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Foreword

Over the last two generations there has been a dramatic change in reproductive patterns world-
wide — mainly postponing pregnancy. In Brazilian society, as in many other developing coun-
tries, birth rates have plummeted to unprecedented levels, and the age for first pregnancies has
matched European customs. What does a decrease in the ability to conceive due to oocyte
aging mean, especially when it requires increasingly assisted reproductive treatments?

Within this context, considering the routine use of laparoscopy in the late 1970s, from the
diagnostic work-up to follicular aspiration for in vitro fertilization, remarkable advances were
made during the last few decades. At IVF laboratories it is possible to cryopreserve gametes
and embryos with the same recovery rates, to fertilize oocytes from severe sperm conditions,
or to take biopsies from embryos in order to avoid a host of genetic diseases. On a daily basis,
ultrasound guidance estimates ovarian stimulation, and permits oocyte recovery or the correct
embryo placement in the uterine cavity.

Imaging techniques also experienced a true revolution in evaluating the pelvic cavity with
great detail and accuracy, making it possible to detect pathologies at the very early stages of
pregnancy. This new approach has changed the understanding of reproduction and promoted
better decisions to enhance pregnancy outcomes. Perhaps endometriosis may represent this
new trend, where the precise initial diagnosis could modify the therapeutic management, but
also prevent surgeries without the correct approach.

However, all these advances require the proper training of qualified professionals to cor-
rectly transmit this range of information and to put new technologies and equipment to proper
use. A continuous exchange between imaging specialists and gynecologists, endocrinologists,
urologists, or anyone else dealing with infertility, will promote ideal interaction for the benefit
of infertile patients.

Sao Paulo, Brazil Eduardo Leme Alves da Motta
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Anatomy and Embryology

Mariana Kefalas Oliveira Gomes and Luis Ronan Marquez

Ferreira de Souza

Anatomy of the Genital System

The female pelvis comprises organs that produce gametes
and are responsible for their transport, as well as the bone
and muscle support structures. The pelvis can be divided into
the pelvic structure and internal and external genitalia [1, 2].

Pelvic Structure
Hip Bone

The skeleton of the pelvis is formed by the sacrum, coccyx,
and the hip bones (ilium, ischium, and pubis) that previously
merged to form the pubis symphysis.

The sacrum and coccyx are an extension of the backbone,
resulting from the five fused sacral vertebrae; they are con-
nected by a symphysis type of articulation that allows for
some movement.

One of the key points of the sacrum is the promontory, the
most prominent and anterior projection, which is located just
below the bifurcation of the level of the common iliac arter-
ies. It is an important point of reference for the insertion of a
laparoscope and for sacrocolpopexy.

The two hip bones are then posteriorly articulated to the
sacrococcygeal region of the spine, and previously between
themselves, through the pubic symphysis, both being semi-
mobile joints. A plane passing through the arched line, and
the top edge of the pubic symphysis, divides the pelvis into
the greater pelvis (above it) and lower pelvis (below it); this
is known as the true pelvis.
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Muscles, Support Structures, and Ligaments

The muscles of the pelvis include those of the sidewall and
pelvic floor (Fig. 1.1). They pass into the gluteal region in
order to help thigh rotation and adduction. They include
the piriformis, the internal stop valve, and the iliopsoas.

The pelvic and urogenital diaphragms form the pelvic floor.
The former is a funnel-shaped fibromuscular partition that cre-
ates the primary support structure for the pelvic organs. It com-
prises the anus levator muscles (pubococcygeus, puborectal,
and iliococcygeal) and coccyx, together with its upper and lower
fascia. The loss of normal tonus of the anus levator, by direct
muscle denervation or injury, results in sagging of the urogenital
gap that is involved in the beginning of prolapse in females.

The muscles of the urogenital diaphragm (deep trans-
verse perineal muscle and urethral sphincter) reinforce the
front of the pelvic diaphragm, and are protected by upper
and lower fascia of the urogenital diaphragm-pubovesico-
cervical ligament.

The urogenital diaphragm is closely related to the vagina
and urethra, and an injury to the diaphragm is associated
with cystocele and urethrocele.

Fig. 1.1
anatomy

Transvaginal ultrasound of the ovary, showing the normal
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Vascularization and Lymphatic Drainage

The main arteries that irrigate the pelvic structures and the
organs are shown in Fig. 1.2:

(a) Median sacral artery — a single vessel located on the
mid-line, emerging from the posterior part of the termi-
nal aorta. It supplies the bone and muscular structures of
the posterior pelvic wall.

(b) Internal iliac arteries (hypogastric) — originate from
the common iliac arteries (terminal division of the
aorta at the level of the fourth lumbar vertebra). They
move down close to the ureter, and branch out into
further divisions consisting of the following arteries:
superior gluteal, lateral sacral, iliolumbar, and its pre-
vious division consisting of the obturator artery, inter-
nal pudendal, umbilical, superior, media and inferior
bladders, rectal media, uterine, and vaginal and infe-
rior gluteal.

(c) Ovarian arteries — originate at the ventral surface of the
aorta, just below the origin of the renal vessels. They
cross near the common iliac vessels; in proximity to the
ureter, it departs from its course, crossing over the ureter
while running superficial to the psoas muscle, and then
laterally to the ureter, where it enters the pelvis as part of
the infundibulopelvic ligament. They supply with blood
the ovaries, fallopian tubes, and broad ligament. If the
hypogastric arteries, ovarian arteries, sacral or inferior
mesenteric need suturing, direct branches of the aorta
will supply blood to the pelvic structures once irrigated
by the hypogastric arteries.

The venous system accompanies the arteries, except for
the ovarian arteries, in which the right one opens into the
inferior vena cava, and the left into the left renal vein.
Lymphatic drainage, however, is accomplished by lymph
vessels that originate in the walls of the uterus, fallopian
tubes, ovaries, and vagina, heading for the internal and exter-
nal iliac, common iliac, aortic (para-aortic), and superior and
profound inguinals. Among the most important lymph nodes,
Cloquet’s (or Rosenmiiller’s) can be mentioned; these are the
highest of the deep inguinal lymph nodes, located at the
opening of the femoral canal.

