfactorily and can be observed without surgical exploration. Fat
necrosis presents as a painful small mass in the scrotal wall, usually in fat
boys who have recently bathed in cold water. It resolves with rest.

f) Haematocele (p. 312). The non-surgical or surgical traumatic history is
usually diagnostic but if there is no history of trauma, or the haematocele is
large, then the scrotum is surgically explored both to eliminate the possibil-
ity of a testicular neoplasm and achieve a more rapid convalescence.

Is the scrotal swelling non-painful? If the answer is Yes then the swell-
ing may be:
a) Testicular neoplasm. These may be painless (p. 184).

b) Hydrocele (p. 28). An excessive amount of clear tunica vaginalis fluid
produces a hydrocele. The most common, idiopathic hydrocele, often re-
quires surgical excision in view of its size. An /inflammatory hydrocele
usually resolves with satisfactory treatment of the cause of the epididymo-
orchitis. Unless the testis and epididymis can be accurately palpated then
the surrounding hydrocele must be aspirated and the fluid examined micro-
scopically for possible malignant cells (neoplastic hydrocele) or excised so
that an adequate examination can be made. Congenital hydrocele is dis-
cussed on p. 28. A persistent processus vaginalis may result in a hydrocele
collection of peritoneal fluid. Ligation of the connection is performed if it
has not closed by the age of 2 years. An encysted hydrocele is excised if it
is of sufficient size to cause discomfort. Congestive cardiac failure, renal
failure, or the rare filarial lymphatic obstruction may produce bilateral
hydroceles.

c) Epididymal cysts. Clear fluid cystic changes within the head of the
epididymis are common in young men although the aetiology is unknown.
Inspection, palpation and transillumination indicates that the testis is situ-
ated below the cysts which are transilluminable. Very large cysts are

surgically excised but with small cysts only reassurance of the patient is re-
quired.
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d) Spermatocele. An enlarged epididymal cyst containing opaque (sper-
matozoa) fluid is termed a spermatocele. The condition occurs in older
men, is often bilateral, and only requires surgical excision if it becomes in-
conveniently large.

e) Sperm granuloma and granulomatous orchitis. Sperm extravasation may
rarely produce a chronic inflammatory ‘foreign body’ granuloma, which is
only diagnosed by open surgical exploration, indicated because of the pos-
sibility of a testicular neoplasm. Granulomatous orchitis is also a rare in-
flammatory condition of unknown aetiology and cannot be diagnosed
clinically.

f) Testicular gumma. This extremely rare consequence of tertiary syphilis
may present as a painless testicular lump and is usually only diagnosed
when surgical exploration has been performed because of the possibility of
a testicular neoplasm.

g) Varicocele (p. 72, 169, 375).

Congenital abnormalities such as hypospadias or phimosis (p. 346) or ac-
quired lesions such as Peyronie’s disease (p. 66) may be detected whilst a
urethral stricture, diverticulum or discharge may be palpated or seen.

Swellings, nodules, ulcers or rashes should be diagnosed and treated if
necessary, and the anal and peri-anal appearance and tone recorded. In
children the area should be carefully examined for worms (p. 317).

Adults: With the patient in the dorsal position inspection of the vulva will
show any abnormalities such as inflammation, dystrophies, cysts, warts or
neoplasms. Separation of the labia minora exposes the vaginal introitus and
urethral meatus. The patient is requested to strain and cough and the ex-
tent of any cysto-urethrocele prolapse, or stress incontinence, demon-
strated. Caruncles (p. 155) and urethral prolapses are common in the
elderly.

Female stress incontinence of urine results from congenital and/or acquired
bladder outlet muscle sphincteric inefficiency and/or congenital and/or ac-
quired posterior pubo-urethral (p. 64) ligamentous deficiency or damage.
Increased urethral mobility is usually found in patients with weak posterior
pubo-urethral ligaments. Using a male olivary tipped urethral sound, careful
multiple point bladder neck and proximal urethra upward support is applied
whilst the patient increases her intra-abdominal pressure. The muscular or
ligamentous areas responsible for the stress incontinence can then be iden-
tified. The history and these physical examination findings greatly influence
the decision to operate and the choice of a particular operation (p. 358).

After the examination in the dorsal position the patient is then turned to the
left lateral position and, with the aid of a Sim’'s speculum, the vagina and
cervix are inspected. In particular, discharges from this area are noted:

1) A slight, white, non-irritating vaginal discharge usually indicates secre-
tion from the glands of the cervix and requires no treatment.

2) A clear or coloured irritating discharge (p. 382) from the vagina or cervix
may result from:

a) Candidiasis (monilia). The main symptom is pruritus and signs vary
from a minimal to an obvious ‘cheesey’ discharge, with the occasional
presence of white plaques. If pruritus is present, without a discharge
or white plaque formation, then a culture of this area commonly
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Urine Examination

reveals monilial infection. Recurrent infections are common in
diabetics.

b) Trichomoniasis. A profuse frothy discharge, with red vaginal walls, is
commonly found with trichomonal infections. Motile trichomonads
are seen by mixing a drop of the discharge with normal saline and ex-
amining under a microscope.

c) Haemophilus vaginalis. The discharge is usually grey in colour and
often malodorous. Microscopy of a drop of discharge mixed with
saline shows vaginal squamous cells stippled with the bacteria.

d) Senile vaginitis. This is occasionally associated with a varying degree
of purulent discharge.

e) Herpes genitalis. The vesicles and/or shallow ulcers may result in a
thin clear discharge but often only red inflamed areas are seen.

Any urethral discharge merits the exclusion of gonorrhoea and other
venereal diseases by examination of swabs taken from the urethra and the
endo-cervix (chapter XIX). Inspection of the cervix may reveal child-birth
lacerations, acute infections with a purulent discharge, or chronic cervicitis,
with a red ‘erosion’ and a thick muco-purulent discharge. Nabothian folli-
cles, polyps, or a neoplasm may be present. Taking a smear for cervical
cytology is a routine part of any gynaecological examination.

The patient now resumes the dorsal position and a bimanual examination is
performed. This indicates the size, regularity, consistency and mobility of
the uterus, and may also reveal other pelvic masses, such as an ovarian
cyst, or inflammatory tenderness.

Gynaecological examinations, in particular, should be carried out in the pre-
sence of a third party, such as a nurse, both for added assistance and
medico-legal reasons.

Children: Vaginal examinations, particularly in the presence of
vulvovaginitis, are difficult in children and may require a general anaes-
thetic.

Human urine is an excellent medium for bacterial growth (Asscher et al.,
1966). The laboratory-detected presence of bacteriuria indicates that either
the patient has a urinary tract infection or that the urine specimen has been
contaminated upon leaving the bladder. Such contamination is common in
view of:

a) The organisms which normally live in the external urinary meatus and
related areas

b) The difficulties of obtaining mid-stream specimens of urine in children
and women

c) The delays which sometimes occur between collecting the specimen
and examining it in the laboratory.

Kass (1956) used the term ‘significant bacteriuria’ to distinguish between
true urinary tract infection and contamination. Significant bacteriuria im-
plies the presence of more than 100,000 organisms per ml of urine. This is
discussed further in chapter V.
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The collection of specimens in young children and neonates is difficult and
requires specialised, experienced nursing staff. This has led to the maxim,
‘Send the child to the laboratory not the urine specimen’ (see chapter XIV
tables | and Il).

Bladder catheterisation, under strictly aseptic conditions, provides an un-
contaminated bladder urine specimen but, even with cooperative adult
women, also requires experienced staff. Bladder catheterisation is traum-
atic and difficult in young children.

Suprapubic bladder aspiration is a safe (Pryles et al., 1959) and efficient
procedure for obtaining uncontaminated specimens of urine and is par-
ticularly suitable for children, cases presenting diagnostic difficulty, or
where post-gynaecological or obstetric vulval and vaginal contamination
exists.

In order to prevent the multiplication of contaminated organisms the urine
should be microscopically examined and cultured immediately after voiding
(p. 317). If this is not possible then the urine should be stored at 4°C until
such an examination can be made.

A macroscopically cloudy specimen may indicate infection or phosphatic
material which, unlike infection, dissolves on acidification. Infected urine
usually smells of ammonia. Methylene blue may colour the urine green
whilst beetroot and rhubarb may produce a pink urine. Red blood cells (see
chapter VI) and haemoglobin will change the urine to a red colour and
phenazopyridine produces a yellow-orange colour. Acute porphyrinuria is
rare but may be suspected when the patient’s urine becomes deep red on
standing for several minutes. Melanin, bile pigments, phenol and
methyldopa will often produce a brown or black urine.

Metabolites: The specific gravity of the urine sample is determined and,
using chemical dip strips, an indication as to whether the urine contains
blood, protein, sugar and ketones is obtained, together with an estimation
of the pH. There is a relatively high uric acid content in urine in our com-
munity and thus the urine is usually acidic.

Organisms: ‘Dipslide’ and ‘strip” diagnostic methods of chemically iden-
tifying urinary tract infection are cheap and can be used in the patient’'s
home and subsequently brought to the laboratory. The tests are of value in
certain situations but do not replace the professional accuracy of fresh
microscopically examined specimens.

