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Foreword

This work presents the entire urogenital system in a methodical and thorough fashion.
It is a highly topical book given that the progress achieved by diagnostic imaging in
this body system has profoundly changed our way of operating and examining
urogenital disease.

The most evident example of this change in diagnostic imaging is intravenous
urography. Until a few years ago this technique was considered the reference
examination for many renal and urinary tract diseases, whereas today it has largely
been replaced by ultrasonography, CT urography and MR urography.

This is not to suggest that urography has completely disappeared from the
radiologic scene, because its imaging characteristics can be transferred to CT
urography and MR urography. It is however clear that the CT and MR studies are able
to provide - in a single examination - information regarding the renal parenchyma
and the collecting system, the adjacent organs and structures, and functional and
vascular characteristics, all of which cannot be captured in a simple urographic
examination.

This change has come about not only in intravenous urography, but also in other
forms of imaging of the urinary tract, such as antegrade and retrograde pyelography,
which today is limited to only a few and principally interventional or intraoperative
applications. However, the most important change in the imaging of the urogenital
system, as with other organs and systems, is the broadening of the diagnostic imaging
spectrum. Today the radiologist is involved on a number of fronts, from diagnosis -
intended as the identification of a lesion, its characterization and, in the case of
oncologic disease, its staging - to prognosis and follow-up. Added to these are
functional evaluations such as can be obtained with Doppler ultrasonography,
spectroscopy and dynamic studies with contrast media.

In this work Olivetti and Grazioli manage to provide thorough and up-dated
information on all of these aspects, with a highly topical and modern interpretation
of contemporary radiology of the urogenital system.

The book is divided into nine sections, beginning with the anatomy of the urinary
tract which is accompanied by excellent illustrations, some of which can be found in
the later chapters. The presentation of normal anatomy is followed by radiologic
anatomy, which includes urography, angiography, standard ultrasonography, color
Doppler and contrast enhanced ultrasonography, computed tomography complete
with CT urography, magnetic resonance with MR angiography and MR urography.
This is followed by chapters on the normal human anatomy and radiologic anatomy
of the male and female reproductive systems which, are organized in the same way as
the previous chapters.

The following sections deal with clinical features and imaging of the various organs
and systems. Particularly worthwhile in terms of content and images are the sections
dedicated to malformations, lithiasis, and renal and urinary tract neoplasms. In the
oncologic setting special attention is paid to the problems associated with tumor
recurrences in the male and female reproductive systems. Similarly interesting and
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topical is the section on female pelvic floor dysfunction and its evaluation with new
technologies. The last section deals with interventional radiology in its various forms
and includes chapters on biopsies, the treatment of varicocele, drainage and
embolization.

My sincere congratulations go to Olivetti and Grazioli for this fine book which
clearly reflects not only their professionalism, but also their passion and enthusiasm
for our discipline.

Verona, February 2009 Prof. Roberto Pozzi Mucelli
Radiology Section
University of Verona




Preface

Like every book worth its salt, Imaging of Urogenital Diseases: A Color Atlas has the
obligation of a preface. This was the warm suggestion of the publisher and so it was
decided.

After a year of solid commitment, L.O. and L.G. face this final task with relief, a task
which is the most demanding and thankless of the entire book. It forces them to
justify (first and foremost to themselves) the reasons which prompted them to write
a medicine book, and especially on a topic like the urogenital system, which is not
nearly as popular as, for example, the thorax or liver.

On the back cover the reader will probably have discovered that this book aims to
fill a gap in medical publishing by presenting in a single volume the state of the art in
clinical practice and diagnostic imaging of a disease spectrum of undisputed
incidence and social importance and therefore of great interest. At least that is how it
seems to the two editors. During their undergraduate studies one dreamt of becoming
a gynecologist, the other a urologist. Both ended up radiologists, with some regrets...
financial regrets first and foremost.

Perhaps this is one of their primary motivations: the aspiration, having passed fifty
years of age (even though L.G. obstinately points out that he falls short of that mark
by a few months), to regain possession by an alternative route of a specialization they
wanted to practice when they were (somewhat) younger. Added to this is a touch of
narcissism, a bit of boredom with the daily clinical routine (with no intention of
belittling its importance) and the presumption of being able to write something
different, or at least the same things in a different way, by exploiting their experience
and extensive image bank (only a portion of which is reproduced here) acquired
throughout their lengthy activity, and recently reorganized for conferences and
courses held in Cremona and Brescia.

Looking back over the drafts, L.O. and L.G. believe they are offering the reader (but
the reader will be the final judge) a splendid work. To be honest, they could have done
better (one always can) if more time had been available and not stolen from their
respective families, to whom this book is also dedicated.

In the certainty, as is always the case, that no-one will read this preface (the book,
hopefully, will be read by many), L.O. and L.G. bid their volume farewell and wish it
luck.

“To diagnose the presence of a bladder stone, Rolando advises: the doctor should seat
the patient on his own lap. With the left hand, introduce two fingers into the patient’s
anus. Then with the right fist strongly compress the bladder region. If you feel a hard
mass, it is a stone. If you feel a fleshy mass, then this is obstructing urination.
Avicenna advises palpating the anus of a virgin, the vulva of a deflowered woman”.
(Penso G., 1991, La medicina medioevale, p. 296)

Have we written something new and more up-to-date?
L.O. and L.G. look at each other, smile and nod with satisfaction.

Cremona and Brescia, February 2009 Lucio Olivetti and Luigi Grazioli




Note for the Reader

The topics covered are classified according to the colored box surrounding the page
number, as follows:

- Anatomy

Clinical Medicine
Imaging

- Interventional Radiology
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Urinary System:

Normal Gross and Microscopic
Anatomy

L. Olivetti, G. Marchetti

The urogenital system can be divided into two functionally different units, the urinary
system and the reproductive system, which are nonetheless closely related in terms
not only of anatomy but also of embryology. In fact both develop from the same prim-
itive cell mass, the intermediate mesoderm situated along the posterior wall of the
abdominal cavity, and the excretory ducts of both systems initially have a common
outlet, the cloaca. Despite their close relationship, it would appear opportune to treat
them separately.

Embryology

During gestation three partly overlapping but different systems are formed in a
distinct craniocaudal and temporal sequence: the pronephros, the mesonephros and
lastly the metanephros or definitive kidney (6th week of gestation). Initially situated at
the lumbosacral transition, the metanephros later migrates cranially in relation to the
development of the organ, especially with the rapid increase in the length of the vert-
ebral column.

Once the definitive kidney has been formed the ureteric bud of the mesonephric
duct and the metanephrogenic blastema cooperate. The former gives rise to the ureter,
the pelvis, the calices and the collecting duct system, while the latter develops into the
renal tubules, and then the nephrons.

During the 4th and up to the 7th week of gestation the terminal portion of the post-
erior intestine, the cloaca, is subdivided by a septum forming the anorectal canal
(posterior) and the primitive urogenital sinus (anterior). The primitive urogenital
sinus later subdivides into a larger upper portion, the future urinary bladder, and a
smaller lower portion, the definitive urogenital sinus. In males the latter in turn
develops into a small pelvic portion forming the inferior part of the prostatic urethra,
and a longer phallic component which later gives rise to the spongy urethra. In
females the inferior portion of the primitive urogenital sinus gives rise to a small
portion of the urethra, the inferior fifth of the vagina and the vestibule.

Sandler TW (2009) Langman’s medical embriology. 11th edn. Wolters Kluwer, Lippincott
Williams & Wilkins, Baltimore

Normal Anatomy
Kidney
The kidney lies retroperitoneally at the level of T12 to L3 vertebrae, is connected to the

perirenal fascia by collagen bundles and surrounded by perirenal fat. It measures
around 12 cm in bipolar diameter, 6 cm in width and 2.5 cm in thickness. In males it

L. Olivetti, L. Grazioli (eds.), Imaging of Urogenital Diseases,
© Springer-Verlag Italia 2009
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weighs 125-170 g and in females 115-155 g. It is subdivided into 8-10 lobes, each of
which is composed of around 1 cm-thick overlying cortex and a renal pyramid, the
apex of which (papilla) opens into a minor calix. The lobulations, which are particu-
larly appreciable in neonates, disappear from the surface of the kidney in adulthood,
but clearly remain as internal subdivisions. The renal columns of Bertin are the exten-
sion of the cortical tissue between the medullary pyramids (Figs. 1.1, 1.2). The renal
capsule is covered by fat, which is in turn surrounded by a condensation of retroperi-
toneal connective tissue, the perirenal fascia of Geruta.

The external surface is covered with a capsule composed of two layers. The internal

Fig. 1.1. Anatomic diagram of an axial plane passing through the renal hilum. The figure shows the position of
the kidney in the perirenal space bounded by the anterior (arrowheads) and posterior (arrow) perirenal fascia. The
anterior and posterior pararenal spaces are also shown (asterisks)

Fig. 1.2. Coronal anatomic diagram of the right kidney. The figure shows the cortex (), the renal columns (R()
and the pyramids (P) with the minor calices opening at the apex of the latter
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fibroblastic layer cannot easily be dissected from the underlying nephrons, whereas
the outer, thicker, collagenous layer can more readily be stripped, as may occur in
closed abdominal trauma.

An important component, but one which is rarely emphasized as a pathway of
tumor spread, is the renal sinus. Located on the medial aspect of the kidney it contains
the renal calices, a variable portion of the pelvis, the major vessels and the nerves, the
latter composed of adrenergic fibers arising from the celiac plexus. These anatomic
structures are surrounded by abundant richly vascularized connective tissue which is
continuous with the perirenal fat and not separated from it by a capsule, in contrast to
the convex lateral margin.

The calices are divided into major and minor. Each minor calix is indented by a renal
papilla, which in number are the same as or less than the number of renal pyramids,
since two or three papillae may be fused together (in which cases the papilla forms the
common apex of more than one pyramid). The major calices (superior, middle and
inferior) are formed by the merging of the minor calices, and in turn merge in the
pelvis. There are notable interindividual variations in the morphology of the calices
and the pelvis, the two opposite extremes being the ampullary and ramified types.

Vascularization is typically provided by a renal vein and a renal artery, which
arborizes in the renal sinus supplying the parenchyma in such a way that each
nephron (each kidney contains 1-2 million nephrons) is a self-contained functioning
unit with its own blood supply and filtration system.

The lymphatic vessels, which are numerous in the renal cortex, are absent in the
medulla. Drainage occurs via the renal sinus and from here to the lymph nodes adja-
cent to the aorta and the inferior vena cava.

In microscopic anatomy the kidney is a compound tubular gland. The functional
unit, the nephron, is undoubtedly the most complex secretory unit of the human
body. It is a long epithelial tubule which begins with the renal glomerulus and, after a
convoluted course in the cortex and the medulla, terminates by emptying into the
collecting duct system. Histologically, a normal kidney is therefore composed of
glomeruli, tubules, interstitium and vessels.

The basic filtration unit of the kidney - the glomerulus - is regularly spherical in
shape with a diameter varying from 150 to 200 micron. It is surrounded by a capsule
(Bowman’s capsule) composed of a urinary pole, with the proximal convoluted
tubule, and a vascular pole, with the afferent arteriole and efferent arteriole (Fig. 1.3).
The afferent arteriole branches to form the glomerular capillary network, like a mush-

Fig. 1.3. Photomicrograph of renal cortex. Numerous glomeruli (arrowheads) are clearly visible. Hematoxylin-
eosin stain, x 200
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room projecting into the lumen of the glomerular capsule. The capillary network is
made up of interstitial mesangium and endothelial and epithelial cells organized
around a basement membrane known as the basal lamina.

The glomerular filtrate collected in the capsule is sent to the renal tubule. This is
made up of the proximal convoluted tubule followed by the loop of Henle, which
consists of a thin descending limb and a thick ascending limb running parallel to each
other and joined by a sharp-angled apex. The glomerular filtrate continues along a
tortuous course, which, despite being shorter than the proximal tract, is justifiably
known as the distal convoluted tubule. The filtrate then reaches the collecting ducts.
These unite to form the papillary duct there are 20-25 of these, which each open into
the peak of one of the renal papillae.

Ureter

In the normal adult the ureter measures around 30 cm in length and 5 mm in diam-
eter. It lies retroperitoneally and runs inferomedially such that it inserts into the
urinary bladder several centimeters from the controlateral ureter (Fig. 1.4).

The ureter can be divided into three segments: abdominal, pelvic and intramural.
The middle segment has anatomic relations which are obviously different in males
and females. In females it lies continuously with the uterine artery, which renders
the ureter vulnerable to injury (risk of ligation) during surgical procedures on the

Fig. 1.4. Coronal anatomic diagram of the lumbar and pelvic course of the ureters. The figure shows their rela-
tions with the iliac (asterisks) and gonadic vessels (arrowheads)
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Fig. 1.5. Coronal anatomic diagram of the pelvic course of the ureters. The figure shows the ureters crossing the
uterine vessels (arrowhead)

reproductive organs (Fig. 1.5). The 1.5 cm - long intramural tract has an identical site
and course in both sexes. It runs obliquely through the wall of the urinary bladder,
crossing its various layers anteroinferiorly up to the mucosa raised in a fold - which is
visible in the lumen of the urinary bladder.

The ureter is also characterized by two physiologic constrictions (isthmuses), the
first shortly after its origin at around 7 cm from the renal hilum and the second situ-
ated where it crosses the pelvic brim.

The microscopic anatomy of the ureter reveals the typical stratification of hollow
organs. It is composed of a mucous layer, a submucous coat and a muscular wall,
which in turn is covered by fibrous adrentia. In contrast to the urinary bladder, the
ureteral mucosa is normally arranged in folds from which rounded aggregates of cells
may be avalsed into urinary specimens during ureteroscopy (these papillary clusters
may the cause of diagnostic confusion in the differential cytologic evaluation of low-
grade urothelial tumors).

Urinary Bladder

The urinary bladder is situated extraperitoneally. An understanding of urinary
bladder disease requires an anatomic description of the trigone of the bladder, a trian-
gular region whose anterior apex is represented by the internal urethral orifice and
whose posterior base is formed by the two ureteric orifices. The latter have a major
oblique axis converging towards the medial line and are characterized by the presence
of a posterior fold which, as the bladder fills, presses the walls of the ureters, thus
partially acting like a valve (Fig. 1.6). Posterior to the trigone the interureteric ridge,
which is formed by the submucosal oblique intramural course of the ureters, delimits
the bladder bed. In elderly males this may be lower than the trigone. This position is
accentuated in prostatic hypertrophy, where the urethral orifice is not the lowest point
of the bladder, thus leading to incomplete emptying.

The relations of the bladder with the reproductive organs are anatomically important.
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Fig. 1.6. Coronal anatomic diagram of the urinary bladder in a female subject. The figure shows the ureteric
orifices (arrowheads) and the relations between the urethra and the urogenital diaphragm

Fig. 1.7. Sagittal anatomic diagram of the pelvis in a male subject. The figure shows the anatomic relations of the
urinary bladder with the prostate (P), the seminal vesicles and the rectum (R)

In males the bladder is related to the prostate, the seminal vesicles and the distal
segments of both ductus deferens, through which the fundus, when distended, comes
into contact with the rectum (Fig. 1.7). In females the bladder is closely related to the
uterus which rests on the apex of the bladder. The serous peritoneum covers the supe-
rior surface of the bladder and is reflected on the anterior surface of the uterus. There
is therefore a peritoneal space between the two organs, such that the uterus may be
easily raised from its contact with the bladder. The fundus of the bladder is continu-
ously related with the cervix up to the level of the fundus of the vagina. These struc-
tures separate the bladder from the rectouterine pouch and the rectum, which there-
fore is not in contact with the bladder (Fig. 1.8).

The bladder wall, the thickness of which varies from 3-4 mm when distended to
10-15 mm when empty, consists of a mucosa (transitional epithelial tissue), submu-
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Fig. 1.8. Sagittal anatomic diagram of the pelvis in a female subject. The figure shows the anatomic relations of
the urinary bladder with the vagina and the uterus. The asterisk indicates the vesicovaginal septum

cosa, muscolaris propria and adventia. The muscular coat is particularly developed
and forms the detrusor muscle of the bladder. This is made up of three ill-defined
layers which are not of uniform thickness. At the level of the trigone the musculature
is thicker and has different characteristics to the other regions (the bundles are more
compact and barely separated by connective tissue) such that it has been identified as
a distinct structure known as the trigonal muscle.

Urethra

In the adult male the urethra is a muscular tube with an average length of 18-20 cm.
Only in its proximal segment does it exclusively convey urine (urinary urethra, which
corresponds to the entire female urethra). Distally, from the seminal colliculus (or
verumontanum), i.e. the opening of the ejaculatory ducts to the urinary meatus, the
urethra also conveys sperm (common urethra). In relation to the adjacent organs, the
urethra is subdivided into three segments: prostatic, 3-3.5 cm in length; membra-
nous, 1-1.5 cm in length, which includes the urogenital diaphragm; and spongy,
13-15 cm in length, which is contained in the corpus spongiosum and in turn is
divided into bulbous and pendulous urethra (Fig. 1.9).

The female urethra (Figs. 1.6, 1.8) is a tubular structure 4-5 cm in length, arising
from the urinary bladder, which opens into the anterior part of the vestibule of the
vagina. The narrow lumen at its extremity, where it measures 7 mm, can easily be
dilated allowing a surgeon to introduce instruments as large as 2 cm in diameter.