Fig. 1.2 Pelvic MRI, Sagittal TSE T2 weight, demonstrating the nor-
mal zonal anatomy of the uterus
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Innervation

The pelvis is innervated by both the autonomic and somatic
nervous systems.

Somatic innervation is carried by the lumbosacral plexus,
which provides motor and sensory innervation to the lower
wall, the pelvic and urogenital diaphragms, the perineum and
the hip, and the lower extremities. The responsible nerves are
the iliohypogastric, ilioinguinal, side femoral cutaneous,
femoral, genitofemoral, obturator,superior and inferior glu-
teus, posterior cutaneous of the thigh, sciatic, and pudendal.

Autonomic innervation, however, is accomplished by the
following plexus:

(a) Aortic, located laterally to the spine;

(b) Ovarian, responsible for the innervation of the ovaries,
fallopian tubes and part of the broad ligament;

(c) Inferior mesenteric, which innervates the left colon, the
sigmoid and rectum;

(d) Superior hypogastric or pre-sacral plexus is responsi-
ble for pelvic innervation. It is the continuation of the
aortic plexus, under the peritoneum in front of the ter-
minal aorta, the fifth lumbar vertebra and the promon-
tory, medial to the ureters. Just below the promontory,
the superior hypogastric plexus is divided into two
loosely arranged nerve trunks, the hypogastric nevi.
These nerves course below and laterally, to connect
themselves to the inferior hypogastric plexus, a dense
network of nerves and ganglia that are situated at the
side wall of the pelvis, superposing the internal iliac
vessels.

The inferior hypogastric plexus includes efferent, afferent
(sensory), and parasympathetic fibers that emerge from the
splanchnic pelvic nerves. It is divided into the bladder plexus,
middle rectal plexus, and uterovaginal plexus.

Internal Genitalia
Ovary
The ovaries are a pair of gonadal structures that are sus-

pended between the pelvic wall and the uterus by the infun-
dibulopelvic ligament, laterally, and by the utero-ovarian

ligament, medially. At the bottom, the hilar surface connects
to the broad ligament by its mesentery, in a dorsal position to
meso fallopian tubes and the uterine tube. Primary neurovas-
cular structures — the ovarian arteries that supply the ova-
ries —reach the ovary through the infundibulopelvic ligament.
The size of the ovaries are approximately 3—4 cm long, 2 cm
wide, and 1 cm thick; they weigh 3-9 g.

Each ovary consists of a cortex and a medulla, and is cov-
ered by a single layer of cuboidal epithelium. The cortex
consists of specialized stroma and follicles in various stages
of development or regression. The medulla is located in the
hilar portion and consists of fibromuscular tissue and blood
vessels (Fig. 1.1).

Uterine Tubes

The uterine tubes are hollow, paired structures located in the
mesofallopian tubes. They range from 7 to 12 cm in length
and are about 1 cm in diameter [3]. They are divided into
four parts: infundibular — terminal where the fimbriae
approach the ovarian surface, aiding in the capture of gam-
etes; ampullary — longest portion, with a more tapered diam-
eter, and greater lateral walls; isthmic — shorter, and with
thicker walls, closer to the uterine wall; and interstitial,
which lies within the uterine wall, and forms the tubal ostia
in the endometrial cavity (Fig. 1.3).

Fig. 1.3 Hysterosalpingography of a normal uterus. The arrow are
demonstrating the uterine tubes
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located in the vagina, approximately 3 cm in length, consisting
of a few muscle fibers, but large amounts of connective tissue.

The uterus is lined internally by the endometrium (mucosa
and submucosa), and externally by serosa, a peritoneum that
covers the uterus and determines the appearance of recto-
uterine and vesicouterine reflections. The smooth muscles
that compose the myometrium (smooth muscle layer between
the endometrium and serous) intertwine in all directions, and
form four layers: submucosal stratum, vascular stratum
(where the arcuate arteries are identified), supravascular stra-
tum, and subserosal stratum.

The irrigation of the uterus is performed by the uterine
arteries that direct themselves superior to the uterus, tortu-
ously, through the lateral margin, resulting in anterior and
posterior rami. They terminate with the tubal and ovarian
rami (anastomosis with ovarian artery). The initial ramus of
the uterine arteries are the arcuate arteries, which are
divided into the radial arteries that penetrate deep into the
myometrium and come from the following radial arteries:
straight arterioles, that reach deep into the endometrial
third (and are responsible for constant movement, not being
affected by changes in the menstrual cycle), and the spiral
arterioles, which reach the upper third of the endometrium
and change with the menstrual cycle.

The lymphatic drainage of the body goes to the para-
aortic lymph nodes, while those that drain the region of the
isthmus and cervix head to the hypogastric lymph nodes,
obturators, and external iliac.

Vagina

The vagina is a fibromuscular tubular organ located infe-
riorly between the vulvar vestibule and the uterus, located
superiorly, just above the cervix. It is about 10 cm long
and extends in a superposterior direction; it is 3 cm lon-
ger at the posterior wall. The spaces between the cervix
and the vagina are known as the anterior, posterior, and
lateral vaginal fornix. The posterior fornix is of essential
importance since it is a means of easy access to the peri-
toneal cavity.

The vagina is linked to the side pelvic wall by fascial
endopelvic connections, and to the tendinous arch (white
line), which extends from the pubis to the ischial spine. This

connection converts the vaginal lumen into a transverse
opening, with the anterior and posterior walls in apposition;
the lateral space where the two walls meet is called the vagi-
nal sulcus. The lower vagina is slightly narrowed as it passes
through the urogenital hiatus in the pelvic diaphragm; the
upper vagina is more spacious.

The vaginal mucosa consists of a mucous layer of stratified
squamous non- keratinized epithelium, without glands; a mus-
cular layer of connective tissue and smooth muscle; and the
adventitia, composed of endopelvic fascia that separate the
lower urinary and gastrointestinal systems. Before that, the
vagina is in close contact with the urethra, bladder neck, trigo-
nal region, and posterior bladder; later, it is associated with the
perineal body, anal canal, lower rectum, and posterior fornix.