The urine may be examined with or without centrifuging but far more infor-
mation is obtained from a centrifuged specimen (fig. 84). Approximately
10ml of urine is centrifuged in a conical tube at 1,500 revolutions per minute
for 5 minutes. The urine is decanted from the tube until approximately
0.5ml of concentrated sediment remains. One drop of this sediment is
transferred to a clean microscope slide and covered with a cover slip before
being microscopically examined, under reduced illumination, using low and
then high power. It is usually not necessary to stain the centrifuged speci-
men as the urinary constituents mentioned below can be easily seen in a
fresh centrifuged specimen. A Sternheimer-Malbin stain does display the
centrifuged contents more vividly and, because of its alcohol content, ena-
bles preservation of the specimen should this be necessary. A Gram stain
enables an accurate distinction to be made between Gram-negative and
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84 Microscopy findings in urine sediment.

85
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Gram-positive organisms but is rarely necessary as almost all rod-shaped
organisms detected in an unstained specimen are Gram-negative and all
cocci Gram-positive.

Organisms: Gram-negative infections are very common and are discussed
in detail in chapter V.

Should tuberculosis (p. 148) be suspected then the centrifuged specimen is
treated with acid fuchsine, heated, washed with alcohol and acid and then
counterstained with malachite green. This is the Ziehl-Neelsen stain, which
identifies acid-fast organisms, but does not specifically identify Mycobac-
terium tuberculosis. A positive Ziehl-Neelsen identification requires a sub-
sequent laboratory culture and/or a guinea pig inoculation test before
genitourinary tuberculosis can be confirmed.

Trichomonal or monilial infections may- occasionally be detected and, ex-
tremely rarely outside tropical countries, the ova of Schistosomia may be
found in travellers who have visited endemic bilharziasis areas.

Cells: Red blood and pus cells may occasionally be seen in urine but they
fragment rapidly and this emphasises the need for specimens to be fresh or
refrigerated. The presence of 1 or 2 red or pus cells per HPF is abnormal and
necessitates quantitative urine counts. A recurrent red blood cell quantita-
tive count greater than 20,000 per ml requires further investigations (p. 162)
but with lesser, asymptomatic counts they are not justified (Syme, 1979).

Normal centrifuged urine contains less than 2,000 leucocytes per ml. Higher
counts may be suggestive of vaginal or preputial contamination or of tuber-
culosis, as yet unidentified infection, or glomerulonephritis, and also require
further investigation (McGuckin et al., 1978).

Staining of the centrifuged deposit by the Papanicolaou technique may
reveal neoplastic genitourinary mucosal cells. The identification of these
cells requires some expertise and is used to follow patients with previously
diagnosed and treated transitional cell carcinomas of the urothelium (Weller
and Greene, 1966).

Crystals: Urinary crystals have distinct shapes (fig. 84).

Casts: Urinary casts (p. 85) are fragile and best detected in uncentrifuged
urine. They may be:

a) Granular — desquamated tubular or pus cells
b) Hyaline — excessive protein loss
c) Haematin — red blood cell oss.

Table |. Radiation doses resulting from investigative techniques. (Average human back-
ground radiation 100 millirads per year)

Investigation Radiation dose
(millirads)

Intravenous pyelogram 720

Computerised tomography (kidney) 4,000

Renal angiography 2,000

Renal scan 200
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Special
Investigations

Serum Analysis

Urine Analysis

Special investigations are never performed ‘routinely’ — this is wasteful of
intellect, time and money — but are selectively performed, dependent upon
the clinical findings and suspicions.

There is now general agreement (Morgan, 1979) that all levels of radiation
are potentially dangerous to humans. This fact must be kept in mind when
advising patients to undergo sophisticated radiological investigation. The
average human background radiation dose is of the order of 100 millirad per
year and the additional radiation dose associated with the various pro-
cedures discussed in this section is shown in table I. Renal ultrasound in-
vestigations do not involve radiation and as far as is known have no side
effects.

The serum concentration of various substances indicates both the quality
of renal function and, occasionally, the presence of various diseases. Nor-
mal serum levels relevant to genitourinary disease, and the likely implica-
tions of abnormal levels, are shown in table Il.

The urinary excretion rate of various substances may also indicate both the
quality of renal function and the presence of diseases such as hyper-
parathyroidism, hyperuricaemia, congenital oxaluria, cystinuria, Cushing's
disease, Conn’s syndrome or phaeochromocytoma (p. 374).
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Table Il. Normal values, and implications of abnormal values, of serum constituents relevant to genitourinary disease

Serum constituent

Likely implication

normal level

raised level

lowered level

Urea
Aduits 2-8.5mmol/L
Infants 1.3-4.2mmol/L
Creatinine
0.04-0.12mmol/L
Potassium
3.5-5mmol/L

Sodium
134-146mmol/L

Chloride
98-110mmol/L
CO, content
22-32mmol/L
Total proteins
60-80g/L
Calcium (avoid blood stasis)
2.1-2.6mmol/L
Phosphate
0.7-1.3mmol/L
Testosterone (plasma)
Males 10-42mmol/L
Females 1-3mmol/L
Urate
0.15-0.44mmol/L
Acid phosphatase (prostatic)
Less than 0.8 U/L (37°C)
Acid phosphatase (total)
Less than 12U/L
Alkaline phosphatase
Less than 110U/L
Prolactin

Males 6-20ng/ml
Females 12-25ng/ml

Renal failure, dehydration

Renal failure, dehydration

Renal failure, adrenal hyperplasia
or neoplasm

Renal failure, Cushing’s syndrome
or Conn’s syndrome

Renal failure
Renal failure
Dehydration
Hyperparathyroidism

Excessive intake

Hyperuricaemia
Prostatic carcinoma

Prostatic carcinoma

Occasionally impotence (p. 391)

Renal renin (depends on sodium intake, posture and other drug therapy)

Recumbent
1.4-5.5mmol/L/3 hours
Ambulant
3.5-12mmol/L/3 hours

a-Fetoprotein (AFP) (an expensive test)

< 40ng/ml
Human chorionic
gonadotrophin (see table /i)
Follicle stimulating hormone
Males: 0.5-4.1mU/ml
Females:
follicular 0.5-6mU/ml
luteal 0.5-4mU/ml
mid-cycle 4-15mU/ml

post-menopausal > 10mU/ml

Luteinising hormone
Males: 1-5mU/ml

Cyclical, females: 0.5-5mU/ml

Renal hypertension

Carcinoma of testis and other
malignancies (liver)

Testicular teratoma, sometimes

Testicular teratoma, sometimes

Fluid retention

Some large bowel neoplasms
and vomiting

Addison’s disease

Vomiting

Vomiting

Overhydration, malnutrition
Hypoparathyroidism
Hyperparathyroidism

Occasionally infertility
and impotence

Hypopituitary disorders (p. 376)

Hypopituitary disorders (p. 376)
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Glomerular Filtration

Rate

Renal Tubular
Function

The detection of oxalates and cystine is expensive and certainly not
justified routinely (see chapter IX). Urate and phosphate excretion levels are
particularly related to diet and this must be controlled before these levels
are estimated. The constituents and values for normal urine, which does not
contain protein, glucose or ketones, are listed in table |lI.

Inulin clearance is the most accurate method of measuring the glomerular
filtration rate but, because it is less time consuming, creatinine clearance
values are used. This test is explained in detail on page 44.

See also chapter |l.

Tubular Concentration Efficiency: The ability to concentrate urine in
response to water deprivation is an excellent test of renal tubular function.
This is measured by the subcutaneous injection of 5 units of vasopressin
tannate (an oily suspension which must be warmed and mixed before in-
jecting) and measuring the fasting patient’s urinary specific gravity over the
next 12 hours.

Table Ill. Normal urinary values

Constituent Normal value Notes
Urea 200-600mmol/day
Creatinine 10-25mmol/day
Creatinine clearance 80-120mls/min
(0.68-1.33mis/sec/m3)
Potassium 45-80mmol/L Urinary sodium and

potassium levels are of

Sodium 75-200mmol/L value in managing acute
renal failure and different-
iating between prerenal
and renal failure (chap. XVI)

Calcium 0.2-7mmol/day on

a random diet

Phosphate 27-39mmol/L

Urate 1.6-6.6mmol/day

Oxalate < 0.35mmol/L

Cystine < 0.63mmol/day

Vanillyl-mandelic

acid (VMA) 40mmol/day (See p. 374)

Androsterone

Males 7-13pmol/day (See chapters XVIII, XX)
Females 4-9umol/day
17-Hydroxy-cortico-
steroids < 330mmol/day measured  (See Cushing’s disease,
as free cortisol chapter XVII)
Aldosterone 10-40mmol/day (See Conn’s syndrome,

(4-15ug/day) on 100mmol chapter XVII)
of sodium/day

Human chorionic

gonadotrophin (HCG) < 300 1U/24 hours
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Intravenous
Pyelogram

The concentrated urinary specific gravity in patients with normal renal
tubular function may rise to a level of 1.030 or higher but tubular failure
results in a fixed urinary specific gravity of about 1.010, which represents
the specific gravity of the glomeruli filtrate.

Tubular Acidification Efficiency: The ability of the renal tubules to handle
an acid load is essential for the preservation of the normal body acid-base
balance. Gelatin capsules of ammonium chloride (0.1g per kg body weight)
are taken with 1 litre of water over a 1 hour period, using the previous day's
urinary excretion pH levels as a control. Normal renal tubules should res-
pond to this acid load by secreting urine with a pH less than 5.5 over the
next 6 hours.