Microscopically, in the adult male the mucosa of the prostatic and membranous
parts of the urethra is essentially composed of transitional epithelium, although there
are also areas of prostatic epithelium. In the spongy part, the layer consists of
pseudostratified or squamous epithelial tissue.

The submucous coat contains the bulbourethral and periurethral glands. Moving
distally along its course the urethra is surrounded by the musculature of the bladder
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Fig. 1.9. Coronal anatomic diagram of the male urethra. The figure depicts the prostatic (P), membranous (M)
and spongy (bulbous portion) () parts

neck, the prostate, the urogenital diaphragm (external sphincter), and lastly the corpus
spongiosum of the penis.

The female urethra is composed of three layers: mucous, submucous and muscular.
The mucosa consists of the transitional epithelium of the urinary tract in its superior
part and pavement epithelium similar to that of the vestibule of the vagina in its infe-
rior part. It rests on a supporting layer of loose connective tissue abundant with elastic
fibers. The mucosa contains small mucous-secreting acinar glands similar to the
glands of the male urethra. The submucous layer is made up of connective tissue
vascularized by a fine plexus of thin-walled veins. The muscular layer consists of an
internal layer of smooth muscle (longitudinally and circularly arranged muscle fibers)
and an external sleeve of striated muscle (external sphincter) which from the perineal
trigone that surrounds the urethra immediately below the urinary bladder.

Agur AMR, Dalley AF (2005) Atlas of anatomy. 11th edn. Lippincott Williams & Wilkins,
Baltimore

Martini F, Timmons M], Tallitsch RB (2008) Human Anatomy. 6th edn. Benjamin-Cummings
Publishing Company, San Francisco

Murphy WM, Grignon D], Perlman EJ (2004) Tumors of the kidney, bladder, and related uri-
nary structures. American Registry of Pathology, Washington DC

Sandler TW (2009) Langman’s medical embriology. 11th edn. Wolters Kluwer, Lippincott
Williams ¢ Wilkins, Baltimore




Urinary System:

Normal Radiologic Anatomy

L. Olivetti, L. Grazioli, G. Voltini

Radiographic Anatomy

Under normal conditions plain film radiography of the urinary system only provides
information regarding the level of the kidney areas, since the perirenal fat, particularly
in obese subjects, provides natural contrast to the kidneys. The examination can
determine the site, dimensions, shape and contours, parameters which are susceptible
to slight interindividual variation.

The right kidney is generally located in a position slightly lower than the left kidney.
In the radiograph with the patient supine the upper pole is located at the 12th thoracic
vertebra, whereas the lower pole, with slight variations in different cases and on the
two sides, extends to the level of the 3rd-4th lumbar transverse process. The normal
mobility of the kidneys in the craniocaudal direction is limited. In the supine position
with normal respiration it is around 2-3 cm and can reach 5-10 cm with a deep
breath. In the upright position the kidney descends about one vertebral level. In the
lateral view, the kidney overlies the vertebral column, which may lead to the erro-
neous attribution of renal calcifications (calculi) to the vertebral column.

The long axis of the kidneys runs in a dorsolumbar, craniocaudal and mediolateral
direction, which is why in supine position AP views it appears shorter than it really is.
Average values measured radiologically are about 12.5-13 cm in male adults and
12-12.5 cm in females, with a cross-sectional diameter between 5.5 and 6.5 cm.

The shape has been likened to a bean with the medial border immediately beside
and parallel to the psoas muscle. The contours are smooth, and any modifications are
due to the relations with the spleen and especially the liver, in which case the upper
pole appears smaller and the lower pole more squat.

In plain film radiographs the ureters are not visible, whereas the urinary bladder, if
distended with urine, appears as a slightly radiopaque rounded shadow with no
intrinsic clinical value.

The injection of water-soluble iodinated contrast medium allows functional infor-
mation at the level of the kidneys to be obtained and especially enables the morpho-
logic appearance of the urinary tract to be evaluated.

Under normal conditions, the ultrafast injection of contrast medium during a
urographic examination produces a nephrographic effect (following the accumulation
in the renal tubules of contrast medium filtered through the glomeruli and concentrated
in the tubules themselves) within 30-60 s and is sufficient for 10-15 min, thus enabling
detailed study of the renal parenchyma. The opaque urine appears after 2-3 min, with
no substantial differences between the two sides. At 5 min the renal cavities are well
opacified. Maximum intensity is achieved at about 15 min and is maintained for up to
40-45 min, after which it progressively decreases and then disappears completely.

The nephrographic effect, i.e. the parenchymal opacification of the kidney, is better
able to define the morphologic features already described in the plain film examina-
tion.

L. Olivetti, L. Grazioli (eds.), Imaging of Urogenital Diseases,
© Springer-Verlag Italia 2009
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In the excretory phase the urinary tract can be evaluated. Even though the collecting
systems are subject to slight morphologic variation, the prevailing anatomic profile
can nonetheless be described. The kidney can be seen as made up of many simple
kidneys, each of which corresponds to a renal pyramid, the apex of which (papilla)
opens into a minor calix (the number of calices, therefore, depends on the number of
papillae, which can, however, be less than the number of renal pyramids since 2-3
papillae may empty into a single calix). The fornix, i.e. the part of the calix which
surrounds the papilla, is more or less crescent shaped in relation to the extent to
which the calix projects around the pyramid, and thus may have a circular appearance
with an indentation in the center corresponding to the papilla. The major calices,
formed by the merging of the minor calices, are generally three in number (superior,
middle and inferior) and merge in the renal pelvis, which can be bifurcated, trifur-
cated or ampullary in appearance. In an AP view with the patient supine, the renal
pelvis (the major axis of which is oblique lateromedially and posteranteriorly) is
generally located at the level of the 1st lumbar transverse process, whereas the
pyeloureteric junction, situated posteriorly, is located at the level of the 2nd lumbar
transverse process. In the lateral view the renal pelvis projects onto the lumbar verte-
bral column. In the event of a pyelotomy, the position of the pelvis in relation to the
renal parenchyma can be determined thanks to a line which ideally joins the base of
the superior and inferior calices and in relation to which the pelvis is either lateral
(and therefore intrarenal) or medial (and therefore extrarenal). The renal pelvis has a
capacity of 6-8 mL, but in ascending pyelography there may be the onset of pain indi-
cating overdistension after the injection of 2-5 mL (Fig. 2.1).

Fig. 2.1a-c. Urography. Kidney. a Plain film radiography. The kidneys (arrowheads) can be identified thanks to the natural contrast
provided by the perirenal fat. b Nephrographic phase. The uniform enhancement provided by the contrast medium displays the
morphology of the kidney. c Excretory phase. Detailed visualization of the pyelocaliceal cavities. The arrow indicates the papilla.
C, major calix; Ca, minor calix; P, pelvis
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Fig. 2.2. Urography. The image shows the
three segments of the ureter: lumbar (7),
pelvic (2) and intramural (3). The bladder is in
the filling phase

With an average diameter of 3-5 mm the ureters overlie the psoas muscle running
alongside the transverse processes of the lumbar vertebrae. Passing over the pelvic
brim they run posteroinferiorly on the lateral walls of the pelvis. They then curve
anteromedially and insert into the urinary bladder. The can be divided into three
parts (lumbar, pelvic and intramural) with three physiologic constrictions: the first
(isthmus) at the pyeloureteric junction, the second where it crosses the iliac vessels,
i.e. at the level of the innominate line (border between the lumbar and pelvic parts),
and the third where it enters the urinary bladder (Fig. 2.2).

The appearance of the urinary bladder depends largely on the degree of filling. In
the initial phase, in the AP view, it has the shape of a more-or-less deflated vessel. As
it distends, the superior concavity is gradually reduced until it disappears completely.
In the middle filling phase it takes on the appearance characteristic in males and
females. In the former it is rounded, whereas in the latter it is oval shaped, with the
transverse diameter being prevalent and the superior border tending to flatten, which
in the elderly woman appears sunken in the middle due to the extrinsic impression of
the uterus (the bladder in the child often has a tapered appearance). As it fills, the
urinary bladder distends eccentrically: since the urethral orifice and the bladder bed
are fixed, expansion occurs prevalently in the superior, posterior and lateral direc-
tions (Fig. 2.3). Emptying begins with contraction of the detrusor muscle and relax-
ation of the perineum. At this point the bladder changes shape as it moves down-
wards and slightly backwards.

The male urethra, which can be visualized during voiding cystourethrography
(Fig. 2.4) or better still with retrograde urethrography (Fig. 2.5), is around 16-20 cm in
length with a varying diameter in the three parts: prostatic (where the stricture of the
seminal colliculus is evident), membranous (the most fixed and slender part), and
spongy, which can be further subdivided into bulbous and pendulous. Within the
corpus spongiosum the urethra presents two distensions: the first prior to the root of
the penis (intrabulbar fossa) and the second corresponding to the navicular fossa.
Along its course it presents a double curve: the proximal subpubic curve (from the
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Fig. 2.3a-c. Urography. The image shows the bladder
asslightly distended in the AP view and fully distended in the b AP
and c lateral views. Note the eccentric expansion of the organ

internal urethral orifice to the urogenital diaphragm) is concave forwards and
upwards, while the second prepubic curve is concave downwards and backwards and
of practically no importance.

The female urethra has an average length of 4 cm and corresponds to the membra-
nous and prostatic parts of the male urethra. Its course runs downwards and
forwards.

Witten DM, Utz DC, Myers Gm (1998) Emmett’s Clinical Urography. WB Saunders Co.,
Philadelphia
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Fig. 2.4. Voiding cystourethrography. The
male urethra is visualized during voiding with
excellent enhancement of the prostatic
segment (arrowhead)

Fig. 2.5. Retrograde urethrography. This
technique provides a more detailed visualiza-
tion of the bulbar (asterisk) and cavernous
(asterisks) segments of the male urethra. The
prostatic segment is less well defined

Angiographic Anatomy of the Kidney

The kidney is a highly vascularized organ. Knowledge of the normal vascular anatomy
is fundamental for an understanding of the vascular expression of kidney diseases,
both parenchymal and, more specifically, vascular.

The normal renal arteries arise at the level of the intervertebral disc between L1 and
L2 vertebrae or at the level of the inferior part of L1, since the right vessel usually has
a higher origin than the contralateral vessel and slightly greater length, due to the left
paramedial position of the aorta. In angiography the diameter ranges from 5 to 7 mm.
Between 15% and 20% of subjects present supernumerary renal arteries which are
more common on the left side and arise from the abdominal aorta, or less commonly
from adjacent arteries. These accessory vessels may enter the kidney through the
hilum or any part of the renal surface. Each artery divides close to the hilum into two
main branches - ventral and dorsal — which supply the anterior and posterior inter-
polar part of the kidney, respectively. The main arteries in turn divide into segmental
arteries that are end arteries. Each segmental artery is distributed to its own well-
defined segment which cannot be supplied by preexisting collateral vessels (Fig. 2.6).

Due to the rotation of the kidney on its longitudinal axis, the urographic and angio-
graphic AP view commonly used tends to depict the lateral border as a part of the
ventral surface of the organ. Therefore, the peripheral branches of the dorsal artery
terminate more medially than those of the ventral artery. As a result, in the analysis of
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Fig. 2.6. Angiography. Femoral approach. Selective catheterization of the right renal artery. The image precisely
depicts the main ventral and dorsal arteries and the segmental branches. The arrow indicates an upper polar artery

a renal arteriogram, an artery whose branches reach the lateral margin of the kidney
may be erroneously identified as a ventral artery.

At the level of the renal sinus, the branches of the ventral artery never cross over
each other, and the same is true for the dorsal artery. In contrast, overlapping of the
two arteries is characteristic in the renal sinus. Therefore, if an arteriogram fails to
show the two vessels crossing each other, two conclusions can be drawn: involuntary
selective injection of the dorsal or ventral artery (the latter is usually more robust and
continuous with the renal artery) or occlusion of the nonvizualized branch.

On the basis of the vasculature, four segments can be identified: (1) upper polar,
supplied in 50% of cases by both the ventral and dorsal arteries, in 20% by only the
dorsal, in 10% by only the ventral, and in the remaining 20% of cases by segmental
branches arising from the renal artery prior to its subdivision; (2) anterior interme-
dial, supplied by the ventral artery; (3) posterior intermedial, supplied by the dorsal
artery; and (4) lower polar, supplied in 60% of cases only by the ventral artery, in 20%
of cases prevalently by the same vessel and in the remaining 20% of cases by the dorsal
artery in the posterior part and the ventral artery in the anterior part.

Saadoon K (1991) Atlas of normal and variant angiographic anatomy. WB Saunders Co.,
Philadelphia, pp 387-428

Ultrasonographic Anatomy

Unlike computed tomography, ultrasonography (US) is unable to visualize the
connective fascia surrounding the anatomic site of the kidney for several reasons.
These include slight difference in acoustic impedance between connective tissue and
retroperitoneal fat, the absence of sufficient adipose tissue in thin subjects in whom
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high-frequency transducers could be used, and at the other extreme the abundance of
adipose tissue in larger patients in whom the use of high-resolution transducers
becomes impossible. Nonetheless, US is able to define a number of normal parame-
ters. In particular, in axial and sagittal scans on the right side it can be used to identify:
(a) a single hyperechoic interface (more characteristic in thin subjects) consisting of
the peritoneum, the pararenal fat and the anterior perirenal fascia, the anterior
perirenal fat and the renal capsule; (b) a hyperechoic dual interface (the anterior layer
being the peritoneum and the posterior the renal capsule), separated by a more-or-
less thick hypoechoic layer composed of pararenal and anterior perirenal fat.

The relations with the adjacent organs are described with appropriate scans: poste-
rior oblique longitudinal scan (POLS) for the suprarenal gland, which on the right side
can be better evaluated with an anterior axial scan (AAS); anterior longitudinal scan
(ALS) and lateral longitudinal scan (LLS) together with POLS for the liver; LLS and
POLS for the spleen; posterior longitudinal scan (PLS) to study the relations between
the tail of the pancreas and the anterior polar surface of the left kidney. PLS is able to
precisely define the relations between the left kidney and the aorta and the relations
between the right kidney and the inferior vena cava (the latter can also be evaluated
with AAS).

Thanks to its multiplanar characteristics, which are superior to other imaging
modalities, US is able to precisely evaluate the real volume of the kidney. In the adult
the average diameter is 10.3 cm on the right and 10.4 cm on the left (SD 0.88), dimen-
sions which on average are 30% less than those measured radiologically.

US morphology clearly varies according to the scan used. If the kidney is normally
positioned, the ALS and PLS performed along the greater long axis do not cross the
hilum and the kidney appears ellipsoid in shape, with a continuous parenchymal ring
whose anterior margin appears more convex and posterior margin more rectilinear
(Fig. 2.7a). In LLS, the shape is closer to that seen in radiographic AP views, with the
lateral margin convex and the medial margin rectilinear or slightly concave. In POLS
the ultrasound beam passes through the renal hilum: the parenchymal ring at the
hilum appears discontinuous with evidence of superior and inferior tubules, while
the lateroposterior margin is clearly convex (Fig. 2.7b). In AS, the renal parenchyma is
visualized as a complete ring interrupted only at the level of the hilum, which appears
bounded by the anterior and posterior lips (Fig. 2.7¢).

Between the peripheral hyperechogenicity of the capsule and the central hyper-
echogenicity of the sinus is the renal parenchyma, with echogenicity lower than the
liver and the spleen. Externally the morphology is that described above regarding the
kidney in general, whereas internally it is characterized by the presence of the pyra-
mids and the septa or renal columns. The latter are usually best visualized in young
subjects and in scans which do not cross the more central part of the sinus.

In the parenchyma, US can distinguish the cortex, which is weakly more reflective,
and the medulla, which is anechoic. These features are best appreciated in the right
kidney (ALS), and especially in young subjects. In the child, where the echogenicity is
generally greater than in the adult, the two parenchymal components are always iden-
tifiable. The arch-shaped vessels appear as hyperechoic spots between the cortex and
the base of the pyramids.

Under normal conditions hypertrophy of the renal columns can be visualized at the
level of the middle third of the kidney with an echogenicity similar to the remaining
parenchyma which extends into the renal sinus, at times dividing it into two halves,
the inferior half of which is generally prevalent (this condition is associated with a
duplex collecting system). Depending on the scan plane, mid-renal columnar hyper-
trophy can produce hypoechoic pseudonodular images, giving the echogenicity of the
renal sinus the appearance of a pseudotumor. The correct identification of this condi-
tion is based on the recognition of the normal parenchyma and especially the two
pyramids which define the columnar hypertrophy.

Other anatomic variations which may be commonly encountered are fetal lobula-
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Fig. 2.7a-c. Ultrasonography. Kidney. a Anterior longitudinal scan. The cortical ring (asterisks) appears contin-
uous. b Posterior oblique longitudinal scan. The cortical ring (asterisks) appears interrupted at the level of the renal
hilum (arrow). ¢ Anterior axial scan. The kidney is cut along the short axis. The sonogram shows the cortex (aster-
isks), the pyramids (arrowheads) and the renal sinus (arrow)

tions and notches, the parahilar line and the hyperechoic triangle, hypertrophy of the
tubules and lips, and the dromedary hump kidney.