The vagina is irrigated by the vaginal artery and branches
that derive from the uterine arteries, rectal media, and inter-
nal pudenda. The lymphatic drainage of the lower portion of
the vagina is done for femoral and inguinal lymph nodes,
while the upper two-thirds drain into the hypogastric lymph
nodes, obturators, and external iliac.

External Genitalia
Vulva

The vulva consists of the mons pubis, larger and smaller
labia, clitoris, hymen, greater vestibular glands orifice, pos-
terior labial commissure, para-urethral glands orifice, vagi-
nal ostium, and urethral ostium. Its lymphatic drainage leads
to the superficial inguinal lymph nodes.

Perineum

The perineum is located at the lower end of the trunk,
between the buttocks. Its bony boundaries include (anteri-
orly) the inferior edge of the pubis symphysis, (posteriorly)
the tip of the coccyx, and (laterally) the ischial spines. These
reference points correspond to the pelvis output limits, and,
looking at it, it is the area between the anus and the vagina,
which receives the inserts of the urogenital diaphragm mus-
cle (Fig. 1.4). It is bounded (anteriorly) by the urogenital
trigones, and (posteriorly) by the anal trigone.
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Urogenital Trigone

The perineal floor is composed of skin and two layers of
superficial fascia. The superficial perineal compartment lies
between the superficial perineal fascia and the lower fascia
of the urogenital diaphragm (perineal membrane). It includes:

(a) Erectile bodies — the vestibule bulbs, which are 3 cm.
highly vascularized structures,that surround the vesti-
bule and are located under the bulbospongiosus muscle;

(b) Muscles — ischicavernous, bulbospongiosus, and peri-
neal superficial transverse; and

(c) Vestibular glands — located on each side of the vestibule,
under the rear end of the vestibule bulb. They drain the
region between the hymen and labia, and their secretion
helps maintain proper lubrication.

In the next depth level is the urogenital diaphragm, which
contains the urethra, the vagina, two fascias, and support
muscles (described above). They are located between the
ischiopubic rami, covered by the triangular membrane,
which complete the pelvic support.

Perineal Body

The perineal body, or central tendon perineum, is critical for
the rear support of the lower portion of the anterior vaginal
wall. It is a triangle-shaped structure that separates the distal
portion of the anal and vaginal canals, beginning at the con-
vergence of tendon fixations of the bulbospongiosus muscle,
external anal sphincter, and perineal superficial transverse
muscle. It is the central connection between the two support
layers of the pelvic floor — the pelvic and urogenital dia-
phragms [4].

Anal Trigone

The anal trigone includes the lower end of the anal canal.
The external anal sphincter that surrounds the anal trigone,
and the ischiorectal fossa, are found on each side.

The ischiorectal fossa is bound, laterally, by the fascia
of the internal obturator, and, medially, by the anus eleva-
tor muscles, coccyx, and anal sphincter. It is a space out-
lined by fascias, inferiorly located between the skin of
the perineum, and, superiorly, by the pelvic diaphragm.
The latter comprises the levator muscle of the anus and
the coccyx.

The urinary and genital systems have a common depen-
dency of several interdependent structures for support. The
cardinal and uterosacral ligaments are condensations of the
endopelvic fascia, that support the cervix and upper vagina,

on the anus levator. The anterior distal vagina and the ure-
thra are anchored to the urogenital diaphragm, and the pos-
terior distal vagina to the perineal body. Laterally, the
middle vagina is connected through the paracolpos to the
tendinous arch of the upper pelvic fascia.

Embryology of the Genital System

The sex of the embryo, determined at fertilization — 46XX or
46XY - remains indistinguishable between the female and
male genders in the embryonic stage. Male sexual differen-
tiation is an active process, requiring the presence of the SRY
gene, located on the short arm of chromosome Y.

For the development of internal reproductive organs,
primordial germ cells derived from the primitive ecto-
derm, migrate from the yolk sac, by the mesentery of the
hindgut to the mesenchyme of the posterior body wall,
near the level of the tenth thoracic vertebra. In a sequence
around the fifth week of pregnancy, the proliferation of
cells in the adjacent mesonephros and coelomic epithe-
lium are induced to form the genital ridges, medial to the
mesonephros. Stem cells are the precursors of oocytes and
spermatogonials.

The testicular differentiation begins around the sixth
week of intrauterine life, with the presence of the testicular
determining factor, present in the SRY region of the Y chro-
mosome. By the seventh week, the degeneration of the
gonadal cortex and medullary differentiation of gonads in
the Sertoli region cells occur, forming the testicular cords,
where the germ cells are located. Sertoli cells produce the
androgen-binding protein, which maintains a high local con-
centration of androgens, and it will be important to form the
male internal genitalia and spermatogenesis. The production
of androgen will depend on the Leydig cells, formed from
the mesenchyme of testicular cords, after the eighth week of
pregnancy.

The ovarian differentiation, which takes place passively,
2 weeks after testicular differentiation (by the absence of the
testicular determining factor), begins with the transforma-
tion to oogonia. The oogonia are surrounded by cells of the
superficial epithelium (future granulosa cells), and form the
primordial follicles. Oogonia enter the first meiotic division
(prophase 1) as primary oocytes, at which point the develop-
ment is suspended until puberty. There are six to seven mil-
lion of them in the first half of pregnancy, but by undergoing
intensive atresia during the second half of pregnancy, there
are around one to two million at birth.
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Differentiation of the Internal Genitalia

Initially, every human being has two pairs of genital ducts,
which are the mesonephric (Wolffian) ducts and the parame-
sonephrics (Mullerian) ducts (Fig. 1.4). The Wolf ducts pro-
duce the epididymis, seminal vesicle, and vas deferens. In
females, the fallopian tubes, uterus, and upper part of the
vagina originate from paramesonephric ducts.