An intravenous pyelogram is an essential investigation in all patients pre-
senting with either haematuria or clinical renal colic. Intravenous iodine
should never be administered to any patient who has experienced a pre-
vious allergic reaction. Because of the 1 in 100,000 risk of the contrast
medium causing a major anaphylactic shock, resuscitation equipment
should always be available and an initial small intravenous test dose should
be given and the result assessed before injecting the remaining 40 to 60ml.

The contrast medium is filtered through the glomeruli and concentrated in
the tubules before passing into the calyces, pelvis, ureters and bladder. This
enables both the function and the anatomy of the system to be assessed.
A greater concentration of the dye is achieved by dehydrating the patient,
using contrast medium which contains 3 atoms of iodine in each molecule,
and by applying abdominal compression during the investigation in order
partly to obstruct the system. There is little to be gained from attempting
intravenous pyelography examination in the presence of gross renal failure
as the kidneys are unable to concentrate the dye.

An intravenous pyelogram has 3 stages:

1. A full length straight abdominal and pelvic x-ray is taken in order to
detect the presence of urinary calculi (radio-opaque in 94 % of cases in our
community), skeletal abnormalities, and soft tissue outlines such as renal or
bladder shadows (fig. 85).

2. The injection stage produces 2 phases:

The Nephrogram: As the contrast medium fills the glomeruli and tubules
opacification of the renal parenchyma occurs at a rate dependent upon the
renal blood supply, glomerular function and the capacity of the tubules to
reabsorb water. If the kidney is not obstructed the medium rapidly fills the
collecting system and enters the bladder. Should the kidney be obstructed
then the medium may remain proximal to the level of the obstruction for
hours or days. The radiologist will vary the dose of injected contrast
medium and the timing of his x-rays, depending upon these various
changes. For greater detail the focal length of the x-rays may be altered,
using a section of the kidney which is sharply in focus compared with its
surroundings. Such x-rays are termed tomograms (fig. 86).
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85 A straight abdominal and pelvic x-ray. Numerous calcifications are present which
may represent calculi, phleboliths or mesenteric lymph glands. The bladder and psoas
muscle soft tissue outlines are seen but the film is not focused sufficiently to assess the
renal outlines. The skeletal structures seen are normal.

86 Nephrogram. Normal nephrograms, taken 30 seconds after intravenous injection of
the medium, which has opacified the nephron system but has not yet entered the calyceal-
pelvi-ureteric collecting system.
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The Calyceal-pelvi-ureterogram: As the contrast medium leaves the
renal parenchyma it enters the collecting system and both the anatomical
outlining of this system and the efficiency of delivery to the bladder is esti-
mated and abnormalities noted (fig. 87). Continual peristalsis of the ureter
often means that its whole length is not displayed in a single x-ray. In a nor-
mal, although slightly dehydrated system, provided the patient is mobile,
the upper urinary tract should be anatomically normal and free of dye within
1.5 hours. There should be no intra-luminal filling defects.

3) The third stage of the intravenous pyelogram is that of residual urine
estimation (fig. 88).

An intravenous pyelogram is an excellent method of diagnosing upper urin-
ary tract mechanical and functional abnormalities but, because usually only
40ml of contrast medium is ejected — being less than a tenth of the adult
bladder capacity — the resultant cystogram is not usually of sufficient
quality to enable intra-vesical pathology to be interpreted accurately, apart
from large tumours or calculi, which present as constant filling defects.
During this partial cystogram phase an attempt is made to interpret the
degree of residual bladder urine which may be present but, unless the
residue is gross, this may be inaccurate, as many people have difficulty
voiding in the unfamiliar surroundings of a busy x-ray department.
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Calyceal-pelvi-ureterograms
87a A normal calyceal-pelvi-ureterogram on the right side but a grossly obstructed neph-
rogram on the left side.

87b A moth-eaten right calyceal-pelvic system together with an early vesico-ureteric
stricture: highly suggestive of tuberculosis.

87c Non-opaque calyceal and pelvic filling defects due to neoplasms or uric acid calculi.
88 Intravenous pyelogram. Post-micturition intravenous pyelogram indicating a moder-

ate residual bladder urine, a heavily trabeculated bladder wall and a large pulsion diver-
ticulum.
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Other Investigations
for Renal Function,

Space Occupying

Lesions and Filling

Defects

89

Several special investigations developed during the past 20 years have
greatly assisted the accurate diagnosis of renal space occupying lesions
and constant filling defects (fig. 89).

Ultrasound, Renal Cyst Aspiration and Cystogram: Ultrasound utilises
soundwaves of a high frequency (2 million cycles per second) produced and
received by a transducer, which interprets the echoes of the soundwaves
as they pass through tissue interfaces of differing density. The echoes are
converted into electricity and displayed on an oscilloscope screen; this
oscilloscope screen tracing can be made permanent by using a Polaroid
camera, which produces a negative (black dots) and a positive (white dots)
image. Ultrasound diagnosis is particularly useful in deciding whether a
mass lesion in the kidney is cystic or solid. Should the lesion be entirely
echo-free then a simple benign renal cyst (p. 32) or a dilated, non-function-
ing half of a bifid system (figs. 6 and 7) are the most likely diagnoses,
although an extremely small proportion of apparently benign renal cystic
lesions are malignant with either a carcinomatous nodule on the wall of the
cyst, a cystic adenocarcinoma, or a very necrotic haemorrhagic centre of a
carcinoma appearing as an echo-free mass (Ambrose et al., 1977). Because
of this slight risk all moderate to large renal cysts should be completely
aspirated under local anaesthetic, the fluid sent for cytological examination,
and a cystogram performed through the aspirating needle (figs. 90-91).

Renal ultrasound examinations are carried out with the patient in the prone
or supine (particularly for the right kidney, where the liver is translucent and
there is no bowel gas) position and transverse and longitudinal views taken.
If the lesion is found to be solid it is almost certainly a neoplasm or, on ex-
tremely rare occasions, a renal carbuncle (p. 132), hamartoma or other

History and examination

|

IVP + Infusion tomography

[

Large Small

]
Smooth Irregular Solitary Smooth/multiple
Haematuria No haematuria

Ultrasonography — Solid —{ Angiography q——l

Cystic Malignant

Cystpuncture Computerised Observe with
Cytology tomography repeat IVP
Cystogram
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Renal space occupying lesions
89 Aninvestigation plan.

90a An intravenous pyelogram reveals a large asymptomatic left renal space occupying
lesion in a 50-year-old man presenting with mild dysuria.

90b A longitudinal ultra-sound examination confirms the smooth lesion to be a benign
cyst. No treatment was advised.

91a An intravenous pyelogram reveals numerous space occupying renal lesions, with a
particularly large, smooth right-sided lesion.

91b A transverse ultrasound examination shows all the space occupying lesions are
benign cysts, the large right cyst was aspirated and cytology and the cystogram confirmed
its benign character.
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benign tumour. The rare angiomyolipoma can usually be diagnosed with
great accuracy (Baron et al., 1977) because of its characteristic lipoma ele-
ment echoes and its angiographic pattern (p. 170). Should a solid renal
mass, or a relatively small single cystic lesion be found, then renal angiogra-
phy is performed, both in order to assist the diagnosis and to indicate the
pattern of the major blood vessels, which assists technically any subse-
quent surgical procedure.

Renal Angiography: The introduction of contrast medium directly into the
renal artery, through a percutaneous puncture of the femoral artery, and the
subsequent outlining of the renal vascular system and parenchyma pro-
vides an excellent means of identifying renal vascular abnormalities such as
stenosis, aneurysm (beware of a constant smooth filling defect in the
superior aspects of the renal pelvis) or arteriovenous malformations, as well
as differentiating between a neoplasm and a benign cyst or tumour (figs.
92-94).

Following injection of the contrast medium x-rays are taken at 1 second in-
tervals. The arterial phase of the examination delineates the renal artery
whilst the nephrogram phase, which normally begins within 5 seconds of
injection, may identify renal parenchymal abnormalities. The calyceal-pelvi-
ureterogram phase may indicate mechanical and/or functional obstruction
to the system.

Angiography for renal neoplasm usually reveals many bizarre, poorly
muscularised primitive vessels; these pool medium within their thin walls
and fail to contract to intravenously administered adrenaline, in contrast to
the vessels surrounding a benign renal cyst which, although stretched, have
an otherwise normal appearance and contract vigorously to intravenously
administered adrenaline.
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Renal angiography
92a A 58-year old man presented with painless haematuria. An intravenous pyelogram
reveals an irregular space occupying lesion within the lower half of the left kidney.

92b A left selective renal angiogram confirms the clinical diagnosis of renal adenocar-
cinoma. Note the bizarre, poorly muscularised, primitive neoplastic vessels, which fail to
contract following intravenously injected adrenaline.

93a A smooth asymptomatic left renal space occupying lesion detected in an intravenous
pyelogram in a patient with severe hypertension.