The renal sinus is a hyperechoic structure between the pelvis and the renal
parenchyma. Its morphology, which is conditioned by the parenchyma, varies
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according to the US approach adopted, being ovular in LS, horseshoe-shaped at the
level of the hilum in AAS and circular above and below it. In neonates and children
the sinus is less reflective due to the lack of fibrous tissue. In relation to its greater
compliance in these subjects, dilatation of the urinary tract is easier to identify, even
in the presence of only slight distension of the bladder. In contrast, under normal
conditions in adults the groups of calices whose lumens are closed cannot be identi-
fied in the central echoes of the renal sinus. However, the intrarenal collecting system
can become visible in adults, at least as branching anechoic structures, in the presence
of certain physiologic conditions which lead to water overload or stasis due to
overdistension of the urinary bladder.

One anatomic variant that is more common in the elderly patient is lipomatosis,
which is defined as an increase in the dimensions of the renal sinus, whose hypere-
choic structure expands peripherally at the expense of the parenchyma. With regard
to the hypoechoic pattern fat can display in the human body, some investigators have
conceded that lumps of lipomatosis can also be present in hypo-anechoic (i.e. non-
cystic) areas within the renal sinus. In fact, in adults and the elderly lymphatic cysts of
unknown pathogenesis commonly occur in the sinus, varying in number, dimension
and structure (not completely anechoic), which can lead to clinical suspicion of lipo-
matosis. A comparison with CT and sonographically guided percutaneous interven-
tional procedures has clarified the real cystic nature in such cases.

In the event of extrarenal development, the pelvis can be identified in the sinus or at
the hilum posterior to the vessels. In some physiologic conditions or anatomic vari-
ants the lumen of the pelvis is no longer virtual.

The renal vessels can be identified in AAS, although this is not always possible on
the left side due to disturbances caused by gastrointestinal gas.

Color Doppler and power Doppler help in the identification of the renal vessels and
enable the identification of the interlobular vessels, the arched-shaped vessels and
part of the interlobular circulation (Fig. 2.8).

The Doppler trace of the renal arteries in normal conditions is that typical of low-
resistance peripheral arteries supplying parenchyma, being characterized by a promi-
nent systolic peak and a well-represented diastolic curve. Beneath the systolic peak is
a window in which no Doppler signal can be detected, since flow is laminar. Nonethe-
less, even in normal conditions this window can in part be occupied, both by turbu-
lence created by the near right angle of the origin of the renal artery from the aorta
and by the reduced diameter of the vessel which influences the placement of the
sample volume near to the wall where flow is nonuniform. The peak systolic velocity
is usually less than 100 cm/s, but in some subjects, particularly the young, greater
velocities can be detected even in the absence of stenosis (Fig. 2.9a).

Even within the parenchyma the vessels are visible in both systole and diastole. This
indicates that the flow towards the parenchyma is continuous and low resistance,
which is confirmed by the spectral analysis where the end-diastolic velocity is equal to
one-half/one-third of the systolic peak (Fig. 2.9b). The normal arterial renal resistance
index is below 0.7 with bilateral values differing by no greater than 0.1

The right renal vein has a short straight course from the renal hilum to the inferior
vena cava and is ventral to the corresponding artery. The left renal vein is longer and
runs anterior to the corresponding artery and in most cases passes anterior to the
aorta, between the aorta and the superior mesenteric artery. Prior to emptying into
the inferior vena cava it is related for a short section with the right renal artery which
runs posteriorly. On two-dimensional US, the renal veins appear more-or-less
distended, partly in relation to respiratory dynamics, and the vessel walls present
pulsed motion transmitted by the adjacent arteries. The Doppler study shows contin-
uous intraluminal flow which may be pulsed. Cardiac pulsatility and respiratory
phasicity are more evident near to the outflow into the inferior vena cava.

The recent diffusion of second-generation US contrast media has made possible the
evaluation of parenchymal enhancement in a manner similar to CT and MR (Fig. 2.10).
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Fig. 2.8a-c. Color Doppler and power Doppler. Kidney. a Color Doppler and b power Doppler images show the
intrarenal vascular flow. ¢ Power Doppler can also provide a three-dimensional view of the parenchymal
vasculature
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Fig. 2.9a,b. Doppler trace. Renal artery, young male subject. a The image shows the systolic and diastolic
components of flow. b Intraparenchymal vessels. The resistance index (0.69) is the range of normal

Fig. 2.10a,b. Ultrasonography, dynamic study with contrast medium. a Baseline sonogram. b Arterial or corti-
comedullary phase. The typical intravascular distribution of the microbubbles of US contrast medium provides infor-
mation on the vascularization of different parenchymal components. Since the blood supply is greater to the cortex
than the medulla, the intense enhancement facilitates their differentiation
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In normal conditions the ureters cannot be assessed with US.

The urinary bladder can be correctly evaluated when distended. Its shape and size
evidently varies in relation to the degree of filling. When adequately filled, it has an
anechoic appearance which is ovoid in longitudinal scans and quadrangular in trans-
verse scans. Scans can identify the base (neck and trigone), dome and the posterior
and lateral walls, the thickness of which with the organ distended should not exceed
5 mm in normal adults and is generally 2-2.5 mm in children (Fig. 2.11). The walls are
echoic and with a high-frequency transducer three layers can be identified: a hypere-
choic external layer corresponding to the adventitia and the interface between the
bladder wall and the surrounding adipose tissue, a hypoechoic middle layer corre-
sponding to the muscular coat, and a hyperechoic internal layer corresponding to the
submucosa and mucosa (Fig. 2.12).

Fig. 2.11a,b. Ultrasonography. Urinary bladder. a Anteroposterior scan. b Lateral scan. In normal conditions the bladder appears
with thin regular walls and a perfectly anechoic lumen. U, uterus

Fig. 2.12a,b. Ultrasonography. Urinary bladder. With the use of a high-frequency transducer the different layers making up the
bladder wall can be distinguished, particularly in the detailed image (b): external, hyperechoic, corresponding to the adventitia and
the surrounding adipose tissue (arrowhead); middle, hypoechoic, corresponding to the muscle coat (curved arrow); internal, hypere-
choig, corresponding to the submucosa and mucosa (arrow). RAM, rectus abdominis muscle; B, urinary bladder
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Fig. 2.13. Ultrasonography. With the use of the color module
a jet from the urethral meatus can be identified (arrowhead).
B, urinary bladder

A typical feature at the level of the trigone and best viewed with color Doppler is
ureteric jet, i.e. the intermittent flow of urine from the ureteric orifice into the bladder.
The turbulence created by the ejection of urine from the meatus appears as a jet with
intravesical color and length between 3 and 5 cm. In normal conditions the jet is not
simultaneous on both sides and appears with an intermittent frequency varying from
5to 30 s (Fig. 2.13).

Rumack CM, Wilson SR, Charboneau JW (2004) Diagnostic ultrasound. 3rd edn. Mosly, St
Louis

Sethi D (2005) Ultrasound anatomy & normal appearance: a pratical aproach. Aushan,
Tumbridge Wells, Kent

Weil FS, Bihr E, Rohmer P et al (eds) (1987) Renal sonography. Springer-Verlag, Berlin

Computed Tomography Anatomy

Computed tomography (CT) is the best diagnostic imaging modality and is able to
define the anatomic position of the kidneys in the retroperitoneal space, which is
commonly divided into three compartments: anterior pararenal, perirenal and poste-
rior pararenal (Fig. 2.14).

The anterior pararenal space, which unlike the other compartments contains a
limited adipose component, and is situated between the posterior parietal peritoneum
and the anterior portion of the renal fascia. It contains the pancreas, the duodenum, the
ascending colon and the descending colon. Centrally it is continuous with the root of
the mesentery and the mesocolon. It terminates inferiorly at the height of the iliac crest,
where it communicates with the inferior retroperitoneal space (extraperitoneal
space).
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Fig. 2.14a,b. Computed tomography. Axial scan. Perirenal and pararenal spaces. a The anterior pararenal space (asterisk) is
bounded by the posterior parietal peritoneum (arrowhead) and the anterior perirenal fascia (arrow). The perirenal space (star) is
bounded by the anterior perirenal fascia and the posterior perirenal fascia (curved arrow). The posterior pararenal space (triangle) is
bounded by the posterior perirenal fascia and the transverse fascia, which covers the psoas and quadratus lumborum muscles, and is
only visible in its lateral portion. b The spaces are better defined when the fasciae are thickened. The unfilled arrow indicates the late-
roconal fascia

Fig. 2.15. Computed tomography. Axial scan. Perirenal space.
In this post-pyelonephritis patient bridging septa are visible
connecting the capsule and the fascia (arrowheads)

The perirenal space is bounded by the anterior and posterior renal fascia, which
blend laterally to form the lateroconal fascia. It contains the suprarenal gland, the
kidney and the renal adipose body. It may be divided into compartments by bridging
fibrous septa attached only to the renal capsule, connecting the renal capsule and the
pararenal fascia, or connecting the anterior and posterior renal fascia (Fig. 2.15).

The posterior pararenal space is bounded by the posterior and transverse renal
fascia. Medially it is bounded by the margin of the psoas muscle and is open laterally
towards the flank and inferiorly towards the pelvis. Unlike the two preceding spaces it
only contains fat. In thin subjects its visualization may prove difficult.

Coronal reconstructions provide the best visualization of the compartments, partic-
ularly in the upper polar and lower polar regions (Fig. 2.16).

The perirenal fat of the renal sinus enables clear definition of the parenchymal
margins of the kidney, which in nonenhanced images shows uniform structure with
attenuation values between 35 and 55 HU in relation to the hematocrit and degree of
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Fig. 2.16a,b. Computed tomography. Coronal reconstructions. Kidney area. The renal fascia (arrowheads) are visible as hyperat-
tenuating thin lines. The asterisk indicates the perirenal space

hydration of the subject. Focal areas of increased attenuation (60-70 HU) due to
reduced hydration and an increase in the concentration of urinary solutes may be
observed at the level of the papillary apices.

Renal enhancement is evaluated during a dynamic study after the injection of
100 mL of contrast medium, generally at an injection rate of 3 mL/s. Three phases can
be identified: corticomedullary (at 25-70 s), during which the renal cortex displays
enhancement (with peaks = 120 HU) much greater than that of the slower medulla,
thus enabling their differentiation; nephrographic (at 80-180 s), during which the
renal parenchyma becomes uniform; and excretory (>180 s), during which the
collecting systems are opacified (Fig. 2.17).

CT and MR are the best techniques for confirming and documenting the presence of
anatomic variants such as mid-renal hypertrophy, malrotation, horseshoe kidney and
ectopia. The course of the nondilated ureter can be visualized with certainty after
contrast enhancement.

The ureter may originate from the renal pelvis at the level of L2 and run across the
surface of the psoas muscle, accompanied by the gonadic vessels which it later crosses
at the level of the pelvic entrance. In males, at a site shortly before the meatus, it is
located between the bladder and the seminal vesicles, whereas in females the ureter
runs 1.5-2 cm laterally to the cervix and is crossed by the uterine vessels.

The size, shape and thickness of the bladder walls vary according to the degree of
distension. In axial images the dome and fundus are poorly defined due to partial
volume effect, which can be avoided with thinner sections. The position of the ureteric
orifices is usually difficult to define, but their localization can be aided by the identi-
fication of ureteric jet, described above. CT is unable to differentiate the different
layers of the wall (Fig. 2.18).

High-definition three-dimensional CT reconstructions are able to visualize the cavi-
ties of the collecting system with a definition very similar to urography. They can also
be used for a highly detailed anatomic study of the renal arteries (Figs. 2.19, 2.20).

Schild HH, Schweden FJ, Lang E (eds) (1992) Computed tomography in urology. Georg
Thieme Verlag, Stuttgart-New York
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Fig. 2.17a-d. Computed tomography. Multiphase dynamic study. Kidney. a Baseline image. The cortex and medulla cannot be
differentiated. b Arterial or corticomedullary phase. Greater enhancement of the cortex than the medulla. ¢ Venous or nephrographic
phase. Uniform hyperattenuation of the renal parenchyma. d Excretory phase. Enhancement of the pyelocaliceal cavity (arrowhead)

Fig. 2.18a-c. Computed tomography. Urinary bladder. The wall is thin
and better visualized when the bladder is distended with urine (a) rather
than contrast medium (b, ). Unlike US and MR, CT is unable to differen-
tiate the parietal layers. R, rectum, contrast enhanced
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Fig. 2.19a-c. Computed tomography. a, b minimum ionizing particle (MIP) reconstruc-
tion, ¢ VR reconstruction. Collecting systems. Both reconstruction techniques provide
anatomic detail similar to urography
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Fig. 2.20a,b. Computed tomography. VR reconstructions of the aorta and renal arteries. a The arrowheads indicate the renal
arteries, which are visualized right up to their hilar subdivision (b)

Magnetic Resonance Anatomy

The magnetic resonance (MR) appearance of the kidneys depends on the degree of
hydration and the type of sequence used. Generally, in T1-weighted images the renal
parenchyma can be clearly distinguished in the cortex (higher signal intensity) and
medulla. In T2-weighted images the differentiation is not as good and the cortex
appears slightly less intense than the medulla (Fig. 2.21). A line of low signal intensity
can often be observed at the interface between parenchyma and perirenal fat. This
should not be confused with the capsule, as this appearance arises from a chemical
shift artifact along the phase encoding axis.

As described above, renal enhancement can be observed in a dynamic study after
the injection of paramagnetic contrast medium usually with a concentration of
0.1 mmol/kg and an injection speed of 2 mL/s. The medium is readily filtered in the
glomerules and is not secreted or reabsorbed by the epithelial cells of the tubules. Its
concentration at the level of the kidneys, therefore, is directly correlated with perfu-
sion and glomerular filtrate. The paramagnetic contrast medium has the property of
modifying relaxation times, and with the low doses generally used causes a short-
ening of tissue T1, thus increasing the tissue signal (obviously in T1-weighted
sequences). In normal subjects three enhancement phases can be identified: corti-
comedullary (at 25-70 s), during which the renal cortex displays enhancement much
greater than that of the slower medulla, thus enabling their differentiation; nephro-
graphic (at 80-180 s), during which the renal parenchyma becomes uniform and the
corticomedullary differentiation can no longer be appreciated; and excretory (>180 s),
during which the collecting systems are opacified (Fig. 2.22).

The use of organ-specific contrast media can provide both morphologic and func-
tional information (Fig. 2.23).

In nonenhanced images the pyelocaliceal cavities generally cannot be visualized
unless distended. Urine has an elevated T1 and T2 relaxation time and therefore has
low signal intensity in T1-weighted images and high signal intensity in T2.

In nonenhanced images the vessels, and especially the veins, can be easily identified
as tubular structures without intraluminal signal intensity due to the flow which
causes dephasing of the protons in the blood. Their visualization is clearly improved
in MR angiography sequences obtained with time-of-flight, phase contrast, or, better
still, with the administration of paramagnetic contrast medium (contrast-enhanced
MRA) (Figs. 2.24, 2.25).
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Fig. 2.21a-c. Magnetic resonance. Kidney. a Axial T1-
weighted image. The renal cortex (arrowhead) displays higher
signal intensity than the medulla. b Axial T1-weighted image
with fat saturation. The cortex maintains higher signal intensity
than the medulla. Note the suppression of the perirenal fat
signal. ¢ Axial T2-weighted image. The difference in T2 relax-
ation time enables differentiation between the cortex and
medulla

Fig. 2.22a-c. Magnetic resonance. Multiphase dynamic
study. Kidney. a Baseline image. The cortex can already be differ-
entiated from the medulla. b Arterial or corticomedullary phase.
The image shows greater enhancement of the cortex than the
medulla. The renal arteries are well defined. ¢ Venous or nephro-
graphic phase. Uniform hyperintensity of the renal parenchyma.
The renal hilum with its fat content appears hypointense and well
defined
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Fig. 2.23a,b. Magnetic resonance. Axial (a) and coronal (b) images. Kidney. The same subject as in Figure 2.20. After injection
and uptake by the glomerules of organ-specific contrast medium (Mn-DPDP) uniform enhancement of the cortex can be appreciated.
Note the enhancement also of the suprarenal glands, the liver and the pancreas

Fig. 2.24a-c. MR angiography of the renal arteries. Images
after injection of contrast medium and successive MIP panoramic
(a) and detailed coronal (b) and axial (c) reconstructions. Visu-
alization of the abdominal aorta and the renal arteries which are
well defined by their intraparenchymal subdivision. The arrow-
heads indicate the renal arteries. Note the early subdivision of
the left renal artery (arrow in c)

Perirenal fat has a higher signal intensity that renal parenchyma in T1-weighted
images, whereas it appears slightly hypointense in T2. The renal fascia appears as a
thin line of low signal intensity in both T1 and T2. Its identification is facilitated by the
elevated signal intensity of the perirenal and pararenal spaces.