In the male embryo, Leydig cells begin to produce testos-
terone around the eighth week of intrauterine life, and the
Sertoli cells produce the anti-Miillerian hormone (AMH);
the latter causes regression of the paramesonephric ductal
system. The inhibitory action of AMH on Miiller canals is
local and unilateral, influencing canalicular differentiation,
according to the ipsilateral gonad. Thus, testosterone
becomes responsible for the evolution of the mesonephric
duct system, vas deferens, epididymis, seminal vesicles, and
ejaculatory duct.

In the female embryo, the absence of the Y chromosome
and functional testicle determines the absence of AMH, thus
allowing the differentiation of paramesonephric ducts. These
are formed on the sides of the mesonephric ducts; they grow
caudally, and then medially to fuse the medical line. They
join the urogenital sinus in the posterior urethra region, in a
slight thickening known as genital tubercle.

Cranially, the Miillerian ducts open into the abdominal
cavity. At the midline they come into close contact with the
paramesonephric duct from the opposite side. The two ducts

are separated by a septum that disappears in week 9 to form
the uterine canal. With the descent of the ovaries, the first
two parts develop into the uterine tubes and the caudal part
fuses to form the uterine canal, giving rise to the body and
cervix of the uterus. The endometrial stroma and myome-
trium are differentiated from the surrounding mesenchyme.
There is an initial permanence of a vertical septum fusion,
which disappears cranially, with full vaginal canalization
between the 18th and 22nd weeks of gestation, ending the
formation of the internal genitalia.

The remnants of Wolf ducts in females (present in 25% of
adult women) are Morghani hydatids, paraooforo, and
Gartner ducts.

Fig.1.4 Transvaginal ultrasound of the uterus
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Differentiation of the External Genitalia

At the beginning of the fifth week of embryonic life, tissue
folds are formed on each side of the cloaca, and they meet
above the midline to create the genital tubercle. With the
division of the cloaca by the urorectal septum and conse-
quent formation of the perineum, these cloacal folds were
previously known as the "anal folds." By the eighth week,
the genital tubercle begins to grow, and at the same time
labioscrotal bumps and urogenital folds emerge.

In the female embryo, the genital tubercle’s growth
diminishes and becomes the clitoris, and the urogenital
folds become the labia minora. On the sides of the uro-
genital folds, another pair of dilatations develop — the
labioscrotal saliences — and the labia majora develop in
the absence of androgens. The final urogenital sinus origi-
nates in the vaginal vestibule, into which the urethra, the
vagina, and the larger glands open. The external genitalia
differentiation process will end around the 20th week in
females.

The masculinization of the external genitalia takes place
by the action of dihydrotestosterone — a testosterone metab-
olite — through the action of a Sa-reductase enzyme. Its end
occurs around the 14th week of gestation. The genital tuber-
cle creates the penis, and the labioscrotal saliences are
responsible for the development of the scrotum, the urogeni-
tal folds, and the urethra.

Abnormalities in the development of the urinary and geni-
tal systems can be explained and understood after taking into
account male and female embryonic development. Due to
the intertwined development of these two systems, abnor-
malities in one may be associated with abnormalities in the
other. About 10% of infants are born with some abnormality
of the genitourinary system.

Development problems, apart from having a significant
role in the differential diagnosis of certain clinical signs and
symptoms, have special implications for reproductive life
and pelvic surgery. For this reason, it is important to have
basic knowledge of the embryology of the genital system.
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Polycystic Ovarian Syndrome

Ana Luisa Alencar De Nicola and Harley De Nicola

Introduction

Polycystic ovarian syndrome (PCOS) was first described by
Stein and Leventhal [1] in 1935. They reported the pathog-
nomonic appearance of the ovaries seen during laparotomy
in seven patients with hirsutism and amenorrhea (Fig. 2.1).
The histological findings after surgical resection wedge were
prominent teak, fibrotic thickening of the albuginea tunic,
and antral follicles in excessive numbers [1].

The involvement of the hypothalamic-pituitary axis in
PCOS has been increasingly reported in other studies, when
the biochemical criteria acquired are of paramount impor-
tance to its diagnosis [2]. Elevated serum levels of luteinizing
hormone, testosterone, and androstenedione, in association
with normal or low levels of follicle-stimulating hormone,
characterize a profile associated with this pathology [3].

The pathophysiology of PCOS is not completely under-
stood. Between 16% and 25% of healthy women may show
morphology of polycystic ovaries on ultrasound without
associated hormonal changes [4], and the development of
PCOS requires additional factors [5, 6]. At any rate, its early
diagnosis is essential for identifying the potential risk of
metabolic disorders and cardiovascular diseases. Many of
these patients show a resistance to insulin and hyperinsu-
linemia, abnormal levels of lipoproteins, and lipids and
fibrynolisis changes (Scheme 2.1).

The clinical presentation is variable, but usually includes
trace or anovulation, hyperandrogenism (clinical and/or lab-
oratory,) and the appearance of polycystic ovaries. A combi-
nation of these three conditions — or all of them — may be
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present, so the diagnosis is a complex challenge and a con-
troversial issue.

In 1990 at a conference on PCOS, the U.S. National
Institutes of Health (NIH) recommended that the diagnos-
tic criteria include hyperandrogenism with no other appar-
ent causes, such as adrenal hyperplasia and ovulatory
dysfunction. The morphology of polycystic ovaries in
ultrasound has been considered prevalent, but not essential
for diagnosis [7].

The need to redefine PCOS and to include an ultrasound
aspect of polycystic ovaries in the diagnosis prompted a
consensus meeting of the ASRM/ESHRE that took place in
2003 in Rotterdam. According to this new setting, the diag-
nosis of PCOS requires the presence of two of the following
three criteria: Oligo/anovulation; hyperandrogenism (clini-
cal and/or laboratory); and polycystic ovaries, excluding
other etiologies [8]. Thus there are two definitions in the
literature for PCOS (Table 2.1); at any rate, PCOS usually
manifests in the early years of reproductive life and is con-
sidered the most common endocrine disorder in women. A
prevalence of 6-10% is estimated, according to criteria of
the NIH, and up to 15% when the Rotterdam consensus
parameters are used [9].