93b The left selective renal angiogram revealed that the space occupying lesion was a
moderately large benign left renal cyst. No treatment was advised.
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Rarely, renal neoplasms, such as an oncocytoma (p. 169), may exhibit a
stretched but relatively normal angiographic appearance (Wright and
Walker, 1975). A renal carbuncle is a very rare lesion usually with a charac-
teristic angiographic appearance showing inflamed renal vessels pushed
aside by the abscess which, together with its clinical presentation and
course, usually enables diagnostic distinction from a neoplasm.
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Renal angiography and computerised tomography

94a A 34-year-old woman presented with clot retention of urine. An intravenous
pyelogram revealed an irregular space occupying renal lesion. Panendoscopy revealed no
lower genitourinary tract abnormality other than the blood clot. Bleeding was observed to
be coming from the left ureteric orifice.

94b A left retrograde pyelo-ureterogram revealed a normal left ureter but did not fill all the
pelvi-calyceal system.

94c Left renal selective angiogram revealed an adenocarcinoma which was treated by
radical nephrectomy.

94d Computerised tomography study clearly revealed the large solid neoplasm and
assisted preoperative staging by displaying the absence of involved para-aortic lymph
nodes.
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Venogram: Outlining of the minor and major venous drainage of the kidney
may illustrate benign or neoplastic obstruction and this aids both the diag-
nosis and management of such conditions (fig. 95-96).

Catheterisation of the femoral vein and subsequent entry into the right renal
or left suprarenal vein, using image intensifier screening, enables venous
renin levels to be determined in suspected cases of renal hypertension or
Conn’s syndrome (p. 46, 372).

Computerised Tomography: Computerised tomography is of consider-
able diagnostic significance in selected patients and was regarded as such a
significant advance that the 1979 Nobel Prize for Medicine was awarded to
its co-inventors, Dr Godfrey Hounsfield and Dr Allan Cormack.

Renal venography
95 A normal venogram in a 38-year-old man with a testicular teratoma. Note the associ-
ated intravenous pyelogram and lymphangiogram.

96 An abnormal venogram due to a right renal adenocarcinoma thrombous invasion.
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Ultrasound differentiates solid from cystic structures but computerised
tomography demonstrates and differentiates such radiographic tissue den-
sities in a far more precise manner (fig. 97-99) and provides the most accur-
ate means of diagnosing unusual renal tumours, such as lipoma, liposar-
coma and hamartoma (chapter VII). The multiple tomographic sections,
usually about 13mm thick, demonstrate coronal sectional anatomy. The
ultrasound examination costs less than a quarter of a computerised
tomography study and, as the ultrasound examination is more than adequ-
ate for distinguishing between most cystic and solid lesions, it is used in-
itially, tomography being retained for the more difficult diagnosis. As com-
puterised tomography does not provide sufficient information concerning
the vascular pattern of a tumour it has not replaced angiography, nor does
it replace the cytological information derived from cyst puncture.

Computerised tomography is also of value in detecting the presence of
both local neoplastic extension and metastatic lymph gland involvement in
genitourinary neoplasia and is now an essential preoperative investigation in
all such patients (figs. 94d, 98b, 99).

Renal cyst confirmed by ultrasound and computerised tomography
97a A 70-year-old man presented with a large left renal mass.

97b An intravenous pyelogram suggested that it was a renal cyst (see over).
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Renal cyst confirmed by ultrasound and computerised tomography
(continued)
97c¢ This was confirmed by longitudinal ultrasound.

97d Further confirmation by computerised tomography studies, where the cyst is dis-
played as a grey shadow. Note the smaller cyst in the right kidney. The large cyst was
aspirated and the resultant cystogram confirmed its benign character.
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Renal tumour confirmed by computerised tomography

98a An intravenous pyelogram of a 51-year-old man who presented with painless haema-
turia. The pyelogram revealed a large irregular space occupying lesion within the left
kidney.

98b Computerised tomography confirmed the diagnosis of renal adenocarcinoma and
also disclosed large metastatic para-aortic lymph node involvement. A difficult radical left
nephrectomy was performed.
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Radio-isotope Studies: Radio-isotope studies are of particular value in
patients who are allergic to iodine.

The Renogram: Renal function can be measured safely and non-invasively
(Koff et al., 1979) by the intravenous injection of radioactive compounds,
such as technetium, and using a gamma camera and computerised record-
ing to graph the number of counts from the kidney per unit of time. A nor-
mal renogram has 3 phases (fig. 100):

Vascular: This measures the blood flow to the kidney.

Secretory: This phase measures the glomerular filtration and tubular excre-
tion of the hippuran and corresponds to the nephrogram injection phase of
an intravenous pyelogram.

Renal tumour confirmed by computerised tomography (continued)

99 A 50-year-old man presented with painless haematuria. An intravenous pyelogram
showed no abnormality but an assessment panendoscopy revealed the presence of a clini-
cal stage |l, grade Ii-lll posterior bladder wall neoplasm. Computerised tomography of the
pelvis confirmed the presence of the neoplasm but did not reveal any involved metastatic
lymph nodes. Note the different transverse levels.
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100

Excretion: In this the efficiency of the calyceal-pelvi-ureteric collecting
system is measured.

Renograms are of particular value in detecting and following the progress
of patients with either upper urinary tract obstruction or trauma. Portable
machines enable the investigation to be performed at the bedside in a quick
and safe manner.

Renal scanning: The distinction between anatomically solid and cystic renal
space occupying lesions can also be made by intravenously injecting gam-
ma radio-active chlormerodrin '%’"Hg and detecting the uniformity or other-
wise of the renal gamma ray emissions by external scintillation counting

100 The 3 phases of a renogram. Showing both normal and obstructed renal patterns.

100 1
Obstructed system
50 4
Normal system
o
C
o)
Q
Q
]
o)
a
2
c
3
o 0 Y T
Time in minutes 5 10 15
Vascular Filtration Excretion
- | g | < >




Clinical Urology lllustrated 106

and subsequent photographic reproduction (figs. 101, 102). Schlegel et al.
(1979) have described an accurate and rapid method of estimating renal
plasma flow, and filtration fraction and rate, using radio-labelled hippuran
and iron ascorbate.

Renal scanning does not give the accuracy of anatomical diagnosis
achieved by intravenous pyelography-tomography, ultrasound, angiogra-
phy or computerised axial tomography but is of considerable value in
detecting bone and other tissue malignant metastases and in diagnosing
intravenous pyelogram-nonfunctioning kidneys (Lome et al., 1979).

Renal scanning
101 A normal system.

102 A large benign right renal cyst.
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Perirenal Air Insufflation: This investigation is performed when an
adrenal tumour is suspected. Air or oxygen is introduced into the space be-
tween the rectum and sacrum by a needle guided by a finger in the rectum.
X-rays are taken every 10 minutes with the patient erect. The air provides a
dark contrast medium outlining both the adrenal glands and the kidneys on
each side (fig. 103). Insufflation should not proceed unless, by aspiration, it
is shown that the needle is not sited in a pelvic vessel (Ransom et al., 1956).
Non-invasive, more accurate, computerised tomography has replaced
perirenal air insufflation in most centres.

Percutaneous Antegrade Pyelography: Percutaneous antegrade
pyelography (fig. 104) is performed by passing a 20 gauge spinal needle
through the skin, under local anaesthesia, into the renal pelvis and then out-
lining the pelvi-calyceal-ureteric system with contrast medium (Casey and
Goodwin, 1955).

The procedure is of great value in demonstrating a level of obstruction
when this cannot be shown by intravenous pyelography or retrograde
pyelo-ureterogram (see fig. 126b) but it is essential that either preliminary
straight abdominal x-rays, limited intravenous pyelograms, radio-isotope
studies, ultrasound or computerised tomography have demonstrated both
the precise site of the renal pelvis and the fact that it is distended. Prior to
injection of any contrast medium urine should be aspirated.

103 Peri-renal air insufflation. The clinical impression of a large left adrenal
phaeochromocytoma is confirmed.

104 Antegrade pyelography. A 50-year-old woman underwent a right hemi-colectomy
operation. Three weeks later she presented with persistent aching right loin pain. A grossly
obstructed poorly functioning right kidney was diagnosed by intravenous pyelography and
the site of obstruction confirmed by antegrade pyelography. Note the needle entering the
pelvis.
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Percutaneous nephrostomy (p. 204) is now commonly used to relieve acute
or chronic upper urinary tract obstruction of urine, dilate uretero-ileal stric-
tures (p. 119), dissolve certain selected renal calculi (p. 226) and even
remove some impacted calculi (Smith et al., 1979).

Whitaker’s Test: Several chapters in this book emphasise that a dilated
system does not necessarily imply an obstructed system. Whitaker's test is
based on the fact that an obstructed system requires an increased proximal
pressure to maintain the normal flow rate. The test is used in an endeavour
to differentiate between dilatation and obstruction and is described on
p. 121.

Figure 105a-f shows the result of several of the investigations described in
this section performed in a 42-year-old man who presented with painless
haematuria; they highlight some of the problems encountered in arriving at
an accurate diagnosis in some cases of renal space occupying lesions.
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Diagnostic difficulties

105a A 42-year-old man presented with painless haematuria. An intravenous pyelogram
revealed a space occupying lesion of the right kidney.

105b An infusion tomogram magnified the outline of the lesion.

105c An ultrasound study suggested the lesion was cystic (see over).
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Lower System
Investigations

Cysto-urethroscopy: Cystoscopy is the term used to describe optical in-
strument visualisation of the bladder wall and outlet by utilising telescopes
with a visual field varying between 30° and 120°. Genitourinary assessment
of this area includes such visualisation, together with an associated
urethroscopy, utilising a visual field between 0 and 30° inspection of the
genitalia and a bimanual examination of the pelvis.