In normal conditions the thin-diameter ureter is not easily identifiable along its
entire course in the absence of paramagnetic contrast medium, with or without the
association of diuretics (Fig. 2.26). However, MR images can provide excellent visual-
ization of the collecting system and the urinary bladder when distended with urine.
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Fig. 2.25. MR angiography of the renal arteries. Coronal image after injection of contrast material and successive
MIP reconstruction. Dual left renal artery

Fig. 2.26. MR urography. MIP reconstruc-
tion of the collecting systems visualized after
the injection of contrast medium. A cortical
cyst (asterisk) is present at the upper pole of
the right kidney

The muscular layer and the lamina propria cannot be distinguished. Unlike in T1
(where the signal intensity is similar), in images weighted in proton density and T2 the
mucosa and the lamina propria in some cases can be differentiated from the muscle
coat given their elevated signal intensity. The muscular layer has intermediate signal
intensity in T1, similar to that of skeletal muscle, and low signal in T2-weighted
images. The adventitia is too low to be visualized (Figs. 2.27, 2.28).
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Fig. 2.27a-d. Magnetic resonance. Urinary bladder. Axial (a) and sagittal (b) T1-weighted images. The signal of the wall is of
middle intensity, while the urine is hypointense. Axial (c) and coronal (d) T2-weighted images. The urine has a hyperintense signal

Fig. 2.28. Magnetic resonance. Urinary bladder. Axial T2-
weighted image. The different layers making up the bladder wall
can be distinguished (arrowheads)
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In the early-phase dynamic images (45-100 s) acquired with the injection of para-
magnetic contrast medium, the enhanced lamina propria can be distinguished from
the muscle coat, which remains hypointense. In the late-phase sequences the enhance-
ment of the mucosa and lamina propria decreases, while the enhancement of the
muscle coat increases thus the two layers can no longer be differentiated.

Luboldt W, Krestin GP (2000) Kidneys. In: Heuck A, Reiser M (eds) Abdominal pelvic MRI.
Springer-Verlag, Berlin, pp 149-166

Martin DR, Brown MA, Semelka RC (2005) Primer on MR imaging of the abdomen and pel-
vis. Wiley & Sons, Hoboken, New Yersey




Male Reproductive System:

Normal Gross and Microscopic
Anatomy

L. Grazioli, E. Apostolopoulos, N. Zappa

The male reproductive system consists of the gonads (testes or testicles), the duct
system (epididymis, ductus deferens and ejaculatory duct), accessory glands (seminal
vesicles, prostate and bulbourethral glands) and external genital organs (scrotum and
penis).

Embryology

Although the sex of the embryo is genetically determined at the moment of fertiliza-
tion, the gonads acquire their characteristic male or female morphology only in the
seventh week of gestation.

The gonads initially appear as two longitudinal elevations, the gonadal or genital
ridges, originating from the proliferation of celomic epithelium. No germ cells are
present in the gonadal ridges until the sixth week of gestation. Shortly before and
during their arrival, the celomic epithelium actively proliferates, penetrating the under-
lying mesenchyme to form a number of irregular cords called the primitive sex cords.

These cords remain connected to the surface epithelium both in males and females.
At this stage the gonads are identical in males and females and are therefore called
indifferent gonads.

If the embryo is genetically male, the primordial germ cells present XY sex chromo-
somes. Under the influence of chromosome Y, which encodes testes determining
factor, the sex cords continue to proliferate between the seventh and eighth week of
gestation, penetrating into the medulla of the gonad to form the testicular or medullary
cords. These are composed of primordial germ cells and Sertoli’s supporting cells and
develop from the surface epithelium of the gonads. Through the testicular hilum the
cords are interrupted, forming a network of fine cellular filaments which will later give
rise to the tubules of the rete testis. In the advanced stage of development the testicular
cords lose contact with the surface epithelium and become separated from it by a thin
layer of fibrous connective tissue known as the tunica albuginea.

The interstitial Leydig cells develop from the mesenchyme of the gonadal ridge.
Located between the testicular cords, these cells begin developing immediately
following the differentiation of the cords. By the eighth week of gestation the Leydig
cells begin to produce testosterone. The testicles then become able to influence the
sexual differentiation of the genital ducts and the external genitalia. The cords remain
solid until puberty, when they form lumens, becoming the convoluted seminiferous
tubules.

The testicles initially develop in the lumbar region, in a laterovertebral position.
From the third month of gestation they begin their descent towards the future
scrotum, which is normally reached at the end of pregnancy. This migration is made
possible by the caudal genital ligament and the gubernaculums testis.

The embryos of both sexes initially have two pairs of genital ducts: the mesonephric
(Wolffian) ducts and the paramesonephric (Miillerian) ducts. The differentiation of

L. Olivetti, L. Grazioli (eds.), Imaging of Urogenital Diseases,
© Springer-Verlag Italia 2009
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the conduits and the external genital organs occurs under the influence of hormones.
The Sertoli cells produce a nonsteroid substance - anti-Miillerian hormone, also
known as Miillerian inhibiting substance — which promotes the atrophy of the para-
mesonephric ducts. The Leydig cells secrete testosterone which stimulates the devel-
opment of the mesonephric ducts.

As the testicles increase in volume the mesonephros undergoes atrophy, with only a
few tubules from its caudal portion remaining by the eighth week. The remaining
tubules shorten, lose contact with their glomeruli, fuse with the ductules of the rete
testis forming the efferent tubules which connect the rete testis to the mesonephric
duct. In male embryos the mesonephric duct remains, being transformed into the
epididymis and the ductus deferens.

Shortly before they open into the urogenital sinus, each mesonephric duct, which
have now become ductus deferens, gives off a diverticulum which further develops to
become the seminal vesicle. The short tract of the distal duct to the seminal vesicle
takes the name of ejaculatory duct and opens onto the posterior face of the urogenital
sinus. During the third month a cluster of epithelial outgrowths derived from the
epithelium lining the posterior wall of the sinus develop in the mesenchyme
surrounding the ejaculatory ducts, giving rise to the prostate.

The paramesonephric ducts fully atrophy in the male, with the exception of vestigial
remnants near the testis - the appendix testis.

During the third gestational week mesenchymal cells developed from the primor-
dial germ cells migrate around the cloacal membrane causing the formation of a pair
of slightly elevated folds (the cloacal folds), which inferior to the cloacal membrane
join to form the genital tubercle.

The development of the external genitals is influenced by the secretion of androgens
from the fetal testicles and is characterized by a rapid lengthening of the genital
tubercle which forms the penis.

The genital swellings are initially situated in the inguinal region. As they develop
they move caudally, with each swelling becoming a half of the scrotum separated from
the other by the scrotal septum.

Sandler TW (2009) Langman’s medical embriology. 11th edn. Wolters Kluwer, Lippincott
Williams & Wilkins, Baltimore

Normal Anatomy
Testicles

The testicles or testes have the dual function of producing germ cells (spermatozoa)
and secreting male sex hormones.

The testicle is a symmetrical ovoid organ, slightly flattened transversally, which is
situated below the penis and contained in a cutaneous sac (scrotum) suspended at the
inferior end of the spermatic cord (Fig. 3.1).

The two testicles are separated from each other by the scrotal septum. In the adult
they measure 4x3x2.5 cm and weigh 20-30 g (including the epididymis). The inferior
testicular pole is attached to the base of the scrotum by a fibromuscular cord (the
scrotal ligament). The external surface of the testis is almost completely enveloped by
a dual-layered serous sac, the tunica vaginalis, which is composed of peritoneal tissue.
The parietal and visceral layers of the tunica vaginalis are fused at the level of the
posterior testicular margin. The virtual space between the two contains a small
amount of serous liquid (Fig. 3.2).

The testicle is covered by a highly resistant fibrous fascia known as the tunica albu-
ginea. At its posterior border it is reflected to form the hilum or mediastinum testis
which contains the rete testis. Numerous fibrous septa arise from the deep fascia of
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Fig. 3.1. Anatomic diagram of the testicle, epididymis, ductus deferens and pampiniform plexus. The sagittal
section shows the tunica albuginea (arrows) and the septa (arrowheads), between which lie the seminiferous
tubules which converge towards the mediastinum testis. At this level the efferent ductules are recognizable (curved
arrow); these drain into the head of epididymis (asterisk). DD, ductus deferens; PP, pampiniform plexus

Fig. 3.2. Anatomic diagram of the right scrotum. Axial section. Superficial to deep the figure shows the external
spermatic fascia in green, the cremaster muscle in red, the internal spermatic fascia in blue and the parietal and visceral
layers of the tunica vaginalis in pink. The asterisk indicates the processus vaginalis. T, testicle; SC, spermatic cord
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the tunica albuginea and run radially through the testicle to reach the mediastinum
testis, thus dividing the testicular parenchyma in around 250-300 lobules. These are
pyramidal in shape with the base abutting the tunica albuginea and the apex at the
mediastinum testis.

Each lobule contains between 1 and 4 seminiferous tubules, each of which is 30-180 cm
in length. These tubules have an extremely tortuous course, converging towards the
mediastinum to form a single straight tubule which leads to the rete testis.

Vascularization of the testes is provided by the testicular arteries, which arise from
the aorta slightly below the renal arteries.

The veins of the testicle and the epididymis join at the level of the posterior border
to form larger anastomizing vessels with a tortuous course (pampiniform plexus)
which ascend to become part of the spermatic cord. The latter gives rise to the testic-
ular vein which empties on the right into the inferior vena cava and on the left into the
left renal artery.

The lymphatic drainage of the testis follows the reverse course of the testicular
artery, terminating in the pre- and para-aortic lymph nodes.

Microscopically, the wall of the seminiferous tubules consists of a lamina propria
and a multilayered germinal epithelium. In the midst of the germinal epithelium,
sperm cells and supporting (Sertoli) cells can be identified. Leydig interstitial cells,
which have an endocrine function, are found in the connective tissue between the
seminiferous tubules (Fig. 3.3).

St

Fig. 3.3. Photomicrograph of a seminiferous tubule. The germ cells can be identified lining the wall of the tubule




Chapter 3 - Male Reproductive System: Normal Gross and Microscopic Anatomy -

Pathway of Sperm

The pathway of sperm begins in the testicle with the straight tubules and the rete testis
and continues with the epididymis, ductus deferens, the ejaculatory duct and the
urethra.

The rete testis gives rise to 10-15 efferent ductules. These emerge from the postero-
superior surface of the testis and form the head of the epididymis. The epididymis has
the function of collecting the spermatozoa and facilitating their maturation. Each
epididymis has the shape of a large comma situated on the posterosuperior surface of
the testis. They can be divided into an enlarged end, the head (related to the testicle
superiorly), an intermediate part, the body, and an inferior end, the tail, which
continues in the ductus deferens.

At the level of the head of the epididymis, the merging of the efferent ducts gives rise
to a single conduit (duct of epididymis), which has an extremely tortuous course.

The tail of the epididymis is followed by the ductus deferens, which is roughly cylin-
drical in shape with a diameter of 2-3 cm and a length of 40 cm. Four segments of the
ductus deferens can be identified: testicular, spermatic cord, inguinal and abdominal-
pelvic. The testicular part lies against the posterior face of the tail and body of
epididymis. At the level of the transition between the body and head of epididymis,
the ductus deferens leaves the latter to ascend vertically, becoming part of the spermatic
cord (Fig. 3.1).

In addition to the ductus deferens, which is situated posteriorly, the spermatic cord
contains the external spermatic artery (or cremasteric artery), the testicular veins
(pampiniform plexus), lymph vessels, nerves, processus vaginalis and internal
cremaster muscle.

Still contained within the spermatic cord, the ductus deferens (inguinal segment)
passes through the inguinal canal. At the level of the internal abdominal orifice it
leaves the other elements of the spermatic cord, and, running along the extraperi-
toneal pelvic space (abdominal-pelvic segment), it reaches the posterior surface of
the urinary bladder. It passes above and medially to the ureter to then head infero-
medially towards the base of the prostate and converges with the contralateral ductus.
At that level it joins with the ipsilateral seminal vesicle and gives rise to the ejaculatory
duct.

The ejaculatory ducts are 2-2.5 cm in length and run for most of their course
through the prostate gland. They open through two small orifices at the level of post-
erior wall of the prostatic urethra, at the site of a longitudinal elevation known as the
seminal colliculus or verumontanum.

The male urethra has a length of 18-20 cm. Only in its initial part does it exclusively
transport urine, whereas from the opening of the ejaculatory ducts to the urethral
meatus it also transports sperm. The urethra can be divided into a prostatic part
(around 3 cm in length), a membranous part (around 1.5 cm in length) situated within
the urogenital diaphragm, and a spongy part, which is the longest section (13-15 cm)
and is contained in the sleeve-like corpus spongiosum. The spongy urethra can be
divided into a bulbous segment, a penile segment and the navicular fossa, and opens
onto the external urethral meatus.

Up to the level of the glans penis the urethra is lined by transition epithelium which
is then substituted by squamous epithelium. The walls of the organ are abundant with
urethral (Littré) glands.

Situated within the urogenital diaphragm are the bulbourethral glands (or Cowper’s
glands), whose ducts open into the initial part of the spongy urethra (Fig. 3.4).
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Fig. 3.4. Anatomic diagram of the male
urethra. Coronal section. The various parts
of the urethra are shown. The arrowhead
indicates the bulbourethral gland. P,
prostatic; M, membranous; B, bulbar; Pe,
penile; N, navicular fossa

Seminal Vesicles

The seminal vesicles are a pair of small symmetrical glands which are poorly devel-
oped in the child and atrophied in the elderly. In the adult their longest axis, directed
downwards, forwards and medially, measures 5-8 cm. They are situated in the pelvis
between the fundus of the urinary bladder and the rectum and related to the prostate
posterosuperiorly. Each seminal vesicle merges at an acute angle with its respective
ductus deferens to form the ejaculatory ducts (Fig. 3.5).

Histologically they consist of a tubule with an irregular diameter which curls up on
itself several times throughout its course. A saccular gland, its duct at the inferior
end, joins the ipsilateral ductus deferens. Its wall is made up of a fibrous capsule and
a mucous coat composed of pseudostratified epithelium.

Lazo DL (2004) Fundamentals of sectional anatomy: an imaging approach. Thomson Delmar
Learning, pp 216-218
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Fig. 3.5. Anatomic diagram of the distal ductus deferens, the seminal vesicles and the prostate. Posterior view,
which shows the anatomic relations between the ductus deferens (DD), prostate (P), ureter (U), urinary bladder (B)
and seminal vesicles (SV)

Prostate

The prostate is a single glandular organ situated medially in the pelvis (peritoneal
pelvic space) between the fundus of the urinary bladder and the urogenital
diaphragm, behind the pubic symphysis and in front of the ampulla of the rectum,
between the medial fasciae of the two levator ani muscles. The prostate is the size and
shape of a walnut, with an apex pointing down and forwards, and a base turned
upwards and backwards (Figs. 3.6, 3.7).

Grayish-reddish in color with a hard elastic consistency, the prostate appears very
small in the child and only begins to grow at puberty: towards 20-25 years of age it
reaches an average of 3 cm in height, 4 cm in width (corresponding to the base) and
2.5 cm in thickness. At this age it usually weighs 20 g.

The prostate is surrounded by a sheath of muscle fibers and collagen which form the
prostatic capsule (Fig. 3.8). Anteriorly it is connected to the pubic symphysis by two
bands of connective tissue, known as puboprostatic ligaments. Posteriorly it is sepa-
rated from the rectum by the rectovesical septum.

The seminal vesicles are related to the gland posterosuperiorly, between the fundus
of the urinary bladder and the rectum. Inferiorly the prostatic apex is related to the
perineal membrane.

Passing through the prostate, from above to below, is the first portion of the urethra
(prostatic urethra), into which the prostate empties its secretion during ejaculation.
An angle of 145° halfway between the base and the apex of the prostate, it divides the
urethra into proximal and distal segments of approximately the same length but with
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Fig. 3.6. Diagram of the zonal anatomy of the prostate. The coronal section illustrates the peripheral zone (blue),
the central zone (brown), and the transition zone (purple). The arrowheads indicate the peri-urethral glands.
U, urethra

Fig. 3.7. Diagram of the zonal anatomy of the prostate. The sagittal section illustrates the peripheral zone (blue),
the central zone (brown), the transition zone (purple) and the anterior fibromuscular zone (yellow). The arrowhead
indicates the ejaculatory duct. U, urethra
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Fig. 3.8. Photomicrograph of the prostatic
capsule. On the inner side the prostatic
capsule is poorly defined, consisting of
smooth muscle fibers running transversely
which intertwine with peri-acinar smooth
muscle fibers. Collagen fibers are constantly
present and appear compact in a thin
membrane comprising the outer limit of the
capsule (arrowheads)

markedly different anatomic relations. The first sphincter formed by a cylinder of
smooth muscle fibers surrounds the proximal segment of the urethra between the
base of the seminal colliculus and the neck of the bladder (preprostatic sphincter). It
is likely that the only function of this sphincter is to prevent the retrograde flow of
semen during ejaculation. The seminal colliculus is situated in the distal segment.
This is covered with a second semicylindrical sphincter of striated muscle fibers which
is continuous with the external striated sphincter beyond the apex of the gland.

Also passing through the prostate, obliquely in the posterosuperior wall, are the
ejaculatory ducts.

The prostate can be divided into four lobes on the basis of their different relations
with the urethra and the ejaculatory ducts: anterior, median and two lateral lobes. The
two lateral lobes (right and left) are larger and extend posteriorly to a frontal plane
passing through the ejaculatory ducts.