In 2010 there was a new ASRM/ESHRE consensus meet-
ing in Amsterdam, where special attention was paid to the
diagnosis of PCOS in adolescent patients. For this group, the
diagnosis of PCOS when the following three parameters are
present is considered: Oligo/anovulation; hyperandrogenism
(clinical and/or laboratory); and polycystic ovaries, exclud-
ing other etiologies [9].

L.R.M.F. de Souza et al. (eds.), Atlas of Imaging in Infertility, DOI 10.1007/978-3-319-13893-0_2
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Fig. 2.1 Pathognomonic appearance of the polycystic ovary at lapa-
rotomy. Enlarged ovary with multiple small follicles (Image courtesy of
Dr. Dorival Gomide Ramos)

Scheme 2.1 Pathophysiology of polycystic ovary syndrome

Table 2.1 Polycystic Ovary Syndrome definitions

Authors
NIH, 1990

ASRM/ESHRE
Rotterdam, 2003

Criteria
Hyperandrogenism, without other
causes; and oligo/anovulation
Two of three:
Oligo/anovulation
Hyperandrogenism
Polycystic ovary on ultrasound
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Imaging Findings

The findings of ovaries with polycystic morphology can be
quite common in the imaging methods of the female pelvis.
In a study involving 230 women between the ages of 18 and
25, the morphology of polycystic ovaries was found on ultra-
sound in 74 (33%) of them [10]. About 80% of these patients
had signs and symptoms of PCOS, usually moderate, while
20% did not have any hormonal or ovulatory change [4].

Pelvic ultrasound is the most commonly used method for
identifying polycystic ovaries. It is easy to visualize the
increased volume of ovaries with more evident stroma and
multiple small follicles that make up the appearance of small
cysts that are very different from the normal ovary (Figs. 2.2
and 2.3).

The transvaginal approach is the best one for identifying
polycystic ovaries, mainly due to increased spatial resolution
that makes a detailed assessment of the internal structures of
the ovaries possible. Often an ovary that has a more homoge-
neous echotexture by the abdominal approach shows poly-
cystic morphology in transvaginal examination, especially in
obese patients. The detection of polycystic ovaries is virtu-
ally the same (about 78%) on transabdominal and transvagi-
nal ultrasound ovaries [11].

In 1985, Adams et al, still using transabdominal ultra-
sound, defined a polycystic ovary as one that in a single cut-

Fig.2.2 Transvaginal sagittal image of normal ovary

ting plane has at least 10 follicles, that is usually between 2
and 8 mm in diameter, and is distributed circumferentially
around a central dense stroma [12] (Figs. 2.4,2.5,2.6 and 2.7)
Many other studies used the Adams criteria for the diagnosis
of polycystic ovaries, and one of them concluded that viewing
polycystic ovaries in ultrasound could be the key to the diag-
nosis of PCOS in patients with signs and symptoms [13].

Over time, a number of other descriptions have been pro-
posed to set the morphology of polycystic ovaries on ultra-
sound, all based on the main histologic features: excessive
number of follicles, and stroma hypertrophy. The increase in
ovarian volume or the stroma area, stromal hyperecho-
genicity, the relationship between the stromal and ovarian
areas, and the relationship between the ovarian and uterine
volumes were also described and the parameters were tested.

The denser ovarian stroma is an important parameter for
histopathologic diagnosis [14]. In ultrasound, the ovarian
stroma should theoretically be less echogenic than the myo-
metrium [8]. The hyperechoic stroma (Fig. 2.8) had a sensi-
tivity of 94% and specificity of 90% for the diagnosis of
polycystic ovaries in a study that compared women with
PCOS with a control group [15]. In a study in which the
echogenicity of the stroma was measured in a formula that
took into account the number of pixels per area examined,
the values found in PCOS patients were not significantly
different [16].

Fig. 2.3 Transvaginal image of polycystic ovary. The enlarged ovary
with more evident stroma and multiple small follicles that make up the
appearance of small cysts
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Fig. 2.7 Transvaginal image of a polycystic ovary as described by
Adams: at least 10 follicles, usually from 2 to 8 mm in diameter, distrib-
uted peripherally around a central dense stroma

Fig. 2.4 Transabdominal image of a polycystic ovary as described by
Adams: at least 10 follicles, usually from 2 to 8 mm in diameter, distrib-
uted circumferentially around a central dense stroma

Fig. 2.8 Transvaginal B mode image of polycystic ovary shows a
hyperechoic central stroma

Fig. 2.5 Transvaginal image of a polycystic ovary as described by
Adams: at least 10 follicles, usually from 2 to 8 mm in diameter, distrib-
uted peripherally around a central dense stroma

Fig. 2.6 Transvaginal image (axial view) of a polycystic ovary as
described by Adams: at least 10 follicles, usually from 2 to 8 mm in
diameter, distributed peripherally around a central dense stroma
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Dopplerfluxometry

Angiogenesis is an important histological component of
follicular luteinization. This neovascularization occurs by
luteinizing hormone stimulation and is mediated by local
production of the endothelial growth factor [17]. The
intra-ovarian stromal blood flow can be seen on a colored
Doppler, and is usually increased significantly in the poly-
cystic ovaries relative to normal ovaries (Figs. 2.9 and 2.10).
The intra-ovarian blood flow was observed in the early fol-
licular phase in 88% of patients with PCOS, and in 50% of
normal patients [18]. The increase in intra-ovarian stromal
vascularization is also considered an important parameter
for predicting the response to stimulus for in vitro fertiliza-
tion [19].

Aiming to standardize and make diagnosis more repro-
ducible, a consensus reached at the ASRM/ESHRE meeting
in Rotterdam in 2003 reviewed the various parameters and
defined as polycystic those ovaries that have one of the fol-
lowing conditions: 12 or more follicles of 2-9 mm in diam-
eter, or an increase in volume (more than 10 cm?®) [8]
(Figs. 2.11 and 2.12).