Cysto-urethroscopy is best performed under general anaesthesia although
local anaesthesia is used when it is estimated that therapeutic or extensive
diagnostic manipulations will not be necessary or there are general medical
reasons inhibiting general anaesthesia.

Many patients undergoing cysto-urethroscopy require a preliminary intra-
venous pyelogram examination to exclude probable or silent upper tract
pathology and to thereby indicate whether or not retrograde pyelo-
ureterograms and/or upper urine collection specimen studies are necessary
at the time of the procedure.

Upper urine collection specimens can be obtained from either system and
microscopically and chemically examined. This procedure is used to localise
urinary tract infections and may be of value in differentiating between a

Diagnostic difficulties (contined)
105d A right selective renal angiogram showed a non-neoplastic vessel pattern.
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non-opaque filling defect in the renal pelvis or ureter by microscopic ex-
amination of the specimen for malignant cells or uric acid crystals.

The associated use of an image screening intensifier enables an apprecia-
tion of the calyceal-pelvi-ureteric conducting efficiency and often helps to
identify obstruction as well as assisting in differentiating between a non-
opaque calculus and a neoplasm.

Diagnostic difficulties (contined)

105e,f Computerised tomography again suggested a benign cystic lesion. As the studies
had not completely excluded a malignancy and he had presented with haematuria, the
patient was cysto-urethroscoped. Two small papillomas were found on the trigone. Subse-
quent cyst puncture of the renal large calyceal diverticulum revealed no abnormal cells.
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The development of modern concentrated contrast media and techniques
such as hyperconcentration and high dose infusion pyelography have
resulted in far fewer indications for retrograde pyelo-ureterograms.

Modern cystoscopes are now made of either stainless steel alloy with an
insulated tip or a metal inner tube with an outer non-conducting smooth
teflon coating (fig. 106). The original Nitze (1889) glass lens system has
been replaced with a series of solid glass rods, which greatly increase the
optical resolution and contrast by utilising both the considerable modern

106 Cystoresectoscopes. A modern cystoresectoscope set, with a light source in the
background connected to a working resectoscope with its adjacent introducing sheath and
obturator. A paediatric resectoscope is shown in the foreground.
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engineering advances involved in grinding and coating such rods and by
reducing the air space between the glass. These improvements provided a
wider viewing angle with a lens system which occupies less space and
therefore enables reduction in the absolute diameter of the instrument. The
modern light source consists of similar glass fibres which pass inside the
telescope and conduct light from an externally generated power source.
This provides brilliant illumination, sufficient even to enable photography or
television transmission to be carried out. The variety and quality of equip-
ment now enables such procedures to be performed on newly born
children, although this may require an external bulbous urethrotomy for
newly born males.

Indications for Cysto-urethroscopy

a) Haematuria: All patients who experience macroscopic haematuria or
asymptomatic recurrent microscopic haematuria greater than 20,000 red
blood cells per ml require radiological outlining of the upper system and
cysto-urethroscopic visualisation of the lower system, irrespective of their
age, in order to detect and treat possible life-threatening pathology such as
carcinoma. (See chapter VI.)

b) Urinary tract infection: cysto-urethroscopy enables:

i) an attempted accurate diagnosis of the cause and/or localisation of
the site of infection

ii) a distinction to be made between those situations which are actually
or potentially capable of causing permanent renal and/or other tissue
damage and those which are not

i) occasional simultaneous surgical correction or palliation of the cause.
(See chapter V.)

c) Lower urinary tract obstruction of urine: The diagnosis and usually the
treatment of lower urinary tract obstruction of urine requires cysto-
urethroscopy (chapter X).

d) Bladder calculi: Bladder calculi are not always radio-opaque (chapter 1X)
and cystoscopy may establish the diagnosis. An endoscopic lithotrite may
be used to crush such calculi and to irrigate the fragments from the
bladder.

e) Ureteric calculi: These may be endoscopically extracted if they are below
0.5cm in size, impacted in the lower third of the ureter and causing persis-
tent or recurrent pain. (See chapter 1X.)
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f) Upper urinary tract obstruction of urine: Retrograde pyelo-ureterograms
may identify the site and the pathology of the obstruction. A Braasch bulb
catheter (fig. 107) is inserted into the ureteric orifice and subsequent injec-
tion of contrast medium outlines the upper system.

g) Removal of foreign bodies (see p. 155).

h) Infertility: Catheterisation of the ejaculatory ducts and subsequent study
of vaso-seminal vesiculograms may assist in the diagnosis and treatment
of infertility (p. 378).

Complications of Cysto-urethroscopy: All surgical procedures have
complications; the incidence of serious complications during and following
diagnostic cysto-urethroscopy is extremely low but increases when exten-
sive cutting procedures are performed.

Urinary tract infection, bacteraemia/septicaemia, intravascular haemolysis
and blood loss are the major early complications whilst urethral stricture is
the major long term complication (p. 252).

Cystogram: Complete distension of the bladder with contrast medium in-
serted through a small urethral catheter gives a more accurate outlining of
the bladder mucosa than intravenous pyelography and may reveal diver-
ticula or constant filling defects (fig. 108-109), such as a neoplasm or non-
opaque calculi, but rarely provides as much information as a telescopic ex-
amination.

Voiding cystograms are of greater value in detecting the presence of
vesico-ureteric reflux (p. 136), posterior urethral valves (p. 22, p. 338) or in
assessing female stress incontinence (p. 356). In infants the bladder is
emptied by supra-pubic compression with the operator wearing a lead-
lined glove.

107 A Braasch bulb retrograde ureteric catheter. Note the arrow-shaped tip, which re-
tains the catheter in the distal ureter during the injection studies.
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Cystograms
108 A constant left-sided filling defect consistent with a bladder neoplasm.

109a A 28-year-old woman who presented with recurrent urinary tract infections was
found to have a solitary dilated left system.

109b A micturating cysto-urethrogram revealed grade lll vesico-ureteric reflux, which was
corrected by anti-reflux surgery.
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Cine-cysto-urethrography: This provides a film of bladder filing and
emptying and is occasionally of value in assessing functional bladder outlet
obstruction.

Urethrogram: Visualisation of the urethra can be achieved by the introduc-
tion of 26ml of a radio-opaque viscous medium ‘Umbradil’ (Astra) via a
nozzle inserted into the external urinary meatus. Urethral strictures, rup-
tures, diverticula, neoplasms or fistulae may be detected (figs. 110-111).

Urethral Discharge: See chapter XIX.

Lymphangiography: Lymphangiography is used in an endeavour to detect
neoplastic lymph gland metastases or benign obstruction. Evans blue dye is
injected intradermally into the first web space of each foot. Within an hour
the subcutaneous lymphatics of both lower limbs are usually sufficiently
outlined to enable surgical exposure, cannulation and subsequent introduc-
tion by slow injection pump of contrast medium. As the medium enters the
lymph glands metastases may be identified as filling defects (fig. 112). The
technique is time consuming and often difficult to interpret and has largely
been replaced by computerised tomography.

Perineal Prostatic Needle Biopsy: In order to confirm the clinical suspi-
cion of a prostatic carcinoma a needle biopsy may be necessary (p. 182). A
spinal or general anaesthetic is administered and a Vim-Silverman (Franklin
modification) needle passed through the perineal body, directed by a finger
in the rectum, until the hard prostatic area is reached and a core tissue ex-
traction made for microscopical examination. Haemorrhage and penetra-
tion of the rectum or bladder are very rare complications of this procedure.
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Urethrograms
110 A normal urethrogram. Note the extended penis and the thick dye, containing 1%
neomycin, entering the bladder.

111 In this 38-year-old man the dye cannot pass into the posterior urethra because of a
gross stricture of unknown but presumed traumatic origin.

112 A lymphangiogram. In a man of 55 with a known right-sided infiltrating bladder
neoplasm, a large metastatic pelvic lymph node is disclosed.
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General
Investigations

Patients with urological problems are often in the older age group at their
initial consultation and usually require an electrocardiograph tracing and an
assessment of their pulmonary function, together with a full blood ex-
amination . A chest x-ray is an essential investigation in all patients un-
dergoing a general anaesthetic for major surgery and a necessary annual in-
vestigation in all patients over the age of 45 years, particularly tobacco
smokers. A chest x-ray may disclose primary or secondary heart or lung
disease, including neoplastic metastases (fig. 113). Peri-renal neoplastic in-
filtration or inflammation may result in elevation and/or fixation of the
diaphragm.

Other specialised investigations such as tuberculosis culture and guinea pig
inoculation, bleeding and coagulation times, platelet counts, malarial blood
smears and a renal biopsy may be necessary, dependent upon the particular
clinical situation.

113 Annual chest x-ray. Asymptomatic ‘cannon-ball’ metastases from an
asymptomatic renal adenocarcinoma, in a 50-year-old man.
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Upper Urinary Tract
Urodynamics

Purpose of Dynamic
Studies

Chapter IV

Urodynamics

Urodynamics is the study of the flow of urine from the renal papilla to out-
side the body. It can be divided into the study of the upper urinary tract, the
renal calyces, pelvis and ureter, and the study of the bladder and its outflow
mechanism.

