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PREFACE TO THE FIRST EDITION

What are the Scientific Foundations of Urology? The answer to this
seemingly simple question has proved to be surprisingly elusive. Historic-
ally it cannot be claimed that urology has been founded on science: it
originated as a craft. Our recent better understanding of disease and our
better management of individual patients have indeed stemmed from ad-
vances in physiology and pathology, but even now we can scarcely assert
that these sciences as yet provide a solid bedrock on which to build our
foundations. Science is today better conceived as an activity rather than as
an agreed compendium of knowledge: the scientific process involves the
study of a problem by setting up hypotheses which can then be tested, con-
firmed or refuted by observation, measurement and experiment. Those
hypotheses which seem to be confirmed then form the basis on which the
scientist develops new studies and the clinician devises his treatment. But
the solidity of the confirmation is only in proportion to the depths of the
investigation: new hypotheses and new observations may always demand
a totally new construction with a different concept of disease and its
management, so that only in the simplest of descriptive sciences can we
claim to have reached any solid foundation.

What can be asserted with some confidence is that the scientific method
has enormously enhanced the efficacy of our treatment of urological dis-
ease and it is in the belief that practice should now be founded on science
that we present this miscellany of contributions. We cannot hope that the
ideas here set out will constitute the truth for all time, but they form the
framework within which the scientific clinician must work for the present.

The book is primarily intended for urological surgeons, those in prac-
tice as well as those in training. It aims to complement rather than com-
pete with the numerous excellent textbooks of urology which cover so
completely the clinical, diagnostic and operative aspects of our topic. It
aims particularly at pathophysiology, the newer aspects of histopathology
and oncology but deals too with the science-based technology of endo-
scopic instruments.

We recognize that the distinction between medicine and surgery is
blurred and although we are dealing primarily with diseases amenable to
surgical treatment, many chapters have a medical flavour. Those which
are of most importance to the nephrologist have been grouped together in
the first volume, though it must be emphasized that this is in no way a text-
book of nephrology. The second volume deals with disorders of the urin-
ary tract with a more specifically surgical aspect, and with neoplastic
diseases, but this volume too has its medical interest for the endocrinolo-
gist and the chemotherapist.

The current scope of scientific urology, and therefore of our project, has
proved to be enormous and inevitably much has had to be omitted.
Articles have had to be ruthlessly pruned and some of those originally
planned have been regretfully laid aside; thus embryology, even though so
important in the consideration of congenital anomalies which make up the
bulk of paediatric surgery, would have almost filled a third volume and
has had to be omitted.

To our authors we wish to express our gratitude for their contributions
to knowledge and to these volumes: we ask their forgiveness for delays
and for the mutilating surgery which we have had to inflict on their articles
in order to preserve the life of the book as a whole. To our publishers, we

Xiii
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PREFACE

acknowledge our indebtedness for the opportunity to produce a work
which we believe breaks new ground and we thank them for their ready
understanding of our problems. We thank too our many secretaries and
illustrators for their patience and industry in the labour of this produc-
tion.

For our readers we hope that these volumes will be seen not simply as a
source of instruction and reference but as an indication of the scientific
possibilities of what was once the craft of urology. These articles should
represent a starting point rather than a final statement and if our readers
find anything to criticize in the work of the authors, we shall at least have
been successful in providing a stimulus to think afresh. They will no doubt
find much to criticize in the work of the editors, who can only hope that
there will be sufficient interest in the book to make possible the correction
of errors by a second edition.

February, 1976 David Innes Williams
Geoffrey D. Chisholm

PREFACE TO THE THIRD EDITION

Seven years after the 2nd edition, it is more than evident that the scien-
tific foundations of urology have undergone such great changes both in
content and emphasis that only a major revision of the book could cope
with these changes. In order to contain the size, we have had to omit some
chapters and, where appropriate, incorporate some of that material into
either major revisions or into completely new chapters. Thus, the section
on the kidney and its investigation has been rewritten and new contrib-
utors have been brought in to all sections of the book. We are greatly
indebted to the previous authors for their thorough revisions and to our
new authors for their excellent contributions.

The purpose of this book is unchanged: it is to identify the ever-growing
and ever-changing scientific foundations of urology and to present that
science in such a way that we can all gain from this knowledge. The scien-
tific method requires that we continually review and evaluate the basis of
our practice. It is becoming near impossible to gain an up-to-date per-
spective of all the scientific aspects of our specialty. Even a book of this
size remains selective, but we have continued our aim to emphasize bio-
logy, pathophysiology, histopathology and technology. Subspecialization
is an increasing trend in all areas of medical practice and we must be alert
to the risks for those with limited horizons. A further aim of this book,
therefore, is to provide our readers with facts, ideas and concepts from
which they can develop their own opinions and thereby improve their clin-
ical practice.