The threshold of 12 or more follicles between 2 and 9 mm
was the best for the diagnosis of PCOS (sensitivity 75% and
specificity 99%) [17]. The value of ovarian volume was mainly
defined, because the reviewed studies rarely showed normal
ovaries with more than 10 cm®. The hypertrophy of the stroma
contributes to the increase in the global ovarian volume; the
latter parameter is more objective and less subject to technical
variations, as interpretation from the examiner or equipment
settings. They also recommend that [8]:

e The subjective impression of the examiner should not
replace these parameters, except in patients who use oral
contraceptives, in which case the ovarian volume can be
normal and the polycystic appearance may persist.

e The arrangement of follicles, if peripheral or scattered by
the stroma, does not need to be reported.

e If only one ovary meets one of the criteria, it is enough for
the characterization of polycystic ovaries.

e [f there is one dominant follicle (more than 10 mm in
diameter) or lute body, the test must be repeated in the
next cycle (Fig. 2.13).

e The patient with a morphology of polycystic ovaries on
ultrasound, but is asymptomatic (no signs of hyperan-
drogenism or anovulation) should not be diagnosed with
polycystic ovary syndrome.

As for the technique of the examination, the Rotterdam
consensus orients the following standardization [8]:

e The examination should be performed by an examiner
trained to use modern equipment.

e The transvaginal approach is preferred, especially in
obese patients.

e The examination should be performed in the early fol-
licular phase, between days 3 and 5 of the cycle. In cases
of patients with amenorrhea or oligomenorrhea, it can be
random or shortly after bleeding induced by progesterone.

e The ovarian volume is calculated using the formula for an
elongated ellipse (0.5 x length x depth X thickness).

e The counting of follicles should be done in two cutting
planes (Figs. 2.14 and 2.15), and the follicular measure
should be the average of the diameters obtained in the three
planes (longitudinal, transverse, and anteroposterior).

The definition proposed by the Rotterdam consensus is
simpler and more straightforward. The main argument used
by the authors is that the standardization of quantitative
parameters (follicle count and volume measure) rather than
qualitative (such as increased echogenicity of the stroma or
increased vasculature) becomes the most assertive and most
reproducible method.

In 2010, the new consensus was held in Amsterdam,
which added a particularity in the consideration of ovaries
with polycystic morphology on ultrasound in adolescent
patients. For this group, the two characteristics should be
present: 12 or more follicles from 2 to 9 mm in diameter and
an increase in volume (more than 10 cm?) [9].

Fig. 2.9 Transvaginal Doppler sonogram of polycystic ovary shows an
increased intra-ovarian stromal vascularization
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Fig. 2.10 Transvaginal Doppler sonogram of polycystic ovary shows
an increased intra-ovarian stromal vascularization

and an increase in volume, but with a dominant follicle (more than
10 mm in diameter). The test must be repeated in the next cycle

Fig. 2.11 Transvaginal image of polycystic ovary as described at the
Consensus meeting of ASRM/ESHRE in Rotterdam (2003). Parameters:
12 or more follicles of 2-9 mm in diameter or an increase in volume
(more than 10 cm?). The arrangement of follicles, whether peripheral or
scattered by the stroma, does not need to be reported

Fig. 2.14 Transvaginal sagittal image of polycystic ovary.
ing of follicles should be made in two cutting planes

Fig. 2.12 Transvaginal image of polycystic ovary as described at the
Consensus meeting of ASRM/ESHRE in Rotterdam (2003). Parameters:
12 or more follicles of 2-9 mm in diameter or an increase in volume
(more than 10 cm?). The arrangement of follicles, whether peripheral or
scattered by the stroma, does not need to be reported

Fig.2.15 Transvaginal transverse image of polycystic ovary. The same
ovary showed in a sagittal image in Fig. 2.14
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Policystic Ovaries vs Multifollicular Ovaries the stroma (Fig. 2.17) and are often associated with amenor-

rhea by a GnRH deficiency, such as those associated with
In 1985, Adams et al described the multifollicular ovary as a  underweight women or women who experience late puberty
normal or slightly larger ovary, with 610 follicles measur- [20]. The patients do not show signs of hyperandrogenism. A
ing between 4 and 10 mm in diameter, distributed throughout practical aspect for the differential diagnosis on ultrasound is
the ovary, and not circumferentially (Fig. 2.16). Different that the multifollicular ovary loses its appearance in an ovu-
than polycystic ovaries, they do not present hypertrophy of latory cycle, while the polycystic aspect does not.

Fig. 2.17 Transvaginal image of multifollicular ovary as described by
Adams. Different than a polycystic ovary, it does not present hypertro-
Fig.2.16 Transvaginal image of multifollicular ovary as described by ~ phy of the stroma

Adams. An ovary increased in size with follicles measuring between 4

and 10 mm in diameter, distributed throughout the ovary
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The Relationship with Endometrial
Neoplasms

There is a correlation between PCOS and an increase in the
risk for endometrial cancer, especially in younger patients. It
is estimated that the risk of endometrial cancer is 2.7 times
higher in patients with PCOS [9]. The not-antagonized
hyperestrogenism and failure in endometrial shedding are
the mechanisms that explain this association. There is no
consensus in the application of tracing tests for endometrial
cancer, but during transvaginal ultrasonography, the finding
of polycystic ovaries should encourage a detailed evaluation
of the endometrial echo.
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Tubal Diseases

César Amaral de Camargo Penteado

Histerosalpingography (HSG) remains a valuable tool in the
evaluation of the uterus and fallopian tubes. Radiologists
should become familiar with the HSG technique and inter-
pretation of the resulting images.

Because tubal problems are at fault in 30-40% of infertile
couples, the evaluation of tubal patency is essential in the
investigation of female infertility, and it should be part of
every infertility investigation. With improvements in contrast
media and techniques, HSG has been regarded as the most
reliable test for tubal dysfunction, is much less invasive and
less expensive than other procedures (such as laparoscopy),
and yields valuable information about the uterine cavity and
fallopian tubes.

In clinical practice, however, the number of HSG exami-
nations has increased dramatically over the past few years.
This increase is likely the result of advances in reproductive
medicine, resulting in more successful in vitro fertilization
procedures, as well as the trend toward women delaying
pregnancy until later in life [1].