The history of the investigation of the dynamics of the upper urinary tract
falls into two distinct eras. First, there was a period of intensive experimen-
tal investigation. The pioneers in this field were Kiil (1957), Struthers (1969)
and Boyarsky (1972). There was then a lull while some of this basic
physiological information was fed into clinical practice by such workers as
Ross and his colleagues (1972) and Backlund and Reuterskiold (1969). The
second era was heralded by the appreciation that not all dilated upper
tracts were obstructed and that a careful look at the dynamics might help
to distinguish the obstructed from the unobstructed system. Early studies
were performed at the time of operation in such conditions as hy-
dronephrosis (Johnston, 1969) and mega-ureter (Backlund and
Reuterskiold, 1969). What was then needed was a preoperative diagnostic
study that could decide if indeed an operation was necessary.

It was in the late 1960’s that it became clear that the renal pelvis could be
punctured safely and, following this, antegrade pyelography (p. 107)
became popular as both a therapeutic and diagnostic technique. The
method also provided ready access to the kidney for urodynamic studies.
This was an important advance because it then became possible to make
an accurate diagnosis as to the site and degree of obstruction (Whitaker,
1973).

Measurement of Activity: Dynamics can be useful in two respects. First,
a simple method of measuring pressure via a thin tube can tell whether
there is any spontaneous activity in the upper urinary tract by measuring
changes in the pressure. This can be useful when planning an operation on
a wide system: for instance, after a period of severe obstruction it is helpful
to know that the system has regained tone before undertaking reconstruc-
tive surgery. The introduction of contrast medium via the same fine tube
and examination with fluoroscopy will give information as to whether these
spontaneous contractions are producing any useful ureteric motility with
propulsion of a bolus.

Also, measurements of pressure, together with electromyography and
histology, have shown that there are pacemaker cells in the pelvicalyceal
system that initiate the spread of electrical and muscular activity.

Detection of Obstruction: Secondly, dynamic studies can provide the all
important answer to the question of whether or not the upper tract is
obstructed, and the use of dynamics in this respect is discussed more fully
below.
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Before making the diagnosis of an obstruction we must be clear as to what
we mean by the term obstruction as applied to the ureter and renal pelvis.
In simple terms it means an impediment to flow, but when analysed in
dynamic terms obstruction is best defined as a situation where there is an
abnormally high pressure within the system to transmit the usual flow
through it. There will, of course, be times when the kidney is no longer
capable of producing a high pressure and the result will then be a lower
flow than usual. It is clear then that both pressure and flow must be esti-
mated if the degree of obstruction is to be critically evaluated.

Alternative Investigations: Dynamic studies have proved necessary
because, in difficult cases of obstruction,-almost all other forms of in-
vestigation including radiology and isotope studies fail to give the necess-
ary information concerning the two parameters of pressure and flow. A
urogram, a retrograde ureterogram and a probe renogram all have these
limitations, although individually they may provide information about
morphology, motility and function.

Recently, more sophisticated types of isotopic study have been introduced
in which the differential transit times have been compared between the
renal parenchyma and collecting system (Whitfield et al., 1978). Such
studies have the great advantage that they are less invasive than dynamic
studies, but they need to undergo further evaluation before it can be shown
that they can replace a dynamic assessment.

Technique: In 1969 Johnston showed that the renal pelvis could be per-
fused, at the time of operation, to simulate a rapid diuresis and that the
pressure measured through a separate tube could give useful information
on whether or not an obstruction was present. Similar studies were per-
formed by Backlund and Reuterskiold (1969) in both animals and children.
The pressure/flow perfusion studies that are now used as a diagnostic
technique in many centres (Whitaker's test, p. 108) are based on this same
principle, but have 2 distinct advantages (Whitaker, 1979). First, only one
cannula is necessary for both the perfusion and the pressure measurement
and, secondly, the cannula can be introduced into the renal pelvis percu-
taneously so that the presence or absence of obstruction can be confirmed
before deciding whether or not an operation is necessary.
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A thin cannula, mounted on a needle, is introduced into the renal pelvis, or a
dilated calyx, by direct percutaneous puncture (fig. 114). This is most
simply performed under x-ray control after the administration of an intra-
venous injection of contrast medium. In small children a general anaesthetic
is preferable, but in older children and adults local anaesthetic is sufficient.

The cannula is then attached to a perfusion pump that will deliver at a rate
of both 10 and 5ml per minute. Through a side arm the pressure is
measured via a transducer and recorded on a simple one channel recorder.
It is essential also to measure the bladder pressure via a urethral catheter
and this can be recorded via the same transducer, intermittently, on the
same recording. The upper tract is then perfused initially at 10ml per
minute, with either contrast medium or saline, and the pressure within the
renal pelvis is continuously recorded. After the study is complete the renal
pelvis is aspirated, the cannula removed, and the patient returned to bed for
24 hours.

Interpretation: It now seems clear that a normal urinary tract can tolerate
10ml per minute with no greater pressure drop between the renal pelvis and
bladder than 12 to 15cm of water. If the pressure rises above this level, but
then equilibrates at between 15 and 30cm of water, a moderate degree of
obstruction is present. If the pressure is higher than this, or tends to con-
tinuously rise and not reach an equilibrium, a severe obstruction is present.

Complications: The complications from this type of study are few and not
serious. A minor degree of extravasation is not unusual and may produce a
little discomfort. We have not encountered severe haemorrhage, but a little
haematuria for a few hours is not unusual.

114 The Whitaker test. A diagrammatic illustration.
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Indications for and Accuracy of Test: The only situation in which this
study fails to indicate obstruction is in intermittent hydronephrosis (2 cases
in nearly 200 studies in the writer's series). If the pelvi-ureteric junction is
not obstructed at the time of the study then clearly the intra-renal pressure
will be within normal limits. In these cases the only satisfactory diagnostic
method is a urography during an attack of pain.

A knowledge of the bladder pressure is essential to distinguish between
upper tract dilatation due to uretero-vesical junction obstruction and to
bladder outlfow obstruction.

This method of investigation is reliable and, at times, indispensable when
other methods of investigation have failed to elucidate the problem in
difficult cases of equivocal obstruction with dilatation but no vesico-
ureteric reflux.

Lower urinary tract urodynamics are concerned with the flow of urine into
and out of the bladder and urethra.

The ancients thought the bladder was an inert sac and the urine was ex-
pelled by abdominal pressure and it was not until the pioneer work of
Mosso and Pellocani in 1882 that the contractile power of the bladder wall
was demonstrated. Over the next 75 years intermittent reports of bladder
dynamics appeared but it was not until modern electronics had developed
to a stage which allowed measurement of bladder pressure, with little in-
terference with the normal mechanism of micturition, that the possibility of
applying these research procedures to clinical problems in urology was
considered.

In the late 1950’s von Garrelts of Stockholm (von Garrelts, 1956, 1957) in-
troduced a method of measuring bladder pressure and urine flow which
formed the basis of all subsequent investigations. He also demonstrated
the application of these techniques to the clinical problems of prostatic
disease and urethral stricture. Since then there has been a gradual but
steadily increasing interest in urodynamics both from a research and clinical
aspect.

Clinical urodynamics is concerned with the measurement of the physiologi-
cal changes in the bladder and urethra during filling and voiding. Certain
measurements are fundamental and each is discussed below.

The pressure in the bladder has 2 components, the intrinsic pressure pro-
duced by the bladder wall and external or abdominal pressure. Bladder
pressure is the most fundamental measurement in lower tract urodynamics
and can be measured by a variety of different techniques.

a) Use of an indwelling urethral catheter. The commonest and generally the
most satisfactory method, this obviously produces some obstruction to the
lumen of the urethra during micturition but this effect is small and the
safety and convenience of the method amply compensate for this disad-
vantage.

b) Suprapubic puncture to record bladder pressure has the advantage that
the urethral mechanism is left unaffected but it is used chiefly in children.

c) Entirely intravesical measuring devices have been described but are com-
plicated and have not found general favour.
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The Cystometrogram

Micturition Studies

Urinary Flow Rate

Usually water-filled catheters are used with an external transducer but tiny
transducers mounted on the tip of the catheter have been devised and
proved reliable.

This is the oldest standard procedure in urodynamics and cystometry has
been in clinical use for over 50 years. Fluid or gas is instilled into the bladder
and the pressure developed during filling is measured.

Technique: The apparatus employed ranges from a simple T-tube
manometer to complicated electronic recording devices. The rate at which
the bladder is filled seems to be unimportant, within fairly wide limits, but
in-flow rates of 25 to 50ml/minute are commonly used. The pressure is
recorded and related to the volume of fluid in the bladder.

Interpretation: The cystometrogram may in fact measure 2 different pro-
perties of the bladder: first, the physical characteristics of the bladder wall,
and secondly, the physiological reaction of the detrusor muscle and its
neurological connections. The normal cystometrogram consists of a very
flat pressure curve with little rise in bladder pressure until capacity is almost
reached. Abnormal rises in the pressure curve may indicate an abnormality
called instability of the bladder muscle. In severe cases this may be induced
by filling the bladder slowly and is often associated with incontinence, or
leakage of urine, but in milder cases the instability may only be demonstr-
ated by getting the patient to cough or strain or by tilting the patient from
the horizontal to the upright position. Usually no cause can be found for
this abnormality but it may be associated with upper motor neurone lesions
such as occur in multiple sclerosis or spinal injuries (p. 266).