The anatomic subdivision proposed by McNeal takes into consideration the hetero-
geneous composition of the prostate, which in addition to the glandular regions
includes purely muscular and fibromuscular regions. Each glandular region drains
into a specific urethral segment and also differs histologically from the others.

On the basis of the McNeal classification the urethra roughly divides the prostate
into an anterior (or ventral fibromuscular) part and a posterior (or dorsal glandular)
part.

The ventral fibromuscular connective tissue is mainly composed of smooth muscle
which is continuous with the fibers of the detrusor of the anterior bladder wall. In fact
these fibers extend distally from the neck of the bladder and are arranged laterally,
covering the entire anterior and anterolateral surface of the prostate. The thickness of
the muscular tissue increases distally up to the seminal colliculus, where its mass is
further augmented by a fibrous component. Caudal to the seminal colliculus the
muscle tissue becomes increasingly thinner towards the prostatic apex.

The dorsal glandular portion can in turn be subdivided into an external and internal
region. The former includes the central and peripheral zone, which account for
approximately 25% and 70% of the volume of the prostate, respectively, and are
clearly distinct from each other both macroscopically and microscopically, especially
in the normal prostate of young subjects. The central zone surrounds the proximal
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segment of the urethra and the entire course of the ejaculatory ducts postero-
superiorly, such that the orifices of the latter are surrounded by those of the ducts of
the central zone on the rounded apex of the seminal colliculus. The peripheral zone
surrounds both the central zone and the distal segment of the urethra. Its main ducts
open in a double lateral line in the distal segment of the prostatic urethra, separately
from those of the central zone.

The internal region includes the peri-urethral zone (less than 1% of the prostate)
and the transition zone (around 5% in the young adult). The transition zone is made
up of two small lobules immediately lateral to the preprostatic sphincter. The ducts
open along the proximal continuation of the lateral double line formed by the orifices
of the ducts of the peripheral zone.

The peri-urethral glands are contained in the connective tissue immediately adja-
cent to the proximal urethra. The ducts open into the proximal urethral segment in a
double lateral line, thus further representing the proximal continuation of the ductal
systems of the peripheral and transition zones (Fig. 3.6).

The zone classification is important for the distribution of prostate cancers: 70-80%
of adenocarcinomas originate in the peripheral zone, whereas only 20-30% develop in
the transition and central zones. The transition zone, which is refractory to the develop-
ment of cancer, is the site of benign prostatic hyperplasia.

Prostatic vascularization is mainly provided by the inferior vesical arteries. The
periprostatic venous plexus surrounds the gland and drains into the internal iliac
veins and the presacral venous plexus. Anteriorly numerous small veins compose the
Santorini plexus.

The lymphatic vessels chiefly drain into the obturator, the internal and external
iliac, and the common and presacral lymph nodes.

Microscopically, the prostate consists of a complex of 30-50 branched tubulo-
alveolar serous glands which open some 15-40 excretory ducts into the prostatic
urethra. The epithelium lining the excretory ducts is initially stratified cylindrical,
which tends to become simple cylindrical epithelium in the smaller ducts. The cylin-
drical cells are of variable height and contain numerous secretory granules in their
apex.

The branching ducts of the central zone form acini with irregular borders partially
subdivided by an intricate system of intraluminal ridges, whereas the acini of the
peripheral zone are uniformly small and rounded with smooth walls (Fig. 3.9).

The glandular tissue of the transition and peri-urethral zones is histologically iden-
tical to that of the peripheral zone.

McNeal JE (1968) Regional morphology and pathology of the prostate. Am ] Clin Pathol
49:347-357

McNeal JE (1972) The prostate and prostatic urethra: a morphological synthesis. ] Urol
107:1008-1016

McNeal JE (1978) Origin and evolution of benign prostatic enlargement. Invest Urol 15:340-
345

McNeal JE (1981) The zonal anatomy of the prostate. Prostate 2:35-49

McNeal JE (1981) Normal and pathological anatomy of prostate. Urology 17:11-16
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Fig. 3.9a,b. Photomicrograph of the prostate. a Ducts and acini of the central zone. b Ducts and acini of the peripheral zone

Penis

The penis is the male organ of copulation, which it achieves by its erectile ability. It is
made up of three elongated formations: the two corpora cavernosa and the corpus
spongiosum, which contains the urethra. The penis also consists of a fixed part or
root, a mobile part or body and an enlarged extremity known as the glans penis
(Fig. 3.10).

Fig. 3.10. Anatomic diagram of the penis. Sagittal section. The figure shows the fixed part, the mobile part and
the glans penis. CC, corpus cavernosum; (S, corpus spongiosum; G, glans penis
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Fig. 3.11. Anatomic diagram of the penis. Transverse section. The arrowhead indicates the dorsal artery, the
asterisk the deep dorsal vein and the dot the superficial dorsal vein. CC, corpus cavernosum; S, corpus spongiosum
of the urethra; DF, deep fascia; T4, tunica albuginea

The root is located deep within the anterior perineum. The proximal portions of the
two corpora cavernosa are attached to the ischial tuberosity and surrounded by the
ischiocavernous muscles, while the corpus spongiosum is attached to the inferior part
of the urogenital diaphragm and covered by the bulbospongiosus muscle. Distally the
two corpora cavernosa converge forming the pendulous part which, in the flaccid
state, forms an angle of 60° with the root. The corpus spongiosum of the urethra is
located in a depression between the ventral surfaces of the two corpora cavernosa.
Distally the corpus spongiosum expands abruptly to form the glans penis.

The corpora cavernosa of the penis and the corpus spongiosum of the urethra are
composed of a fibrous outer covering, the tunica albuginea, and cavernous (or erec-
tile) tissue. All three corpora are surrounded by a series of sheaths, which from the
outermost to the innermost are the skin, loose connective tissue and deep fascia
(Fig. 3.11).

The vasculature of the penis and the urethra is chiefly provided by the dorsal artery
which arises from the internal pudendal artery, the terminal branch of the internal
iliac artery.

Tanagho E, McAninch JW (2007) Smith’s general urology. McGrow-Hill, pp 1-30

Walsh PC, Retik AB, Darracott Vaughan E et al (2002) Campbell’s urology. WB Saunders Co.,
Philadelphia, pp 7-23




Male Reproductive System:

Normal Radiologic Anatomy

L. Grazioli, L. Olivetti, N. Zappa, E. Apostolopoulos

Ultrasonographic Anatomy
Scrotum and Testicles

B-mode ultrasonography (US) of the scrotum and its contents is done with a linear
transducer which should have a scan surface of at least 5 cm to be able to perform pre-
cise measurements of the testicular volume. The frequency used should not be lower
than 7.5 MHz. The examination begins with the patient in the supine position being
asked to hold the end of the penis upwards. It may then be useful to perform the
examination with the patient in the upright position to better visualize the venous
plexuses.

The normal anatomy of the scrotum is given by a three-layered US image: hypere-
choic external layer, hypoechoic middle layer and hyperechoic internal layer.

Under normal conditions, the tunica vaginalis cannot be visualized. Only in the
presence of hydrocele does it become possible to identify the two layers of the tunica
vaginalis propria, both of which are hyperechoic.

The US study of the testicle (located in the scrotum and not able to be moved into
the inguinal canal with the external pressure of the transducer) should be performed
with axial and longitudinal scans. The testis has an elongated ovoid appearance with
two fasciae (medial and lateral), two borders (anterior and posterior) and two poles
(upper and lower). The greater and slightly oblique sagittal axis is between 44 and
58 mm. The laterolateral diameter is 18-24 mm, while the anteroposterior diameter
measures 30-36 mm. The testicular volume, which is calculated using the elissoid
formula, is normally 17+5.5 cm’ on the right and 1745.8 cm’ on the left.

The parenchymal structure is characterized by fine, dense and uniformly distrib-
uted echoes. They have a low-level pattern in the prepubescent period which becomes
mid-level in the adult, similar to that of the thyroid (Fig. 4.1). An irregular and
nonuniform pattern should always be considered pathologic and is significantly cor-
related with reduced testicular function. The very thin tunica albuginea is difficult to
distinguish in the absence of hydrocele. It can be recognized by a thin hypoechoic line
underlying the visceral layer of the tunica vaginalis propria. In contrast, the medi-
astinum testis can almost always be visualized as a hyperechoic ovular or triangular
image in axial scans and as densely hyperechoic streaks in the sagittal plane (Fig. 4.2).
The rete testis is not visible if it is not dilated. The vessels can be distinguished as thin
hypoechoic streaks distributed obliquely from the anterior to the posterior border. In
the presence of hydrocele at the upper testicular pole, a small pedunculated body less
than 6 mm in size is often identifiable projecting into the processus vaginalis: this is
the appendix testis and is usually isoechoic to the testicle.

Study with color Doppler is able to evaluate the testicular vessels. The testicular ar-
tery is the main vessel and it runs across the posteromedial surface of the testicle to-
wards the lower pole. From here it ascends anteriorly towards the upper pole, pene-
trates the tunica albuginea and subdivides, forming a network of vessels below the

L. Olivetti, L. Grazioli (eds.), Imaging of Urogenital Diseases,
© Springer-Verlag Italia 2009
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Fig. 4.1a-c. Ultrasonography. Testicle. a,b Longitudinal
scans. ¢ Transverse scan. In the normal testicle the structure is
uniform. In image b, the head of the epididymis (arrowhead) is
visible at the upper pole

Fig. 4.2. Ultrasonography. Mediastinum testis. The arrow
indicates a hyperechoic band crossing the testicle, corresponding
to the mediastinum testis

t unica albuginea known as capsular vessels. These give rise to the centripetal branch-
es which run towards the mediastinum (Figs. 4.3, 4.4).

After the injection of US contrast medium, the testicular parenchyma appears uni-
formly hyperechoic. Indications for the use of contrast medium are limited essential-
ly to differentiation of focal lesions with altered enhancement (inflammation or tu-
mors) from those with no enhancement (hematomas, trauma).
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Fig. 4.3. Color Doppler. The image shows the rich vasculature
of the testicle with fan-shaped distribution. The arrow indicates
the mediastinum testis

Fig. 4.4a-d. Color and power Doppler. Vasculature of the normal testicle. a,b Longitudinal scans. c,d Transverse scans. The im-
ages afford a comparison of color Doppler (a,c) and power Doppler (b, d)

Epididymis, Ductus Deferens and Spermatic Cord

The head of the epididymis is the portion that can best be evaluated with US. Located
above the upper pole of the testis it is well contrasted by the liquid contained in the
potential cavity of the processus vaginalis. Its structure is similar to that of the testis,
from which it is well separated by a thin hypoechoic fissure. In the craniocaudal
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Fig. 4.5a-c. Ultrasonography of the pathway of sperm. a
Head of epididymis (arrow). b Body of epididymis (asterisk). c
Proximal segment of the ductus deferens indicated between the
anatomic landmarks. The arrowheads indicate the venous struc-
tures of the pampiniform plexus. H, head of epididymis

direction it usually measures no more than 12 mm. The head of the epididymis can
give rise to a small, generally isoechoic appendix with a possible cystic appearance.

The body of the epididymis is thin (maximum thickness around 3 mm) in relation
to the testis posteriorly, from which it is separated by a thin hyperechoic line (sinus of
epididymis). The body, however, may be situated laterally to the testis. In longitudinal
scans it appears as a tubular structure which follows the convex profile of the testicle,
in comparison to which it is only slightly less reflective. In axial scans the body of the
epididymis appears as a thin ellipsoidal formation beside the mediastinum. The tails
of the epididymis and ductus deferens are markedly hypoechoic in comparison with
the remaining portions. The ductus deferens is situated in the posterior compartment
of the spermatic cord and has a curved course as it runs towards the inguinal canal
(Fig. 4.5).

The spermatic cord is well visualized in axial scans, situated above the upper testic-
ular pole. The anterior compartment, containing the testicular artery and the
pampiniform plexus, and the posterior compartment, containing the ductus deferens,
the artery and the deferential venous plexus, can be readily differentiated.

Color Doppler study of the spermatic cord is able to detect blood flow in both arte-
rial and venous vessels. Pulsed Doppler can be used to detect two different types of ar-
terial flow: low-resistance flow typical of parenchymal organs, which is indicative of
the testicular artery, and high-resistance flow attributable to the deferential artery sit-
uated posterior to the testicular artery (Fig. 4.6).

Cochlin DL, Dubbins PA, Goldberg BB et al (1994) Urogenital ultrasound: a test atlas. Martin
Dunitz, London, pp 197-202

Vallone G, Rea G (2002) Scroto. In: Bazzocchi M (ed) Ecografia. Idelson Gnocchi, Naples, pp
1057-1087
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Fig. 4.6a,b. Doppler traces. a The image shows the normal trace of a testicular artery. The diastolic component
is clearly visible, a typical finding in low-resistance vessels. b In the trace of the deferential artery the diastolic com-
ponent is clearly absent

Prostate

US, whether suprapubic or transrectal (TRUS), is the imaging modality of choice for
the study of the prostate. The examination, which should also be performed for a
panoramic visualization of the urinary system, generally begins with the patient
supine and the examination of the kidneys, ureters, urinary bladder, seminal vesicles
and prostate gland in that order.

The suprapubic examination can identify intravesical prostatic protrusions and
alterations of the wall (diverticuli) and contents (calculi) of the urinary bladder. Last-
ly, it can be used in the post-voiding phase to provide a relatively good estimation of
residual urinary volume.

TRUS (performed in patients in the gynecologic position, or more simply lying on
their side with their knees bent) is unable to correctly define the relations of the base
of the prostate with the seminal vesicles and the fundus of the bladder. However,
thanks to the minimal distance between the transducer and the gland it can better de-
fine the volume, morphology and structural appearance of the prostate, with immedi-
ate detection of asymmetries, particularly of the peripheral portion. End-fire trans-
ducers have in fact replaced biplane probes and are able to acquire both axial and
sagittal images of the prostate. The former are obtained by withdrawing the trans-
ducer from the fundus of the bladder to the apex of the prostate, the latter by rotating
the transducer laterally with respect to the median plane (Fig. 4.7).

In US study of the prostate the urethra and the ejaculatory ducts are taken as
anatomic landmarks. The structural reference pattern is provided by the isoechoic
prostatic glandular tissue (Fig. 4.8).

The seminal vesicles can be easily visualized by inferiorly and laterally orienting the
transducer in the hyperechoic space between the rectum and the bladder. They appear
as club-shaped structures with finely irregular borders, the echogenicity of which is
only slightly nonuniform, a little lower than that of the prostate. Their thickness nor-
mally varies between 7 and 12 mm. Measurements above 14 mm are considered ab-
normal and suggestive of ectasia of the vesicle (Fig. 4.9).

The terminal, dilated part of the ductus deferens consists of the ampulla. Generally,
its thickness does not exceed 8-10 mm, and its structure is similar to the seminal
vesicles.
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Fig. 4.7. End-fire transducer

Fig. 4.8a,b. Ultrasonography. Normal prostate in a young adult. Axial scan. a The glandular structure is uniform, with no clear dis-
tinction between the central and peripheral portions. b Depiction of normal vasculature at power Doppler. B, urinary bladder; W, wall
of the ampulla of the rectum

Fig. 4.9a,b. Ultrasonography. Seminal vesicles. Transrectal approach. a Axial
scan. b Sagittal scan. The two vesicles (asterisks) appear hyperechoic with a
multilobulated appearance. P, prostate; B, urinary bladder
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Fig. 4.10a,b. Ultrasonography. Prostate. Suprapubic approach, axial (a) and sagittal (b) scans. The prostate is clearly enlarged
due to the presence of an adenoma (asterisk) constricting the peripheral zone (P). Note the impression on the fundus of the urinary
bladder (arrowheads). B, urinary bladder

If not dilated by obstruction, the ejaculatory ducts are difficult to define with US. In
the sagittal plane they appear as thin hypoechoic lines that are convex posteriorly. In
the axial plane they are more easily identified in relation to the base of the prostate as
two small contiguous holes.

The normal prostate is always well defined thanks to the contrast provided by the
hyperechogenicity of the periglandular adipose tissue. Interindividual morphology is
quite variable in the median sagittal plane, whereas it appears more constant in the
axial plane.

The prostatic capsule, which consists of a thin layer of fibrous tissue surrounding
the gland inferiorly, laterally and posteriorly, cannot be identified with US. The bor-
ders of the gland, however, can always be well defined by the intensely hyperechoic
periprostatic adipose tissue. The structure of the prostate in the young is usually uni-
form and mid reflective. Under normal conditions the dilated glandular lumens can-
not be identified. Small dispersed echoic spots are relatively common and are of no
pathologic significance.

In the elderly patient, the development of benign prostatic hyperplasia produces a
mid to low echogenicity in the central part of the gland where the adenoma develops.
In addition, parenchymal calcifications in the form of disseminated microlithiasis, or
single/multiple calculi are more common in elderly subjects (Figs. 4.10, 4.11).

The volume of the prostate is usually calculated using the formula for the volume of
an ellipsoid, (AxBxC)x0.523, even though a more precise formula appears to be
(AxBxC)x0.7. Thickness and width are evaluated at the point of maximum expansion
of the mid-glandular portion in the axial plane. The length is measured between
the fundus of the bladder and the proximal portion of the striatal sphincter, on the
median line of sagittal scans.