Etiology of Infertility [2]

e Male factor (40%):
Low sperm count
Decreased motility and/or morphology
Autoimmunity
¢ Female factor (55%):
Tubal factors (30%): partial or complete obstruction,
intra- or peritubal adhesions
Ovulatory dysfunction (30%): anovulation, luteal phase
defect
Cervix factor (10%): diminished mucus production,
infected mucus, sperm antibodies
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Pelvic (peritoneal) factors: endometriosis, periadnexal
adhesions, tuberculosis
Uterine factors: anomalies,
fibroids
Others: serum antibodies in female, chronic vaginitis,
inadequate intercourse
* No apparent etiology (5%)

synechiae, endometritis,

Technique of Histerosalpingography
and Contrast Media

This procedure is easily performed on an outpatient basis
without anesthesia; this chapter explains the indications,
contraindications, techniques, potential complications, and
post-procedural pregnancy rates of HSG.

Because patients may experience cramping during the
examination, women are advised to take a nonsteroidal anti-
inflammatory or antispasmodic drug 1 h prior to the proce-
dure. The examination should be scheduled during days
7-12 of the menstrual cycle (day 1 being the first day of
menstrual bleeding). The endometrium is thin during this
proliferative phase, a fact that facilitates image interpretation
and should also ensure that there is no pregnancy.

The patient should be instructed to abstain from sexual
intercourse from the time menstrual bleeding ends until the
day of the study to avoid a potential pregnancy. If the patient
has irregular menstrual cycles or there is a possibility of
pregnancy, the human chorionic gonadotropin serum level is
evaluated.

The patient is placed on the fluoroscopy table in the
supine position. The perineum is prepared with povidone-
iodine solution and draped with sterile towels, and a specu-
lum is inserted into the vagina. The cervix is located and
cleansed with povidone-iodine solution. A 5-F or 7-F HSG
catheter is located in the cervical canal and the balloon is
inflated fully (or to the extent that the patient can tolerate,
since this maneuver may cause cramping).
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A scout radiograph of the pelvis is obtained with the cath-
eter in place before contrast material is instilled, and six to
eight spot radiographs are obtained after the scout radio-
graph. The first image is taken during early filling of the
uterus and is used to look for any filling defect or contour
abnormality. Small filling defects are best seen at this stage.

The second image is obtained with the uterus fully dis-
tended; its shape is best evaluated at this stage, although small
filling defects may be obscured when the uterus is well opaci-
fied. The third (and fourth and fifth) image is obtained to
show and evaluate the fallopian tubes. The sixth image should
exhibit the free intraperitoneal spillage of contrast material.

Additional spot radiographs are obtained to document any
abnormality that is seen. Oblique views of the fallopian tubes
may be obtained as needed, to “elongate” the tubes or dis-
place superimposed structures. If the balloon obscured the
lower uterine segment after initial placement, or migrated

into this area during the study, a radiograph is usually
obtained at the end of the study with the balloon deflated
(Fig. 3.1a, b)

A variety of technical problems may occur, such as mal-
function of the instuments used (which can be easily avoided
by checking the equipment carefully before the start of
study). Anatomic abnormalities, or patient discomfort can
cause termination of the examination (Figs. 3.1c, 3.2 and
3.3). Complications can involve pain and discomfort, injury
and bleeding, vascular intravasation (<5%), contrast material
reactions [3], post-procedure infection, mortality, pregnancy
radiation (Fig. 3.4).

Post-procedural pregnancy rates are not well known and
have not been thoroughly investigated. Possibilities of treat-
ment include mechanical lavage of tubes, release of peritubal
adhesions, stimulation of the cilia of the tubal mucosa, alter-
ation of the cervical mucous, and a bacteriostatic effect.

Fig. 3.1
ment. (b) balloon deflated at the end of study. (¢) Uterine congenital anoma-
lies, typically with a single external cervical os, can be difficult to interpret.

(a) Balloon obscured lower uterine segment after initial place-

The most common problem occurs in the complete bicornuate or septate
uterus and can simulate a unicornuate uterus if the catheter is positioned into
the lower uterine segment. Photo shows correct position of the catheter
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Fig.3.2 Spherical filling defect represents air bubble

Fig.3.3 (a, b) Right fallopian tube failed to opacify despite left tubal filling and a peritoneal spillage. Right tube is seen along with peritoneal
spillage, although anatomic obstruction may be the cause. Technical problems, cornuate spasm, and mucous plugging are other considerations



22

C.A. de Camargo Penteado

Fig.3.4 Vascular intravasation
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Indications and Contraindications

¢ Indications for HSG
Infertility
Recurrent spontaneous abortions
Postoperative evaluation following tubal ligation or rever-
sal of tubal ligation
Preoperative evaluation prior to myomectomy
* Contraindications for HSG
Pregnancy
Active pelvic infection

Radiographic Anatomy

The fallopian tubes serve as the passageway for the ovum to
travel from the ovary to the uterus. They are 10-12 c¢cm in
length and course along the superior aspect of the broad liga-
ment [5-6]. Each fallopian tube can be divided radiographi-
cally into three segments. The interstitial or cornual region is
the short segment that traverses the muscular wall of the
uterus; the isthmic portion is the longest of the three seg-
ments and is the narrow segment between the interstitial and
ampullary regions; the ampullary portion is the widened
region near the ovary [7-8]. The fimbriated part is the funnel-
shaped end of the tube and is not usually seen in HSG
(Figs. 3.5,3.6,3.7,3.8,3.9,3.10 and 3.11).