Reliability: The cystometrogram is a reasonably consistent measure of
bladder capacity and detrusor response to filling but may be modified by a
number of factors, such as the temperature of the filling fluid, the psy-
chological state of the patient, the number of times it is repeated and the
presence of complications such as bladder stone or infection.

Recording of pressure and flow events during micturition can reveal much
useful information of clinical relevance. However, it must be realised that all
methods of measuring bladder pressure during micturition involve some in-
terference with the normal micturition mechanisms and must always be in-
terpreted with caution.

The rate of flow of urine is the most easily recorded of all micturition events
and a variety of different types of instrument of very varying complexity
have been devised to record this measurement. Electronic derivatives can
be employed to yield instantaneous flow rates and are particularly useful in
patients who have an interrupted flow (fig. 115).

Von Garrelts (1956, 1957) described the various types of flow in normal as
well as pathological conditions of the urinary tract. However, there is a wide
variation in individual cases so a single flow rate may have little clinical sig-
nificance. Flow rates for bladder volumes under 150ml in the adult are
unreliable (fig. 116). However, in general terms, flow rates over
15ml/second in the male exclude obstruction whereas those under
10ml/second are often associated with obstruction. In the female, flow
rates tend to be rather higher than in the male.
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Urinary flow rates
115 Plot of volume against time.

116 Normal and abnormal patterns.

125

Maximum
EE_SE flow rate
y a N
y & N\
f & —\
K N
f - — N
— —\
. f— =N Average
3 y & A N
E F N fiow rate
£ f = N
o = .
1S — N
2 “l “
3 A= =W
” S

L

Time to maximum fiow
< Flow time —DI

Voided volume

115

N
o
1

Flow rate ml/sec

Normal

20

Flow rate ml/sec

Prostatic hypertrophy

20

e~ —

Urethral stricture

Flow rate ml/sec

20 -

Flow rate ml/sec

Intermittent flow, atonic bladder with
abdominal straining

116




Clinical Urology lllustrated 126

The Urinary Stream

Micturition Pressure

Intra-abdominal
Pressure

The chief advantage of urinary flow rate measurement is that it is simple
and reproducible and does not involve any instrumentation of the urinary
tract. By performing sequential flow rates the effects of such procedures as
prostatectomy or urethral dilatation for stricture may be assessed (p. 244,
254). Flow rates may be used to determine the timing of urethral dilatation
in stricture cases and the author has devised a simple uro-flowmeter con-
sisting of a plastic funnel in the barrel of the syringe which will accurately
record a single flow rate and help to determine when urethral dilatation is
necessary.

The urinary stream has been studied by cinematography, spectroscopy,
direct and indirect pressure measurements and, since time immemorial, by
personal observation.

The study of the urinary stream in the female is difficult but in the male is
easier and represents the force left in the urine after urethral resistance has
been deducted from the bladder pressure. Unfortunately, the most impor-
tant factor altering the characteristics of the urinary stream is the external
meatus, for a narrow meatus may give an excellent projection despite a
poor flow rate.

External meatal stenosis presents few diagnostic problems in the male
although it is not always realised that the effective diameter of the external
meatus in the adult male is only 3mm or equivalent to 11 French gauge.

This is the pressure within the bladder during voiding and can be measured
by suprapubic or more commonly by a transurethral pressure catheter in
the bladder.

In urethral obstruction there is commonly a rise in the bladder pressure dur-
ing micturition accompanied by a fall in the urinary flow rate. This repre-
sents the response of the detrusor muscle to urethral obstruction and is
frequently accompanied by trabeculation of the bladder wall visualised by
cystoscopy.

In conditions where the muscle of the bladder wall fails the pressure curve
during micturition may be flat or nonexistent. Under these circumstances
micturition may be initiated by increases in the intra-abdominal pressure
produced by voluntary abdominal muscle. Such micturition by straining is
usually intermittent for it is difficult for voluntary straining to produce a
sustained stream. Thus it is important to measure intra-abdominal as well
as intra-vesical pressure.

This pressure, which acts on the bladder itself and on the proximal urethra,
is a variable factor in micturition. Normal micturition is possible and fre-
quently occurs without any change in the intra-abdominal pressure. How-
ever, changes in the intra-abdominal pressure may profoundly alter bladder
function.

True abdominal pressure is difficult to measure and, usually, rectal pressure
measured by a water filled rectal balloon is taken to represent intra-ab-
dominal pressure although some authors have used intra-gastric balloons.

True detrusor pressure represents total bladder pressure minus intra-ab-
dominal pressure and is now reasonably easily measured using bladder and
rectal catheters and electronic subtraction. However, this refinement is not
vital as pressure changes produced by abdominal muscles are usually short
lasting and can be differentiated from the slow rise and fall produced by
detrusor contractions.
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Originally described in 1969 by Brown and Wickham, this measurement has

been extensively studied without any very firm conclusions having emerged
(fig. 117).

A fine urethral catheter with side holes located a little distance from the tip
is perfused with fluid at a slow rate (2ml/min) and withdrawn along the
length of the urethra as the pressure in the catheter is measured. At points
of urethral narrowing, such as the sphincter or a urethral stricture, the
pressure measured will ise. The magnitude of the rise at sphincter level can
be enhanced by a voluntary squeezing of the pelvic muscle. The urethral
pressure profile has been shown to produce consistent results that can be
modified by drug treatment. In the female a low profile is often associated
with a low urethral resistance and incontinence. In the male the pressure
profile can be used to demonstrate anterior urethral strictures but these are
better demonstrated by a urethrogram. It is, however, of considerable help
in neurological disorders affecting the bladder and sphincter region where it
can be used to demonstrate the effect of drug or nerve blockades.

These rather complicated techniques can be applied to the sphincter region
or the detrusor muscle. They remain a research technique but are of value in

assessing some of the problems of neurological disorders of the bladder
and urethral function.

117 Urethral pressure profile.
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Indications for
Urodynamic Studies

References

Further Reading

Studies of lower urinary tract dynamics have increased our knowledge of
disorders of micturition a great deal over recent years and have provided
endless occupational therapy for academic urologists. In some instances
they have contributed to the diagnosis and treatment of urological disor-
ders, often in a negative way by demonstration of the absence of urethral
obstruction. This may be a positive benefit to the patient who may well be
saved unnecessary surgical procedures.

The apparatus is expensive and the procedures are time consuming. They
are also very limited in value unless the clinician concerned takes an active
interest in the performance and interpretation of the studies. It seems pro-
bable that for the moment such studies should be performed only in
urological units with an active interest but the lessons learnt may often be
applied to urological practice elsewhere.

The indications for urodynamic studies will vary depending on local cir-
cumstances and the particular research interests of the unit. Their value is
now well proven in demonstrating the presence or absence of urethral
obstruction and the study and treatment of bladder instability.
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Genitourinary Tract
Infections

General Aspects

Diagnostic Methods

Chapter V

Infection and Dysuria

Urinary tract infections are common and result from a variety of causes but
many patients, particularly children, present with symptoms and signs of
infection although subsequent investigation reveals a sterile urine. The
cause of the infection, or the symptoms and signs of infection, must be
determined if treatment is to be successful.

This chapter deals first with genitourinary infection other than that caused
by tuberculosis, then with tubercular infection, and finally with infective and
non-infective dysuria. Venereal causes of urethritis are discussed in detail in
chapter XIX and epididymal and testicular inflammations and infections are
discussed in chapters Il (p. 70) and Il (p. 80).

Urinary tract infections are very common with a high incidence in women,
presumably because of their shorter urethra and its relationship to sexual
intercourse and both vaginal inflammation and contamination.

Urinary tract infection occurs in all age groups but there are 3 peak periods
of presentation:

1) During the first 6 years of life, because of the anatomy and hygiene of
young girls (p. 316) and the presence of male and female congenital
abnormalities (chapter |).

2) At the time of sexual activity and childbirth

3) After the age of 55 years in males, as a result of mechanical and/or
functional urinary tract obstruction (chaps X and XI).

Urinary tract infections can result in permanent renal (chapter XVI) and
other genitourinary tissue damage and this is particularly evident in the pre-
sence of renal obstruction or vesicoureteric reflux. In view of this potential
all children who experience one episode of infection and all adults with
recurrent infection should be thoroughly investigated in order that the
cause can be diagnosed and, if possible, corrected.

The early diagnosis and correction of potentially serious causes of urinary
tract infection provides one of the major challenges of modern preventive
medicine.

History and Physical Examination: All patients with symptoms and signs
suggestive of a urinary tract infection require a full history taking and
thorough general examination.

Symptoms and signs: The symptoms and signs of urinary tract infection
result from inflammation of the affected area or areas. Renal inflammation
may cause loin pain and tenderness to palpation whilst bladder, prostatic
and urethral inflammation are characterised by suprapubic pain, perineal
pain, micturition and/or post-micturition painful dysuria and/or haema-
turia.
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In children general signs dominate the clinical presentation whilst in adults
local symptoms and signs are more common.

Loin pain as an isolated symptom/ sign: The majority of patients presenting
with loin pain as a solitary symptom have back strain and not urinary tract
infection.