Color and power Doppler demonstrate that in the normal prostate the flow signal is
generally low or poorly represented. Increased vascularization is evident in inflamed
or neoplastic tissue, whereas a reduction in flow is present in fibrous, ischemic or in-
farcted areas. Color and power Doppler, however, are unable to study small, newly
formed vessels (Fig. 4.12).
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Fig. 4.11. Ultrasonography. Prostate.
Transrectal approach. Calcifications (arrow-
head) are evident in the central portion of the
gland

Fig. 4.12.Power Doppler. Prostate. Trans-
rectal approach, axial scan. The image depicts
the vasculature of the gland, which is more
evident peripherally

Sonographic contrast media appear to be able to overcome this limitation, thanks to
the ability of the microbubbles to document even very small vessels.

The examination technique involves the acquisition of baseline scans with and with-
out power and color Doppler. These are followed by injection of the contrast medium.
The infusion of first-generation molecules is slow, whereas with second-generation
molecules rapid administration is preferable. During the injection the operator should
continue the US observation to evaluate the precise moment of arrival of the contrast
medium (Fig. 4.13).

The use of sonographic contrast media in the study of the prostate is aimed mainly
at the characterization of focal lesions, especially for differentiation between prostat-
ic carcinoma and aspecific granulomatous prostatitis.

Hanno PM, Malkowicz SB, Wein AL (2001) Clinical manual of urology. Mc Grow-Hill, USA,
pp 437-471
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Fig. 4.13. Ultrasonography with contrast
medium and color Doppler. Transrectal ap-
proach, axial scan. The color effect has been
strengthened in the central part of the gland

Penis

The corpora cavernosa and corpus spongiosum of the penis can be well defined on
US. In the flaccid state the tissue layers surrounding the corpora cavernosa are only
partially identifiable (they can be best visualized during an erection). Skin, subcuta-
neous tissue and dartos cannot always be readily separated. An extremely thin hyper-
echoic line identifies the interface formed by the deep fascia of the penis. Immediate-
ly deep to it lies an echogenic layer composed of vascular connective tissue superficial
to the tunica albuginea, in which the circumflex veins and the neurovascular bundle
run dorsally.

In axial scans the tunica albuginea appears as a uniformly thick hypoechoic fascia
surrounding the corpora cavernosa. The normal structure of the latter has relatively
uniform intermediate echogenicity. During erection the tunica albuginea thins, while
the vascular spaces in the corpora cavernosa dilate. The cavernosal arteries appear as
two thin hyperechoic paraseptal lines in sagittal scans (Fig. 4.14).

Dynamic color Doppler enables simple and noninvasive simultaneous evaluation of
the conditions of the erectile tissue, the state of the vessels and flow characteristics.
The technique is mainly used in the characterization of organic impotence, the most
common form of which is vasculogenic. The examination should be performed in a
private setting, preferably with only the operator present in the examination room. In
the supine position the patient is requested to hold the distal end of the penis up-
wards. The study begins with evaluation of the outer layers and erectile tissue, with the
penis in the flaccid state in order to rule out lesions to these structures. After this pre-
liminary phase pharmacologic stimulation is begun with the intracavernous injection
of 10 pg of PGEI, followed by a short massage aimed at facilitating the distribution of
the agent. In the following 5 min color Doppler is used to observe the dilatation of the
cavernosal arteries and evaluate the symmetry of their diameters and flow. The diam-
eter is measured in longitudinal scans and varies in erection from 0.2 to 1.3 mm
(mean 0.7 mm). After the morphologic evaluation, flow velocity is measured at differ-
ent times during the process of erection. In the flaccid state the systolic velocity rarely
exceeds 15 cm/s and diastolic flow is often absent. In the initial phase of erection there
is an increase in both systolic (=30 cm/s) and diastolic (~10 cm/s) flow velocity. With
the progressive increase in intracavitary pressure of the corpora cavernosa, diastolic
flow decreases to the point of stopping altogether, and in some cases it can reverse.
The phase of maximum rigidity is characterized by a progressive reduction in the
systolic velocity as well. When the intracavernous pressure reaches 90-110 mmHg
(equal to the mean systemic pressure), complete halting of flow occurs. The peak
systolic value of 30 mmHg has been selected as the cutoff for differentiating normal
cavernosal arteries from those with severe lesions (Fig. 4.15).




Part | - Anatomy

Fig. 4.14a-c. Ultrasonography. Penis. a Longitudinal scan.
The arrowhead indicates the cavernosal artery. b Transverse scan.
The asterisks and the curved arrow indicate the corpora cavernosa
and the corpus spongiosum of the urethra, respectively. ¢ Color
Doppler study of the vasculature

V1=0172m/sec

Fig. 4.15a,b. Ultrasonography. Penis. Dynamic study. a Longitudinal scan of the flaccid penis with Doppler sampling of the
cavernosal artery. b Longitudinal scan of the erect penis after intracavernous injection of prostaglandin. Note the increase (in this case
less than normal) of both systolic and diastolic flow

Cochlin DL, Dubbins PA, Goldberg BB et al (1994) Urogenital ultrasound: a test atlas. Martin
Dunitz, London, pp 197-202

Pavlica P, Barozzi L (2002) Pene. In: Bazocchi M (ed) Ecografia. Idelson Gnocchi, Napoli, pp
1013-1053
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Computed Tomography Anatomy

Scrotum and Testicles

For reasons of radioprotection computed tomography (CT) is not indicated for the
study of these organs

Prostate and Seminal Vesicles

The role of CT is significantly limited by its poor ability to differentiate the zone
anatomy of the prostate, which in the absence of contrast media is characterized by
uniform density (40-65 HU), similar to that of skeletal muscle. Only after injecting
contrast medium can the peripheral zone be identified, which appears relatively
hypoattenuating with respect to the other zones (Fig. 4.16). The lateral border of the
gland is usually hidden by the contiguous bundles of the levator ani muscles, although
it can be partially studied using the thin slice technique. The surface towards the uri-
nary bladder runs almost horizontally or rises slightly inferiorly with the subject in the
dorsal position. Due to partial volume effects, CT is unable to visualize slight irregu-
larities in the bladder wall and/or the prostate borders. These can in part be visualized
in coronal and sagittal reconstructions.

Fig. 4.16. Computed tomography.
Prostate in a young adult. Axial contrast-
enhanced scan. The peripheral zone is identi-
fiable as hypoattenuating in comparison to
the central part of the gland

Magnetic Resonance Anatomy
Scrotum and Testicles

Although it does not have the limitations imposed by ionizing radiation, magnetic
resonance (MR) is little used in the study of the scrotum and the testicles, which can
be adequately studied on US.

The testicles display intermediate uniform signal intensity in T1-weighted images
and elevated signal intensity in T2-weighted sequences, which are mainly used in the
imaging of the scrotum to obtain contrast between the testes and the adjacent struc-
tures. In T2-weighted images the mediastinum testis can be identified as a thin hypo-
intense band with respect to the adjacent testicular parenchyma. The tunica albuginea
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Fig. 4.17a-c. Magnetic resonance. Testicles and pathway of
sperm. T2-weighted sagittal images. The testicle (asterisk) is
characterized by its uniformly hyperintense signal. In a the
arrowhead indicates the head of the epididymis. In b the arrow-
heads indicate part of the body and tail. In c the asterisk indi-
cates the structures of the spermatic cord

surrounding each testicle is hypointense both in T1 and T2. The epididymis and sper-
matic cord in T1 have the same intensity as the testicle, whereas they appear slightly
hypointense in T2 (Fig. 4.17).

Thurnher S, Hricak H, Carroll PR et al (1998) Imaging the testis: comparison between MR
imaging and US. Radiology 167:631-636

Prostate and Seminal Vesicles

With respect to US and CT, MR has the advantage of better contrast resolution, which
enables differentiation of the zones of the prostate and evaluation of the relations of
the gland with the surrounding pelvic structures. In addition, the periprostatic adi-
pose tissue acts as an excellent natural contrast; consequently the cleavage planes with
the bladder, rectum, and the musculoskeletal and vascular structures are clearly
visualized.
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Fig. 4.18a,b. a Intracavitary coil. b Multichannel phased array coil

Technological progress, which has witnessed body coils being replaced by surface
phased array and intracavitary coils, has led to considerable improvement in spatial
resolution and signal-to-noise ratio. It should nonetheless be borne in mind that even
intracavitary coils have some drawbacks which can negatively influence image quality.
These include artifacts caused by peristaltic motion and excessive signal near to the
coil itself. A good diagnostic result can be achieved even with a 0.5 T scanner, al-
though image quality is markedly improved with 1.5-3.0 T devices.

An optimal study of the prostate requires the use of both an intracavitary and a sur-
face phased array coil. If the instrumentation does not allow for this combination
then the best choice is the intracavitary coil (Fig. 4.18). After an initial rectal explo-
ration and appropriate rotation, given that it has an anterior and posterior side, the
coil is inserted into the ampulla of the rectum until its most caudal portion is at the
level of the anal sphincter. Around 40 mL of air is then insufflated to maintain it in
this position.

The standard examination is performed with T2-weighted acquisitions in the axial,
coronal and sagittal planes, followed by T1-weighted axial images. The axial
sequences should be slanted perpendicularly to the longitudinal axis of the prostate,
and include the seminal vesicles and the entire gland from the base to the apex. The
coronal sequences should be slanted according to an axis parallel to the longitudinal
axis of the prostate. The coronal and sagittal images provide good visualization of the
relations between the prostate and the seminal vesicles, and the fundus of the urinary
bladder and the rectum.
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Fig. 4.19a-c. Magnetic resonance. Prostate. a, b Forty-year-
old male. Study with phased array coil. a In the T1-weighted axi-
alimage the prostate appears with a uniform structure and signal
intensity similar to that of the adjacent levator ani muscle (arrow-
head). The arrow indicates the neurovascular bundle. b The
T2-weighted axial image shows the hyperintense peripheral por-
tion (asterisks) and the central portion in which the beginning of
an adenoma can be distinguished. ¢ T2-weighted image in an ado-
lescent subject. Note the different relation between the central
and peripheral portion, the latter being prevalent. R, rectum

In T1-weighted sequences the prostate appears with a uniformly isointense signal
which is similar to that of skeletal muscle, although the zonal anatomy of the gland
cannot be identified (Fig. 4.19a). In the axial images the neurovascular bundle is well
visualized, appearing as a rounded hypointense structure which is less evident at the
apex of the prostate.

In T2-weighted images the peripheral zone of the gland can readily be distinguished
from central zone. The former is hyperintense due to the presence of abundant glan-
dular tissue, whereas the latter appears hypointense due to the greater presence
of connective tissue and the less abundant glandular component (Figs. 4.19b-c, 4.20).
In the elderly patient affected by benign prostatic hyperplasia, the origin of which is
mainly in the periurethral zone, the adenoma can be easily distinguished from the
peripheral portion of the gland (Fig. 4.21).

The normal prostate gland is surrounded by a thin hypointense ring indicating the
capsule, the thickness of which appears greater than is anatomically the case (chemi-
cal shift phenomenon).
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Fig. 4.20. Magnetic resonance. Prostate.
Young adult male. Study performed with
intracavitary coil. T2-weighted axial image.
The intracavitary coil provides greater spatial
and contrast resolution than the phased array
coil. The asterisks indicate the peripheral zone
bounded by the capsule (arrowheads). The ar-
row indicates the vascular nerve bundle.
R, rectum

Fig. 4.21. Magnetic resonance. Prostate.
Elderly male. Study performed with intra-
cavitary coil. T2-weighted axial sequence. In
the centre of the gland an adenoma can be
identified (A). The asterisks indicate the
peripheral zone

The seminal vesicles, which are studied together with the prostate, have a clearly
hyperintense signal under normal conditions in T2-weighted sequences due to their
elevated water content, whereas the walls appear as thin hypointense septa. In
T1-weighted sequences the signal is uniformly intermediate-low (Fig. 4.22).

The pampiniform plexus has a high signal intensity due to low-velocity intraluminal
flow.

Coakley FV, Hricak H (2000) Radiological anatomy of the prostate gland: a clinical approach.
Radiol Clin North Am 38:15-30

Kurhanewicz J, Vigneron DB, Males RG et al (2000) The prostate: MR imaging and spectro-
scopy. Radiol Clin North Am 38:115-138
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Fig. 4.22a-d. Magnetic resonance. Seminal vesicles. a,b Adolescent subject. T2-weighted image without (@) and with (b) fat
signal suppression. Typical honeycomb appearance of the vesicles (arrowheads). c,d Adult. T2-weighted axial (c) and coronal (d)
images. The latter clearly depicts the ejaculatory ducts (arrowheads)

Penis

MR is able to provide multiplanar images visualizing the various anatomic compo-
nents of the penis. The use of surface coils, positioned 2-3 cm from the penis, is tech-
nically the best solution, even though a common body coil can be used. The patient is
positioned supine, with the penis fixed to the anterior pelvic wall by sticking plaster,
to avoid motion during the examination.

Axial images provide a good depiction of the root and mobile portion of the penis.
In the sagittal plane the bulb of the penis and the relations with the musculature of the
perineum are better visualized. The coronal plane in turn offers the advantage of a
panoramic view.
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Fig. 4.23a,b. Magnetic resonance. Penis. Axial images. The signal of the corpora cavernosa is uniform. Medially intense in T1 (a),
it appears hyperintense in T2 (b). The tunica albuginea (arrowheads) is hypointense in all sequences

Fig. 4.24a,b. Magnetic resonance. Penis. Axial T2-weighted scans, acquired after pharmacologic stimulation at the level of the
root (@) and the shaft (b). The arrowheads indicate the tunica albuginea and the intercavernosal septum, the arrow indicates the dor-
sal vein, and the curved arrow indicates the cavernosal artery. (C, corpora cavernosa, CS, corpus spongiosum

Both T1- and T2-weighted images are used. The former highlight the contrast be-
tween the adipose tissue and the other anatomic structures of the penis. The latter, on
the other hand, separate the corpora cavernosa and the corpus spongiosum (hyper-
intense) from the tunica albuginea (hypointense) (Fig. 4.23).

While not indispensable, the induction of tumescence or erection via pharmaco-
logic stimulation with prostaglandin is advisable, since it provides 100% increase in
diagnostic information (Figs. 4.24, 4.25). In T2-weighted sequences the corpora caver-
nosa have a higher signal intensity, which is moreover variable in relation to the
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Fig. 4.25a,b. Magnetic resonance. Penis. T2-weighted sagittal images acquired with pharmacologic stimulation. (C, corpora cav-
ernosa; (S, corpus spongiosum

degree of tumescence of the penis. The glans penis and the crura are isointense with
respect to the erectile tissue of the corpora cavernosa. The cavernosal arteries are
readily identifiable as hypointense linear images, as are the intercavernosal septa
which also appear isointense. In the coronal plane the arteries appear as markedly
hypointense rounded formations surrounded by the hyperintensity of the cavernosal
tissue. The deep fascia of the penis are normally hypointense in T2 and can be distin-
guished from the tunica albuginea, despite being closely related to it during erection.
On the dorsal surface, between the tunica albuginea and the deep fascia of the penis,
the deep dorsal vein, the two dorsal arteries and often other venous vessels can be
clearly visualized. The suspensory ligament is readily identifiable in sagittal scans as a
hypointense structure inserted at the pubic symphysis and the dorsal face of the penis.

Pretorius ES, Siegelbaum ES, Ramchandani P et al (2001) MR imaging of the penis.
RadioGraphics 21:5283-5298




Female Reproductive System:

Normal Gross and Microscopic
Anatomy

L. Olivetti, G.C. Mazza, S. Mombelloni

The female reproductive system, in addition to the embryonic rests, consists of the
reproductive organs contained and fixed by a system of suspensory ligaments and
aponeurotic supporting muscles.

Embryology

The development of the female reproductive system is closely related to the develop-
ment of the urinary system.

The early development of the gonads, both female and male, takes place towards the
4th week of gestation in the form of a projection from the genital ridge, composed of
a thickening of celomic epithelium. However, up to the 6th week of gestation the
gonads remain undifferentiated and the mesonephric and paramesonephric ducts
coexist. At the 6th-7th week the male genes located on the Y chromosome or the
female genes located on the X chromosome encode for the production of inducers
which begin the differentiation of the primitive gonads into testicles or ovaries,
respectively. In particular, a sequential development occurs in the female gonads of
two types of cords: medullary and cortical. The latter give rise to the germ cells which
will become definitive follicles.

During their development the female gonads also undergo a change of site (descent
of the ovaries), albeit to a lesser extent than the male gonads. By the third month of
gestation the ovaries have arrived in the lumbar region of the greater pelvis, and later,
during the first year, they reach their final destination in the pelvic cavity.

In females the paramesonephric ducts form the uterine tubes, the uterus and the
superior part of the vagina, whereas the mesonephric ducts atrophy. For this to
happen, the presence of the ovary is not required, in that there is a spontaneous
tendency towards feminization. In contrast, in males the testicles secrete an inhibitory
substance which opposes the spontaneous tendency towards feminization and causes
atrophy of the paramesonephric ducts and formation of the ductus deferens, the
seminal vesicles and the mesonephric ducts.