The preparation of this type of book can be lengthier than one would
wish, but we are greatly indebted to all our authors and their secretaries
for the prompt handling of so much material. Central to the successful
completion of this revision is Mrs Ann Kirk of Heinemann Medical whose
meticulous professionalism has guaranteed the quality of all three edi-
tions: we are deeply in debt to her for all that she has done for this volume.

September, 1989 Geoffrey D. Chisholm
William R. Fair
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KIDNEY AND INVESTIGATION

1. FUNDAMENTALS OF RENAL ANATOMY

J. S. DIXON and J. A. GOSLING

Gross anatomy of the kidneys

Structure of the kidneys
The nephron
Collecting tubule
Juxtaglomerular apparatus
Macula densa
Renal interstitium
Blood vessels
Innervation
Lymphatics

GROSS ANATOMY OF THE KIDNEYS

Each kidney is of characteristic shape possessing
superior and inferior poles, a gently convex lateral border
and an indented medial border. The anterior and posterior
surfaces are usually smoothly convex although marked
lobulation may occasionally persist into adult life. The
kidney of an adult weighs 135-150g and measures
approximately 11 cm from pole to pole} 6 cm from lateral
to medial border and 3cm from anterior to posterior
surface. Usually, however, the left kidney is longer and
more slender than the right. The medial border of each
kidney presents an oval aperture, the hilus, which is
traversed by the proximal parts of the urinary tract and by
the renal vessels, lymphatics and nerves. The kidneys lie in
the retroperitoneal tissues and their positions are
influenced by the topography of the posterior abdominal
musculature. The kidneys are applied to the medial slopes
of the paravertebral gutters and, as a consequence, their
anterior surfaces are also directed slightly laterally (Fig. 1).
The diverging lateral borders of the psoas major muscles
cause relatively wide separation of the inferior poles of the
kidneys; in addition the anterior curve of the lumbar spine
results in the inferior poles lying on a more anterior plane
than the superior poles.

Each kidney is covered by an investment of fibrous
tissues, the renal capsule. Within its fibrous capsule each
kidney is embedded in a mass of adipose tissue lying
between the peritoneum and the posterior abdominal wall.
Many discrepancies are evident in current literature when
descriptions of this adipose tissue and its associated fascial
layers are compared. These accounts differ probably
because of individual variation in the amount of fat which
may occur around the kidneys. Furthermore, the fascial

F1G. 1. A CT scan at the level of L1 showing the position of the kidneys lying in the
paravertebral gutters. (By courtesy of Professor 1. Isherwood, Department of
Diagnostic Radiology, University of Manchester.)

layers may not always be easily defined either in the
operating theatre or at postmortem examination. Confu-
sion has also resulted from the diversity of terms which
have been employed to describe essentially the same tissue
planes and fascial layers. In the present text the fat
immediately adjacent to the renal capsule is named the
perirenal fat (alternative: perinephric fat). This adipose
tissue is enclosed by the renal fascia (alternative:
perinephric fascia) which is itself covered anteriorly and
posteriorly by the pararenal fat (alternative: pararenal
body).

The renal fascia possesses anterior and posterior layers
which subdivide the retroperitoneal tissues on each side of
the midline into three potential spaces: (1) The posterior
space (posterior pararenal space) contains a quantity of
pararenal fat which can be traced laterally into the
anterolateral abdominal wall where it is in continuity with
a layer of adipose tissue lying between the transversalis
fascia and the peritoneum. (2) The intermediate space is the
perirenal space and contains the kidney and suprarenal
together with the perirenal fat. (3) The anterior space
(anterior pararenal space) is a more extensive compart-
ment and, furthermore, it extends across the midline from
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one side of the abdomen to the other, unlike the posterior
and intermediate spaces. The anterior space is bounded by
the anterior layer of renal fascia of each kidney and by the
parietal peritoneum. It contains the ascending and
descending colon, the duodenal loop and the pancreas. The
anterior and posterior layers of renal fascia merge superior
to the suprarenal gland, where they become continuous
with the diaphragmatic fascia. Traced medially, the
anterior layer blends with the connective tissue around the
aorta and inferior vena cava, while the posterior layer fuses
with the psoas fascia. Inferior to the kidney the two layers
of renal fascia continue into the iliac fossa in the shape of a
cone whose apex is directed inferiorly. In this region the
two layers are relatively thin and ill-defined. The ureter
leaves the perirenal space obliquely by piercing the medial
aspect of the fascial cone. From the lateral side of the cone,
the two layers of renal fascia fuse to form a single layer, the
lateroconal fascia, which can be traced laterally, posterior
to the ascending and descending colon, before attaching to
the peritoneum of the paracolic gutter.

Since the renal fascia forms a closed compartment, it
limits the spread of effusions and exudates originating
from the kidney. Such effusions are prevented from
crossing the midline and tend to spread inferiorly towards
the iliac fossa. The fat within the perirenal space is of
relevance to radiological investigations since adipose tissue
is radiolucent by comparison with renal tissue.