Dysuria as an isolated symptom: Although many patients presenting with
dysuria, with or without haematuria, are subsequently found to have a urin-
ary tract infection, some have a sterile urine (p. 154) or a venereal urethritis.

Urine Examination: All patients presenting with symptoms and signs sug-
gestive of a urinary tract infection should undergo a microscopic, chemical
and, if necessary, culture examination of the urine in order to determine
whether or not infection is present. The laboratory detected presence of
bacteriuria indicates that either the patient has a urinary tract infection or
that the urine specimen has been contaminated after leaving the bladder.
Such contamination is common in view of:

1) The organisms which normally live in the external urinary meatus and
related areas

2) The difficulties of obtaining mid-stream specimens of urine in children
and women

3) The delays which sometimes occur between collecting the specimen
and examining it in the laboratory.

Kass (1956) used the term ‘significant bacteriuria’ to distinguish between
true urinary tract infection and contamination. Significant bacteriuria im-
plies the presence of more than 100.000 organisms per ml of urine. This
count could only occur under conditions of gross contamination. Most uri-
nary tract infections are due to a single bacterial strain.

The presence of less than 100,000 organisms per mi of urine does not mean
that the urine is uninfected. Chronic renal infection, patients receiving
chemotherapy at the time of culture, and conditions of extreme diuresis,
may all produce an ‘insignificant bacteriuria’.

A full account of the techniques of urine collection and examination will be
found on p. 84, and 316.

Asymptomatic Bacteriuria: There is considerable evidence (Kunin and Pa-
quin, 1965) that asymptomatic bacteriuria in young school girls can indicate
the presence of gross genitourinary abnormalities. These workers found
that:

1) Vescio-ureteric reflux was present in 23% of such young girls

2) The intravenous pyelogram was abnormal in 22%.
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Kass (1960) stressed that 20% of pregnant women with asymptomatic
bacteriuria developed acute pyelonephritis during pregnancy but that this
could be prevented by treating the asymptomatic bacteriuria when it was
originally diagnosed.

Norden and Kass (1968) stressed the importance of asymptomatic preg-
nancy bacteriuria which has an incidence of up to 10% (Polk, 1959). Kin-
caid-Smith and Bullen (1975) investigated such patients after delivery and
found that the intravenous pyelogram was abnormal in 51% and that there
was a significant renal size difference in 45%.

Screening tests for asymptomatic bacteriuria: Wide scale screening tests for
asymptomatic bacteriuria are expensive and in the light of present
knowledge can only be justified in the 2 high-risk groups mentioned above.

Further Investigations: The diagnosis of urinary tract infections depends
not only upon the clinical and urine examination findings but also upon the
radiological and endoscopic findings (see below).

More Common Organisms: The organisms most commonly responsible
for urinary tract infections are Escherichiae coli, Klebsiella, Proteus
mirabilis, Streptococcus faecalis, Micrococci and Pseudomonas aeruginosa.
Esch. coli, Klebsiella and Strep. faecalis infections are common in those
cases without detectable upper or lower genitourinary tract abnormalities
whilst Proteus and Pseudomonas infections are usually found in patients
following hospitalisation, in those who have had repeated antibiotic therapy
or in those with a present or past history of a large renal calculus. Staphy-
lococcus aureus may cause urinary tract infections, particularly in ill,
hospitalised patients and is also responsible for the rare renal carbuncle (see
below). Staphylococcus albus is another uncommon cause of urinary tract
infection in debilitated patients.

Fungal infections are uncommon but occur in diabetics, patients in poor
general health or in those receiving immunosuppressive, cytotoxic or toxic
bone marrow drugs.

Less Common Infections: In addition to tuberculosis other rare gra-
nulomatous infections include, malakoplakia, an extremely rare coliform in-
fection which results in the formation of multiple honeycombed gra-
nulomatous renal abscesses forming within and outside the kidney. The
condition is thought to result from a particularly virulent £. coli infection
and a nephrectomy is usually required. Malakoplakia can also occur in the
bladder, testis and epididymis (Melicow, 1957).
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Schistosomiasis and brucellosis infections are extremely rare in developed
countries but, very rarely, renal hydatid disease occurs (fig. 118). The
disease is usually diagnosed by a positive intradermal Casoni skin test but a
negative result does not exclude the infection. A nephrectomy is usually
necessary.

Urinary pH and Other Considerations: Most organisms that invade the
urinary tract survive better in an alkaline than an acid urine. Most of the suc-
cessful chemotherapeutic drugs act more effectively in an acid medium.
Many Gram-negative bacteria produce bacteriocins which inhibit the
growth of other different species.

Most Gram-negative organisms produce endotoxins which, if released into
the circulatory system in moderate amounts, will produce severe shock.
This situation can occur spontaneously but more commonly follows opera-
tive or postoperative trauma, where very large numbers of bacteria may
suddenly enter the circulation.

Methods of Invasion: Ascent through the urethra: This theory is supported
by the dominance of gut organisms. causing urinary tract infection
and by their known colonisation of the vagina and external urinary meatal
area (Cox, 1966; Marsh et al., 1972). Their subsequent introduction into the
bladder could occur under circumstances such as sexual intercourse,
urological instrumentation, and even by spontaneous movement (Mayo and
Hinman, 1973). Such ascent would be favoured by primary inflammatory
pathology in this area such as the ‘urethral syndrome’ (see below). Stamey
has shown that bladder bacterial invasion can often be predicted by the in-
itial appearance of such organisms within the vagina before they are even
located within the bladder (Stamey et al., 1971).

Vesico-ureteric reflux: This represents the most commonly known form of
preventable permanent renal damage within the community (p. 135, 334).

Haematogenous infection: Organisms may enter the kidney through the cir-
culation but they rarely establish a colony unless the kidney is abnormal
and/or the patient is generally unwell or a severe diabetic.

Overwhelming local renal tissue necrosis may result in the formation of a
renal carbuncle (Craven et al., 1974). This rare condition usually presents as
an initial septicaemia with local renal pain and tenderness and a high fever.
The responsible organism is usually Staph. aureus, but is rarely found in the
urine as the lesion does not usually communicate with the drainage system.
The clinical diagnosis is confirmed by a characteristic renal angiogram (p.
98) and the carbuncle usually responds well to high dose chemotherapy,
although it may be necessary to surgically drain the collection or to perform
a nephrectomy.

Infection by direct extension: This can occur from locally related infective
sources, or possibly from the gut via the lymphatics, although there is no
evidence to support this theory.
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Such infections may resolve, scar or suppurate (renal carbuncle, prostatic
abscess) and/or aid the formation of urinary calculi. Renal scarring may
produce effects ranging from a small scar in the renal cortex (with or with-
out widening of the related calyx, dependent upon both the site of the
fibrosis and whether or not associated papillary necrosis has occurred) to
severe generalised fibrosis resulting in a contracted, poorly functioning
kidney (see chapters XVI, XVII). Bladder tissue sloughing and destruction
may result in future calculus formation by providing the primary nucleus.
Urethral infections may produce a stricture (p. 252).

Proteus (urea splitting) renal infections, by raising the urinary pH (p. 210),
may encourage the formation of phosphatic calculi, as may other Gram-
negative organisms.

Particular organisms may produce a possible antigen-antibody local tissue
response which, in the kidney, may result in the formation of a thick, non-
opaque, mucous material termed a matrix calculus. This matrix can also act
as a nidus for stone formation and may calcify rapidly if the infection is not
treated efficiently (p. 210).

118 A rare right renal hydatid cyst. The calcified cysts contained live hydatid scolices.



Clinical Urology lllustrated 134

Investigations

All children and young adults with one proven episode of urinary tract infec-
tion and all patients with recurrent infection or recurrent symptoms require
further investigation in order to:

1) Attempt to localise and diagnose the cause of the infection (Fairley et
al., 1967)

2) Determine those infections actually or potentially capable of causing
permanent renal and/or other tissue damage

3) Instigate simultaneous therapy (occasionally).

As indicated above, many patients who present with symptoms and signs
of possible urinary tract infection, but in whom urinary examinations have
failed to reveal any evidence of infection, may also require further investiga-
tions. All children and all pregnant women with asymptomatic bacteriuria
also require further investigation as previously indicated.

Chapter lIl should be consulted for details of the essential investigations
listed below.

Static and Voiding Cysto-urethrograms: Vesico-ureteric reflux is com-
mon in children and for this reason a voiding cysto-urethrogram often
reveals this potentially serious abnormality. As renal fibrosis may take many
years to develop gross reflux may be present without the intravenous
pyelogram indicating upper tract abnormality. A voiding cysto-urethrogram
should always be performed as the first diagnostic investigation in children
and young adults (fig. 119).

Intravenous Pyelogram: Anatomical and functional abnormalities of the
kidney may be revealed (fig. 120). Ureteric and bladder abnormalities may
be diagnosed or suspected, although the small amount of dye intraven-
ously injected usually limits the diagnostic accuracy of the cystogram.

Dilatation of the lower ureters (fig. 119a) upper and lower pole pulsation
and/or infective destruction, or the presence of a pelvi-ureteric hydro-
nephrosis (p. 274) in younger patients, may also suggest the presence of
vesico-ureteric reflux; dilatation of the lower ureters, in older patients sug-
gests mechanical or functional obstruction (fig. 121).

Cysto-urethroscopy: This provides an accurate diagnostic assessment of
the lo