Between the 8th and 12th weeks of gestation the external genitals are defined. The
genital portion of the urogenital sinus gives rise to the inferior third of the vagina and
the vestibule, into which the vagina proper and the urethra open. Also in this case
there is a spontaneous tendency towards feminization. In the male the testicles
produce testosterone, which leads to differentiation towards being male.

In the following weeks up to birth the production of hormones continues, but at a
decreasing rate. Afterwards the gonads begin a period of quiescence, to then become
active again at puberty, with the awakening of specific sexual neurosecretion.

Sandler TW (2009) Langman’s medical embriology. 11th edn. Wolters Kluwer, Lippincott
Williams & Wilkins, Baltimore

L. Olivetti, L. Grazioli (eds.), Imaging of Urogenital Diseases,
© Springer-Verlag Italia 2009
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Ovaries

The female gonads are a pair of symmetrical organs which produce egg cells and
female hormones (estrogen, progesterone and a small amount of androgen).

Located on the posterior surface of the broad ligament and the lateral wall of the
lesser pelvis, the ovary in the nulliparous subject occupies the ovarian fossa, bounded
posteriorly by the uterus and the iliac vessels, whereas in the pluriparous subject it
tends to prolapse inferiorly towards the rectouterine pouch.

The postpubertal ovary is almond/shaped and measures 2-4 cm in length and
1.5-3 cm in width, with a thickness of around 1 cm. These measurements vary during
the menstrual cycle, in the first trimester of gestation (presence of true corpus luteum)
and after menopause (ovarian atrophy).

The ovaries have a superior or tubal pole, an inferior or uterine pole, and meso-
varian and free borders. The uterine pole is attached to the ovarian ligament which is
inserted into the body of the uterus posterior to the intramural segment of the uterine
tube. Laterally the suspensory ligament anchors the ovary to the pelvic wall and
conveys the vessels, nerves and efferent and afferent lymphatic vessels. The ovary is
also anchored by the mesovarium, a short peritoneal ligament which detaches from
the broad ligament and the tubo-ovarian ligament which connects the superior pole of
the ovary to the infundibulum of the uterine tube (Fig. 5.1).

The main blood supply is provided by the ovarian artery (branch of the aorta)
contained in the suspensory ligament. A second source is provided by the ovarian
branch of the uterine artery, which follows the uterine ligament and sends branches
through the mesovarium which anastomose with those of the ovarian artery. The
venous network forms a rich pampiniform plexus at the level of the ovarian hilum.
The veins arising from the plexus merge to form the ovarian vein, which initially runs
inside the suspensory ligament and then empties into the renal vein on the left and the
inferior vena cava on the right.

Fig. 5.1. Anatomic diagram of the female reproductive system. The arrowhead indicates a luteal body, the arrow
a ureter and the asterisk a uterosacral ligament. A, ampulla; BL, broad ligament; /, infundibulum; /S, isthmus;
MO, mesovarium; 0, ovary; OL, ovarian ligament; SL, suspensory ligament of ovary; U, uterus
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Fig. 5.2. Anatomic diagram of the developmental stages from ovarian follicle to luteal body. Counterclockwise
from left: primordial and primary follicles, maturing follicles, ruptured follicle (or hemorrhagic body), luteal bodies,
initial and mature, corpus albicans (arrow). The arrowhead indicates a released egg

The lymphatic vessels of the ovaries are abundant and drain into the preaortic and
para-aortic lymph nodes.

Innervation of the ovary is provided by the nerve branches which accompany the
arterial vessels, comprising the ovarian plexus and thus representing an extension of
the celiac and renal plexuses.

Microscopically, the ovarian parenchyma is composed of hilum, a medulla and a
cortex. The hilum is the point where the mesovarium is inserted and the ovarian
vessels and nerves penetrate the ovary. The medulla is the central portion of the ovary
which is continuous with the hilar region and contains loose connective tissue, large
blood vessels, lymphatic vessels and nerves. The cortex is the functional layer of the
ovary where the primordial and developing follicles are found and where in the fertile
woman the luteal bodies and their regressed form (corpora albicantia) are located, the
latter being none other than fibrous scars on the cortical surface of the ovary (Fig. 5.2).

The ovary is covered, from deep to superficial, by three thin layers: (1) the albu-
ginea, composed of connective tissue; (2) germinal epithelium, composed of modified
cubical peritoneal cells; (3) peritoneum (the only extraperitoneal portion is formed by
the hilum).

Uterine Tubes

Together with the ovaries the uterine tubes (Fig. 5.1) may be considered annexes of
the uterus. They are paired muscular-membranous conduits which create a commu-
nication between the uterine and peritoneal cavities. They are indispensable for the
capture of the egg cells after ovulation and their transport towards the uterus, for the
migration of spermatozoa and their capacitation, for fertilization and conveying the
embryo towards the uterus and for the early phase of its development.

Each tube is located in the superior wing of the broad ligament, lateral to the uterus,
anterior to the ovary and posterior to the round ligament. They originate from the
uterine horns, running obliquely superiorly, laterally and posteriorly towards the
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pelvic wall. Nonetheless, their position is dynamic, at times being located in the

ovarian fossa, at others in the rectouterine pouch.

Their length on average is 12-18 cm and the diameter of the tube varies from
0.5 to 1.0 mm at the level of insertion into the uterus, to 8-15 mm at the distal end.

Anchorage of the uterine tubes is provided by continuity with the uterus and the
tubo-ovarian ligament, which connects the distal part of the tube to the superior pole
of the ovary. The tubes can, however, become fixed in an anomalous position due to
adherences produced by genital or perigenital disease.

Each uterine tube is divided into four parts:

« the uterine part (length 1-2.5 cm), the intramural segment which passes through the
myometrium and communicates with the uterine cavity by the uterine opening of
the uterine tube;

« the isthmus (length 2-3 cm), an almost straight segment which follows the uterine
segment and emerges from the uterine horn;

+ the ampulla (length 6-8 cm), a segment with alternating dilatations and constriction
in the lumen;

+ the infundibulum (length 1-2 cm), the most lateral, funnel-shaped segment, which
terminates in finger-like processes called fimbriae at the opening forming a
communication between the peritoneal cavity and the tubal lumen (abdominal
opening of the uterine tube).

The vasculature of the uterine tubes consists of the tubal branches arising as anasto-
mosing terminal branches of the uterine and ovarian arteries. Similarly, venous
drainage is to the uterine and ovarian veins.

Microscopically, from deep to superficial, the tubal wall consists of a mucous coat
and a muscular layer connected with the serous peritoneal lining by an underlying
layer of loose connective tissue. The epithelial lining of the mucosa, which lies on a
pavement of lamina propria, rises in folds and is composed of ciliated cells, secreting
cells and club cells in varying proportions in relation to the phase of the menstrual
cycle.

Uterus

The uterus is a hollow muscular organ situated in the pelvic cavity posterior to the
urinary bladder and anterior to the rectum. It is conical in shape with the base
upwards and the trunk forming the apex pointing downwards. Its average dimen-
sions in a nulliparous woman are 6.5 cm in length, 4 cm in breadth and 2 cm in depth.
These measurements and the weight of the uterus are slightly greater in women with
prior pregnancies. The capacity of the uterine cavity is around 4 cm’ in the nulli-
parous and 5-6 cm’ in the pluriparous woman.

The uterus is divisible in to three anatomically and functionally separate parts: the
body, isthmus and cervix. The body is the superior part of the organ and has a flat or
slightly convex anteroinferior surface, a convex posterosuperior surface and two
rounded lateral borders. The highly convex superior border corresponds to the part of
the uterus that projects beyond a plane through the point of entrance of the uterine
tubes and takes the name of fundus. The isthmus is a slight constriction between the
body and the cervix and has an anatomic-functional role only during labor. The cervix
comprises the inferior part of the uterus that protrudes into the vagina. It can be
divided into a supravaginal part and a rounded vaginal part, whose distal end
communicates with the vagina via the external uterine os (Fig. 5.3).

The uterine cavity is flattened from the front to the back and is divided by the
isthmus into two parts: the cavity of the body, triangular in shape and virtual, and the
cavity of the cervix, spindle shaped and real.

This uterus is a relatively mobile organ. Normally it is located in an anteverted and
anteflexed position. Indeed its axis forms an angle of 90° with the axis of the vagina
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Fig. 5.3. Anatomic diagram of the uterus. Coronal section. The arrowhead indicates the internal uterine os, the
asterisk the external uterine os. B, body; C, cervix; F, fundus; FV, fornix vaginalis; /, isthmus; 0, ovary; UST, uterine
segment of tube

(angle of anteversion). The axis of the cervix forms an angle of 120-170° with the axis
of the body (angle of anteflexion).

This position is maintained by a complex system of connections which is schemati-
cally composed of supports, suspensory ligaments and directional structures. The
principal supports are the pelvic fascia and the urinary bladder. The suspensory struc-
tures, in contrast, consist of the uterosacral ligaments posteriorly, the vesicouterine
ligament anteriorly and the transverse cervical ligaments laterally. The latter are
formed by a thickening of the subperitoneal connective tissue and run at the base of
the broad ligaments, forming a robust transverse band of tissue which connects the
supravaginal cervix and the vagina with the lateral wall of the pelvis.

The directional system is instead responsible for maintaining uterine anteversion
(round ligaments) and limiting lateroversion (broad ligaments). The round ligaments
are two fibromuscular bands, accompanied by vessels, which extend from the open-
ings of the uterine tubes to the labia majora and the pubis passing through the
inguinal canal. The broad ligaments consist of a double layer of peritoneum and
connect both sides of the uterine body to the lateral wall of the pelvis.

The uterus may at times be found in an anomalous position (retroversion,
lateroversion, etc.) due to congenital or acquired causes, generally inflammatory in
nature.

The uterus is an organ covered by peritoneum. The parietal peritoneum, in fact,
descends from the anterior wall of the abdomen, is reflected onto the urinary bladder,
covering it in part, and returns to the anterior wall of the uterus. After having covered
the uterine fundus, it descends over the posterior surface of the uterus, also covering
a part of the posterior vaginal wall, and is reflected again to cover the rectum, thus
forming the rectouterine pouch. Laterally the anterior and posterior parietal peri-
toneum join to form the broad ligaments.




Part | - Anatomy

Fig. 5.4. Photomicrograph of the uterine wall. At the bottom the endometrial epithelial lining with the presence
of glandular structures (arrowheads), at the top the muscular wall (myometrium)

Fig. 5.5. Photomicrograph of endocervical epithelium. A single layer of cylindrical epithelium with pseudoglan-
dular appearance

The uterus is served by three arteries: the uterine, the ovarian arteries and the artery
of the round ligament.

The uterine wall structurally consists of three layers: mucous (endometrium),
muscular (myometrium) and serous (perimetrium).

Microscopically, the endometrium displays different morphologic characteristics
at the level of the body and the uterine cervix. In the body the endometrium is
composed of prismatic epithelium which also covers the numerous simple tubular
uterine glands contained in the stroma (Fig. 5.4). In contrast, the endometrium of the
cervix (endocervical epithelium) is composed of a single layer of cylindrical cells
which secrete mucus and have a pseudoglandular appearance (Fig. 5.5).

Externally the vaginal part of the uterus is covered by stratified pavement epithe-
lium (exocervical epithelium) similar to that of the vagina, with no glandular struc-
tures (Fig. 5.6). The transition between endo- and exocervical epithelium is marked
and may be the origin of malignant tumors.

During a normal menstrual cycle the uterine mucus undergoes morphologic and
structural changes which occur almost exclusively in the superficial functional layer of
the endometrium, whereas the underlying basal layer contains the glands which set in
motion the endometrial regeneration at the beginning of each cycle.

The myometrium is composed of bundles of smooth muscle cells, which, based on
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Fig. 5.6. Photomicrograph of exocervical epithelium. Keratinized stratified pavement epithelium similar to that
lining the vagina

their course, divide it into three layers: external (subserous), intermediate and
internal. At the level of the uterine cervix the muscular coat is less developed, with a
greater presence of connective tissue rich with elastic fibers.

The perimetrium is the external layer consisting of serous peritoneum.

Vagina

The vagina is a muscular-membranous conduit around 8 cm in length which extends
from the uterus to the vulva. Running obliquely downwards and forwards it is located
partly in the pelvis and partly in the perineum. The superior end surrounds the
uterine cervix between the inferior third and the middle, thus forming a recess called
the vaginal fornix which is usually described as having four segments: anterior, poste-
rior, right lateral and left lateral.

The anterior wall of the vagina is related to the urinary bladder from which it is
separated by relatively loose connective tissue, the vesicovaginal septum, and to the
urethra via a dense fibrous urethrovaginal septum. The posterior wall, at the level of
the fornix, is related to the rectouterine pouch, while caudally it is closely related to
the rectum from which it is separated by the rectovaginal fascia. The lateral walls of
the pelvic segment above the levator ani muscle correspond to the broad ligament.

The vagina is supplied on each side, superior to inferior, by branches deriving from
the uterine artery, the vaginal artery (branch of the iliac) and the middle rectal artery.

The external and internal iliac lymph nodes drain the lymphatic vessels of the supe-
rior part of the vagina, the internal iliac lymph nodes drain the middle part, while the
superficial inguinal lymph nodes drain the inferior part.

Microscopically, the wall of the vagina (3-4 mm thick) from deep to superficial is
composed of three layers: mucous, muscular and adventitial. The mucous layer
extends superiorly from the mucosa of the external uterine os and consists of a lining
of stratified pavement epithelium and a lamina propria.
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Vulva

The vulva is made up of the female external genitalia. Bounded by the medial aspects
of the thighs, the vulva extends anteroposteriorly immediately below the pubic
symphysis up to around 3 cm in front of the anus. It includes the mons pubis, labia
majora, labia minora, vestibule, clitoris and greater vestibular glands.

The arterial vasculature consists of the external, superior and inferior pudendal
arteries (branches of the femoral) and the internal pudendal artery (branch of the
internal iliac).

The lymph nodes which drain the rich network of the lymphatic vessels of the vulva
are the superficial inguinal, deep inguinal (clitoris) and iliac (Bartolino glands).

Agur AMR, Dalley AF (2005) Atlas of anatomy. 11th edn. Lippincott Williams & Wilkins,
Baltimore

Martini F, Timmous M], Tallitsch RB (2008) Human Anatomy. 6th edn. Benjamin-Cummings
Publishing Company, San Francisco




Female Reproductive System:

Normal Radiologic Anatomy

L. Olivetti, L. Grazioli, G.C. Mazza

Radiologic Anatomy

Hysterosalpingography is the reference radiologic technique for evaluation of the
patency of the uterine tubes. It also enables morphologic study of the uterine cavity. It
is generally performed as an outpatient procedure with no need for special preparation
by the patient. Indications for the examination include infertility and recurrent miscar-
riage, fistulae of the genital system, congenital uterine anomalies (unicornuate, bicor-
nuate, septate, didelphic, hypoplastic uterus), acquired uterine anomalies (submucous
myomas, endometrial polyps, intracavitary synechia) and suspected alterations of the
uterine tubes (proximal or distal occlusions, tuberculosis, peritubal adherences).
Contraindications include metrorrhagia, acute and subacute inflammation of the
pelvic cavity, allergies to contrast media, and of course pregnancy.

The examination is preferably performed between the 8th and 12th day of the
menstrual cycle, or at any rate after the cessation of menstrual flow and prior to ovula-
tion. In this time window pregnancy is unlikely and the endometrium is thin, which
facilitates interpretation of the radiologic images. The subject is placed in the gyneco-
logic position on the radiologic table equipped with an image intensifier connected to
a monitor. The procedure involves the use of atraumatic catheters, uterine injector
(connected to a manometer to monitor injection pressure, which should not exceed
250-300 mmHg) and nonionic iodinated contrast medium (10-20 mL).

The study involves a precontrast enhancement examination obtained after inserting
the catheter into the internal uterine os. The contrast medium is then slowly injected
and several images are acquired under fluoroscopic monitoring during progressive
enhancement of the uterus and uterine tubes. The first image is acquired during the
beginning of uterine filling, the second when the uterus is completely distended, the
third during the enhancement of the uterine tubes and a final image when the contrast
material is leaking into the peritoneal cavity (Fig. 6.1).

Fig. 6.1. Hysterosalpingography. The
uterine tubes (arrowheads) appear regular in
diameter and course. The normal patency is
documented by the leakage of contrast
medium into the peritoneal cavity (asterisk).
UG, uterine cavity

L. Olivetti, L. Grazioli (eds.), Imaging of Urogenital Diseases,
© Springer-Verlag Italia 2009
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The complications associated with the procedure include bleeding and infection.
Some patients may report pelvic discomfort following catheter placement, which may
be intense to the point of interrupting the examination. Rare complications include
vasovagal reactions, and even less frequently adverse reactions to the contrast
medium.

At hysterosalpingography the uterus normally appears in a medial position and
conical in shape with the apex inverted. The uterine tubes are visualized with two
segments: a thin medial segment corresponding to interstitial and isthmian parts, and
a lateral tortuous segment due to the ampullary part.

Simpson WL Jr, Beitia LG, Mester F (2006) Hysterosalpingography: a reemerging study.
RadioGraphics 26:419-431

Ultrasonographic Anatomy

It should be stated at the outset that the morphology and dimensions of the female
reproductive organs vary with age.