STRUCTURE OF THE KIDNEYS

Section of the renal parenchyma reveals an outer reddish
brown cortex and inner paler medulla (Fig. 2). The cortex

FIG. 2. Diagram of a bisected human kidney showing
several renal pyramids, each consisting of cortex and
medulla. Numerous medullary rays project towards
the renal capsule. 1= medullary ray; 2 = renal
papilla; 3 = renal capsule; 4 = renal cortex; 5 = renal
medulla; 6 = column of Bertin.

has a finely granular macroscopic appearance and is
limited externally by the renal capsule. The medulla
consists of 8-18 conical structures, the renal pyramids each
with their base towards the cortex and their apex or papilla
projecting into a minor calix. The lateral boundaries of
each pyramid are defined by inward extensions of darker
cortical tissue which form the renal columns (of Bertin). A
renal pyramid together with the cortical tissue overlying its
base and covering its sides constitutes a renal lobe. In fetal
life the separate lobes are recognizable as distinct
convexities on the surface of the kidney, but they usually
fuse to form the continuous smooth surface seen in the
adult.

From the base of each medullary pyramid a number of
thin, radially directed striated elements called medullary
rays extend into the cortical substance (Fig. 3). Each
medullary ray forms the centre of a small conical-shaped
region of renal parenchyma called a lobule.

FIG. 3. Low power photomicrograph of renal parenchyma showing medulla and
cortex with medullary rays (R). Part of a minor calix (C) is also visible. ( x 15).

The radial striations of each renal pyramid converge
towards the apex of the papilla, the striations resulting
from the straight portions of the uriniferous tubules and
their associated blood vessels. The tip of each papilla (the
area cribrosa) is perforated by 10-25 small openings where
the uriniferous tubules open into a minor calix.

Regional variation in structure along the length of the
tubules gives rise to grossly distinguishable zones within
the medulla, namely an outer zone adjacent to the cortex
and an inner zone. The outer zone, in turn, may be further
subdivided into a darker and thicker inner stripe and a
lighter and thinner outer stripe.

Each kidney contains approximately 1.5 million
uriniferous tubules which consist of two principal portions.
Th_e first, the nephron, is concerned with the formation of
urine, and the second, the collecting tubule, serves as an
excretory duct which conveys urine to the minor calix. The
two components of each tubule arise from separate
primordia which interconnect during development. The
nephrons develop from the metanephrogenic blastema,
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whereas the collecting tubules are derived from the ureteric
bud (a diverticulum of the mesonephric duct).

The Nephron

The nephron is the functional unit of the kidney and
comprises several morphologically distinct segments (Fig.
4). The proximal blind end of each nephron is a thin-walled

F1G. 4. Diagrammatic representation of a nephron to
show its constituent parts, namely Bowman’s
capsule, proximal convoluted tubule, descending
limb, distal convoluted tubule together with a
collecting tubule. | = Bowman’s capsule; 2 = prox-
imal convoluted tubule; 3 = descending limb; 4
= loop of Henle; 5= ascending limb; 6 = distal
convoluted tubule; 7 = collecting duct; 8 = afferent
arteriole.

expansion, the Bowman’s capsule, which is deeply
indented by a tuft of capillaries, the glomerulus (Fig. 5). A
glomerulus together with its Bowman’s capsule comprises
a renal corpuscle. The convoluted parts of the proximal
and distal tubules lie in the cortex close to the renal
corpuscle. That part of the nephron between the
convoluted segments forms a loop (of Henle) which
extends from the cortex for a variable distance into the
medulla. The loops from nephrons in the outer part of the
cortex extend as far as the inner stripe of the outer zone of
the medulla; those arising from juxtamedullary nephrons
reach the renal papilla.

Renal Corpuscle

Renal corpuscles are located in the renal cortex and are
approximately oval in shape with diameters ranging from
150 to 250 um (Fig. 6). In each renal corpuscle the
Bowman’s capsule surrounds the tuft of glomerular

FIG. 5. Scanning electron micrograph of a resin cast of a human renal glomerulus,
showing the afferent and efferent arterioles and the branching blood capillaries.
This specimen was prepared by injecting resin into the vascular system of the
kidney and then dissolving away the surrounding tissue. ( x 500)

capillaries as a double-layered cup-shaped structure. The
outer wall is the parietal layer and the inner visceral layer
closely embraces the glomerulus. The space between the
two layers contains glomerular filtrate and is called
Bowman’s space. Between the epithelium and the
capillaries is an extracellular layer of basement membrane
(basal lamina). At the vascular pole of the glomerulus, the
visceral layer of epithelium is reflected away from the
glomerular vessels to become continuous with the parietal
layer. At the urinary pole, the capsular epithelium is
continuous with the cuboidal epithelium of the proximal
convoluted tubule (Fig. 6).

FiG. 6. Renal glomerulus with proximal and distal convoluted tubules. Bowman’s
capsule is continuous with the proximal convoluted tubule at the urinary pole
while at the vascular pole the afferent and efferent arterioles may be seen. ( x 300)