At birth the uterus is relatively large and has a configuration similar to that of the
adult, since during pregnancy it experiences the hormonal stimulation of the maternal
estrogen. In the absence of this effect, the uterus decreases in size (around 2-3 cm in
length, and 0.5-1 cm in breadth). It remains this size until puberty, when its volume
increases and it takes on the pear shape typical in the adult. In the postnatal period it
appears uniformly enlarged, while in menopause it undergoes progressive atrophy.

The ovaries are difficult to identify in the early years of life in that they are yet to
complete their descent into the pelvis. Their growth is long and progressive, and at
puberty they may appear already developed as in the adult. In fact they may even be
larger in the adolescent. After menopause they undergo progressive atrophy.

In the following section the description refers to a woman of fertile age, unless
otherwise stated.

The ultrasonographic (US) examination of the female pelvis can be performed
transabdominally (TA) with a 3.5-5 MHz sector or convex transducer, or transvagi-
nally (TV) with a 5-7 MHz transducer. In special cases, such as the study of the cervix
or the vaginal vault, a transrectal (TR) approach may be used.

The TA examination offers a wider field of view, but requires a certain level of filling
of the urinary bladder so as to shift the intestinal loops upwards and the uterus poste-
riorly, which is normally anteverted and anteflexed. In this way the abdominal wall, a
number of pelvic muscles, the pelvic vessels, the ureters, the urinary bladder, the
uterus, the vagina, the ovaries and the intestinal loops will all be identifiable.

Located in the ovarian fossa, the ovaries are identifiable laterally at the uterine fundus,
medial to the external iliac arteries and the levator ani muscle, and anterior to the
internal iliac arteries and the ureters. The pulsation of the internal iliac or uterine
arteries ensures their identification. The position of the ovaries is not always symmet-
rical and generally the left ovary is more difficult to visualize with the TA approach due
to the interposition of the sigmoid colon. In prepubertal and postmenopausal individ-
uals they may be difficult to identify due to their reduced dimensions.

The ovarian structure displays a central echogenic stromal part and a peripheral
cortical part, at the level of which the follicles are visible (anechoic images of around
3-4 mm).

In individuals of fertile age the ovary is almond shaped (length 25-35 mm, breadth
20-25 mm, anteroposterior diameter 12-20 mm), with echogenicity slightly higher than
the myometrium and the internal obturator muscle. It appears covered by a thin hyper-
echoic layer which corresponds to the germinal epithelium and the tunica albuginea.

The size and shape vary during the menstrual cycle in relation to the presence of
one or more developing follicles or the luteal body.
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Fig. 6.2a-c .Transvaginal ultrasonography. Ovary. a Early
follicular phase. A number of follicles can be appreciated in the
ovary (bounded by crosses). b Late follicular phase. The image
clearly shows two larger follicles. ¢ Preovulatory phase. The
asterisk indicates a follicle about to rupture. U, uterus

In the first five days of the menstrual cycle the average diameter of the follicle is
3-5 mm. These follicles, known as antral follicles, vary in number. They decrease with
age and are a marker for premature menopause. In IVF centers the antral follicle
count is important for predicting the type of ovarian response to gonadotropin stim-
ulation. From the 6th to 8th day the follicle, which reaches the maximum diameter of
20 mm in the follicular phase, is defined the dominant follicle (Fig. 6.2). The dominant
follicle is characterized by the presence of granulosa cells, which appear as hyper-
echoic in the lumen of the cystic component. With ovulation, the follicle decreases in
size and becomes hyperechoic due to the increase in the thickness of the wall. The
echogenicity of the luteal body increases due to the continued proliferation of granu-
losa cells.

The uterine tubes are not appreciable in normal conditions. With transverse scans
they may be identified in the proximal tract as a continuation of the uterine body.
With the TV approach the tubal isthmus can be recognized, appearing as a cylindrical
shape with a diameter of 2-3 mm. The distal tract of the tube is not visible unless there
is the presence of hydrosalpinx or peritoneal effusion.

The TVUS study of the uterus begins with longitudinal, median and paramedian
pelvic scans which make possible the calculation of the longitudinal and anteroposte-
rior diameters of the uterine fundus. These are followed by oblique transverse scans
(Fig. 6.3).

The uterus is situated in a median position in the pelvis, between the posterior wall
of the urinary bladder and the anterior wall of the rectum, and its borders are sharp
and regular.

In longitudinal scans the uterus is shaped like an inverted cone. The superior 2/3
correspond to the body and the inferior 1/3 to the cervix. The isthmus is barely iden-
tifiable. In transverse scans the body is ovoid in shape with a transverse long axis,
while the isthmus and cervix are rounded.
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Fig. 6.3a-c. Transvaginal ultrasonography. Uterus. a Longitu-
dinal scan. The arrowheads indicate the fully developed
endometrial cavity. b Oblique short-axis transverse scan at the
level of the uterine fundus. The arrowhead indicates the
endometrial cavity. c Oblique transverse scan at the level of the
cervix (asterisk). M, myometrium

The dimensions of the uterus are variable. In general it measures 7 cm from the top
of the fundus to the cervix, 5 cm transversally and 4 cm anteroposteriorly. With either
the TV or TA approach, under normal conditions with the urinary bladder relatively
empty, the axis of the uterine body forms an “angle of flexion” of around 150° with the
axis of the cervix, known as physiologic anteflexion of the uterus. Similarly, the longi-
tudinal axis of the uterus forms an angle of around 60° with the axis of the vagina,
known as physiologic anteversion. The structure of the myometrium is uniform, with
an intermediate-low signal similar to that of muscular tissue, which is constant
throughout the menstrual cycle. In particularly thin women, the arcuate vessels can be
visualized at the level of the anterior myometrium and appear as pulsating anechoic
tubular or ovoid structures.

The virtual uterine cavity can be recognized as a central line with variable
echogenicity in the different phases of the menstrual cycle. During menstruation the
endometrium is extremely thin, in that it is composed of only the basal layer. It
appears as a thin hyperechoic line, which is really due to the interface between the
anterior and posterior walls of the uterus. Under the stimulation of estrogen during
the follicular phase this central interface becomes bordered by an initially thin hypo-
echoic layer which progressively thickens. The hypoechoic layer, which represents the
endometrium proper, is marked by a weakly echoic line indicating the endometrial-
myometrial interface and the basal layer of the endometrium. Externally to this line is
a hypoechoic halo representing the vasculature. In the late follicular and periovulation
phase the thickness of the endometrium is generally 8-11 mm'.

Immediately after ovulation the endometrium becomes progressively hyperechoic
due to increased reflectivity produced by accumulation of mucus and secretions

' The thickness of the endometrium can be calculated both globally (myometrial-endometrial interface
from one part to the other) or by measuring each individual layer. The method used should be clearly
stated. The values reported here refer to the global measurement from one myometrial-endometrial inter-
face to the other
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Fig. 6.4a, b. Transvaginal ultrasonography. Uterus. Longitudinal scans. Examples of follicular phase. The images show the trilam-
inar appearance of the endometrium between the arrowheads

Fig. 6.5a,b. Transvaginal ultrasonography. a Longitudinal and b transverse scans. Uterus. Luteal phase. The endometrial cavity
(arrowheads) appears broadened and hyperechoic

(Fig. 6.4). During the luteal phase it may reach up to 14-16 mm in thickness. They hyperechogenicity
continues to increase due to stromal edema and the presence of glands increasingly rich in glycogen
and mucous secretions (Fig. 6.5).

The postmenopausal evaluation needs to bear in mind the clinical history of the patient and espe-
cially whether she is undergoing hormone replacement therapy (HRT). The endometrium (if not
completely atrophied, and therefore not visible) appears thin, uniform and hyperechoic (Fig. 6.6). In
general, a thickness less than 5 mm without focal thickening rules out the presence of significant
disease and is compatible with atrophy. The endometrium of a patient undergoing HRT may appear
slightly thickened. The examination, therefore, should be performed either at the beginning or the
end of a treatment cycle when the thickness of the endometrium is minimal and any pathologic
thickening is therefore more evident.

The presence of a layer of liquid in the uterine cavity of elderly patients is not necessarily a patho-
logic finding, in that it is probably due to the collection of mucous secretions.

In longitudinal scans performed during ovulation, the canal of the cervix appears as a small
hyperechoic line which broadens due to the glandular mucous secretion, which is why this portion
of the cervix has a higher echogenicity (Fig. 6.7). The walls of the cervix may be the site of Naboth
cysts, i.e. small mucous cysts due to the obliteration of the excretory ducts of the glands. They
appear as anechoic rounded formations with a diameter which varies from a few millimeters to
2-3 cm, and are of no pathologic significance.
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Fig. 6.6a,b. Transvaginal ultrasonography. a Longitudinal and b transverse scans. Postmenopausal uterus. The arrowheads
indicate the thinned, hyperechoic endometrial cavity

Fig. 6.7. Transvaginal ultrasonography. Longitudinal scan.
Uterine cervix. The arrowhead indicates the hyperechoic cervical
canal. The asterisks are positioned at the level of the vaginal
fornices

The vaginal portion of the cervical canal can be studied well with TV ultrasonog-
raphy, making possible the evaluation of the borders and adipose cleavage planes
with respect to the bladder, anteriorly, and the rectum, posteriorly.

The TV approach also enables study of the rectouterine pouch, the most sloping
portion of the peritoneal cavity, in which in normal conditions (during the menstrual
and periovulatory phase) a thin layer of liquid is normally appreciable.

Visualized with a suprapubic transducer, the vagina has a length varying from 7 to
10 cm. It appears as a thin, flat structure with a thickness of less than 1 cm and a
trilinear appearance produced by the coinciding walls (moderately echoreflective)
and the central interface (hyperechoic). The lumen is recognizable when it contains
menstrual blood. In transverse scans the posterior fornix can be identified as a cres-
cent-shaped anechoic layer.

The color Doppler examination completes the US study and is able to obtain infor-
mation about the vasculature of the ovaries and the uterus (Figs. 6.8, 6.9). The vascula-
ture of the ovaries can be identified well with color Doppler. There are two afferent
vessels: the ovarian artery (which arises directly from the aorta) and the ovarian branch
of the uterine artery. The study can visualize small arterioles in the stroma and the
Doppler trace shows intermediate resistance vessels without early diastolic notching.
The flow pattern is related to the various phases of the menstrual cycle, and therefore
undergoes changes in the postmenopausal period when the ovaries decrease in size and
the echogenicity increases in relation to the increase in the fibrous component.
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Fig. 6.8. Transvaginal ultrasonography. Flow pattern trace of
the right ovarian artery of a woman of fertile age. The asterisk
indicates a follicle in the preovulatory phase

Fig. 6.9a-c. Transvaginal ultrasonography. Color Doppler.
Woman of fertile age, follicular phase of the menstrual cycle.
Normal vasculature of the uterine fundus (a, axial scan), the
uterine body (b, longitudinal scan) and uterine cervix (c, longitu-
dinal scan). The arrowhead indicates the uterine cavity

The two uterine arteries are visible in the parametrium at the level of the transition
between the uterine body and cervix and are connected via the arcuate artery which
runs in the most superficial layer of the myometrium. The flow pattern of the uterine
artery depends on the uterine trophism. The blood supply is clearly greater during
menstruation: during the follicular phase the trace is similar to that of the internal iliac
artery. With the periovulatory decrease in estrogen there is a concomitant reduction
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in perfusion. Diastolic flow increases in the second luteal phase of the cycle. In the
postmenopausal period the diastole disappears from the trace.

Callen P (2007) Ultrasonography in obstetrics and ginecology. Elsevier Saunders,
Philadelphia

Derchi LE, Serafini G, Gandolfo N et al (2001) Ultrasound in gynecology. Eur Radiol 11:2137-
2155

Laing FC, Brown DL, Di Salvo DN (2001) Gynecologic ultrasound. Radiol Clin North Am
39:523-540

Anatomy in Computed Tomography

CT examination of the pelvis is rarely performed for purely gynecologic indications
since it is poorly suited to studying the endometrium in detail and the changes it
undergoes during the menstrual cycle. It can, however, correctly visualize the pelvic
bones and the psoas, iliac, internal obturator and pyriform muscles, the levator ani
muscle and the muscles of the pelvic floor. CT is also the best technique for identifying
pathologic calcifications, as can be found in uterine fibromyomas and at the level of
the lymph nodes. Like MR and US, CT is useful for establishing the relations of the
pelvic organs.

The examination is best performed with the urinary bladder moderately distended,
thus rendering the axis of the uterine body vertical and removing the bowel loops
from the lesser pelvis. It may also be useful to introduce around 100 mL of contrast
medium, diluted at 5-10%, into the rectum.

The CT examination involves acquisition of noncontrast-enhanced images, which
are indispensable in the diagnosis of acute hemorrhage, and a study during the
administration of nonionic iodinated intravenous contrast medium (300-350 mgl/mL;
120-130 mL; injection speed 2 mL/s). Arterial-phase acquisitions are generally not
requested, whereas the venous phase is important (around 70 s after injection of the
contrast medium). A late-phase scan (after 3-5 min) may be useful for the evaluation
of possible pathologic involvement of the bladder wall or the distal ureteric tract.

The ovaries are usually well visualized and are located in the ovarian fossa, anterior
to the ureters and posterolateral to the uterus. The anatomic landmark for visualiza-
tion of the ovary is the tubal angle of the uterus (Fig. 6.10).

The dimensions of the follicles vary with the phases of the menstrual cycle. The
maximum diameter, which is measured shortly before ovulation, may reach and
exceed 2 cm.

On CT the uterus, covered with peritoneum which is continuous over the urinary
vault and which posteriorly ascends the anterior wall of the rectum to form the
rectovesical pouch, appears as a triangular or oval parenchymal structure related to
the bladder posterosuperiorly. The uterine body is usually triangular in shape, while
the uterine cervix is more cylindrical. Nonetheless, uterine morphology at CT is vari-
able, depending on the scan plane, the spatial orientation of the organ itself and, of
course, the planes used in the multiplanar reconstructions (MPR). Similarly, the
dimensions and position of the uterus vary in that they are influenced by a variety of
factors, including age and hormonal state. In baseline conditions the endometrial
secretions produce a central and elongated area of hypoattenuation. During the
menstrual cycle, variations in the endometrial and myometrial thicknesses can be
observed. In general the cervix appears of uniform density, often slightly hypoattenu-
ating with respect to the remainder of the uterus, and rounded in appearance when
the section is perpendicular to its long axis (Fig. 6.11).

In a woman of fertile age the uterine body has variable dimensions from 5 to 8 cm.
The cervix normally measures no more than 3 cm in axial scans.
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Fig. 6.10a,b. Computed tomography. Normal anatomy of the ovary. a Axial scan. Several small follicles are identifiable in the right
ovary (arrowhead). b Coronal reconstruction. Both of the ovaries are appreciable (arrowheads) with several follicles. B, urinary bladder;
U, uterus

Fig. 6.11a,b. Computed tomography. Normal anatomy of
the ovary. a Axial scan. b Sagittal reconstruction. The dot is posi-
tioned in the endometrial cavity. The arrowhead indicates the
basal layer of the endometrium, which is enhanced after the
injection of contrast medium. The cervix (asterisk), due to the
greater stromal component, appears hypoattenuating in compar-
ison to the myometrium of the uterine body and fundus. The
arrows indicate the ovaries. B, urinary bladder

On CT images the vagina is characterized by a density similar to that of the
surrounding soft tissue and appears as a flattened transverse structure which widens at
the level of the fornices situated lateral to the cervix. The virtual vaginal lumen cannot
be clearly identified. It is best visualized with the insertion of a tampon (Fig. 6.12).

The layer of connective tissue underlying the peritoneum, which is continuous with
the base of the broad ligament and surrounds the supravaginal part of the cervix,
comprises the parametrium. The distal pelvic tract of the ureter can be identified
running some 2 cm lateral to the uterine cervix.
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Fig. 6.12a-c. Computed tomography. Normal anatomy of the
vaglna Scans performed at the level of the fornices (a), the mid
third (b) and the inferior third (c). In the latter a vaginal tampon
can be distinguished (arrow). The arrowheads in a indicate the
vaginal fornices. B, urinary bladder R, rectum

A

Structures which can be visualized on CT include the uterine ligaments, especially
when they are thickened after radiotherapy. The round ligament has a ribbon-like
appearance, and the broad ligament is readily identifiable due to the structures it
contains or which surround it. The cardinal ligament, in contrast, is not always visible
along its entire course, which from the cervix and the superior part of the vagina,
reaches the fascia of the internal obturator muscle.

The injection of contrast medium enables identification of the uterovaginal vascular
plexus. The two ovarian arteries can be distinguished only during the arterial phase.
The ovarian vein can be visualized, especially postnatally or if ectasic, at the level of
the psoas muscle, lateral to the ureter.

Kliiner C, Hamm B (2007) Normal imaging findings of the uterus. In: Hamm B, Forstner R
(eds) MRI and CT of the female pelvis. Springer-Verlag, Berlin

Anatomy in Magnetic Resonance

Magnetic resonance (MR) has taken on a pre-eminent role in the diagnostic imaging
of the female pelvis. The technique provides excellent visualization of the female
genital organs, and thanks to its panoramic views also enables a complete examina-
tion of the pelvic region and its structures (lymph nodes, bone and muscles of the
pelvic wall). It has high contrast resolution, and with t