Fig.3.5 Tube segments: intramural, isthmic, ampullary



3 Tubal Diseases 23

Fig. 3.8 The endocervical borders can appear serrated normally and
should not be confused with endocervicitis. The mucosa of the endocer-

vix forms small parallel folds, the plicae palmatae, to create a finely
Fig.3.7 Linear lucencies are seen at both corneal tubal junctions serrated margin



24 C.A. de Camargo Penteado

Fig.3.9 Bilateral fallopian tube patency shown by intraperitoneal dis- ~ Fig.3.11 “Clumping” — suggesting peritubal adhesions
persion of contrast media

Fig. 3.10 Spiculation of uterine cavity, when found in the upper
uterus, suggests adenomyosis
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General Diagnostic Principles

A. Endocervical canal:
Straight and long endocervical canal (Fig. 3.12)
Filling defects: polyp (Fig. 3.13)
Endocervical postoperative (diverticular-like outpunch-
ing due to cesarean section) (Fig. 3.14)
B. Uterine cavity: Congenital abnormalities and uterine

body abnormalities [4]

Uterine shape: arcuate (Fig. 3.15a),

(Fig. 3.15b), unicornuate (Fig. 3.15¢)

Uterine filling defects: air bubble, (Fig. 3.16a), synechiae

(Fig. 3.16b), polyp/fibroid (Fig. 3.16c), neoplasm
(Fig. 3.16d) (multiple irregular filling defects, possi-
bly endometrial carcinoma with superimposed
bleeding).

The uterus is a muscular sac that houses the fetus during
gestation; its size varies, depending on the patient’s age and
parity. HSG is helpful in the evaluation of the uterine cavity
only, providing indirect information about the remainder of
the uterus. The uterine cavity is triangular, with the base
directed cranially and the apex caudally. The cervix consti-
tutes the most inferior aspect of the uterus and extends into
the vagina. The isthmus is the uterine portion immediately
above the cervix. Most of the uterus is composed of the body,
or "corpus." The uppermost aspect of the uterus is the fun-
dus, which can be concave, flattened, or slightly convex. The
fallopian tubes connect to the fundus at the cornua, or lateral
extremes of the base of the triangular cavity. In HSG, the
uterus should look like an inverted triangle with well-defined,
smooth contours. Uterine anomalies can be due to congenital
abnormalities of uterine shape, luminal filling defects, or
abnormalities of uterine contour [12].

bicornuate

C. Tubes: Tubal and adnexal abnormalities

MR hysterography with a heavily T2-weighted sequence
(a procedure that is similar to MR cholangiopancreatogra-
phy) has also been suggested for visualizing the fallopian
tubes [9]. However, the size of the normal fallopian tube is at
or below the resolution of most MR imagers [10]. Moreover,
even if the tube is visualized, MR hysterography does not
help assess tubal patency. The instillation of saline solution
or water through an HSG catheter in conjunction with MR
hysterography is possible, but this procedure has not gained
wide acceptance [9].

In HSG, the fallopian tubes should appear as thin, smooth
lines that widen in the ampullary portion (Fig. 3.5). The isth-
mic portion has been likened to a piece of spaghetti in
appearance. The fallopian tubes vary in their location within
the pelvis and in their degree of tortuosity. There should be
free spillage of contrast material into the peritoneal cavity
[11] (Figs. 3.17,3.18, 3.19, 3.20 3.21).

Fig.3.12 Straight and long endocervical canal

Fig.3.13 Polyp as a filling defect

Fig.3.14 Endocervical postoperative diverticular-like (cesarian section)
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Fig.3.15 Miillerian malformations: (a) arcuate uterus; (b) bicornuate; (¢) unicornuate
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Fig.3.16 Uterine filling defects: (a) air bubble; (b) synechiae; (c/e) polyp/fibroid; (d) neoplasm



28 C.A. de Camargo Penteado

Fig.3.17 (a) Right tube locates superiorly. (b) Left tube locates superiorly. Many variations in the course and location of the fallopian tubes were
seen and should be considered normal, unless another sign associated, such as deviation from the adjacent mass

Fig.3.18 Salpingectomy (a) right (b) left
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Fig.3.20 Polyp tubes
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Fig.3.21 Tubal irregularity: (a) salpingitis isthmica nodosa, (b) endometriosis
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Endometriosis

Endometriosis is defined as the presence of benign endome-
trial implants in ectopic locations, and it may affect the fal-
lopian tubes and adjacent peritoneum. Multiple sites may be
involved, including the ovary, serosa of the uterus and tubes,
pelvic peritoneum, and bowel. The pathogenesis of the dis-
ease is not known, but the most common theories are retro-
grade menstruation and implantation, metaplasia of
multipotential ceolomic epithelium, and the lymphatic or
hematogenous spread of endometrium.

Tubal endometriosis most often affects the intramural
portion, although extension into other sites
Endometrial nodules of varying sizes cause polypoid excres-
cences that compress and narrow the lumen. In the pelvic
cavity, endometriosis may appear as isolated ectopic implants
of endometrium, or as diffuse nodulation affecting one or
more anatomic locations. The nodules are generally less than
1.0 cm in size, but can be larger in more severe cases and if
endometriomas develop. Endometriosis responds to the hor-
monal fluctuations of the menstrual cycle with changes in
appearance due to proliferation and bleeding, which incite
inflammation and fibrosis; this may result in focal scarring,
hemorrhagic cysts or endometriomas, or a diffuse adhesive
disease involving many pelvic structures.

Endometriosis affects menstruating women,and stabilizes
or regresses in menopause. Patients may be asymptomatic
and the disease discovered incidentally. Symptoms depend
on its sites and severity and the phase of the menstrual cycle.
Patients may have pelvic, lumbar, or rectal pain, dysmenor-
rhea, dyspareunia, infertility, and signs of compression on
adjacent organs. Symptoms usually worsen with menstrua-
tion. Endometriosis is considered to be a surgical disease
because it rarely responds to medical therapy.

HSG is limited in evaluating endometriosis because tubal
involvement is not common and adnexal disease is not seen
directly. Tubal endometriosis may have a beaded appearance
due to multiple constrictions from the endometrial deposits,
which can cause occlusion. Radiographic findings were non-

occurs.

specific and included dilatation, blockage, and clumping.
Peritubal loculations of contrast materials were also seen,
but had to be distinguished from hydrosalpinx and normal
accumulations in the pelvic cavity.
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Pelvic Inflammatory Disease

César Amaral de Camargo Penteado,
Geraldo Souza Pinho Alves, and Harley De Nicola

Introduction

Pelvic inflammatory disease (PID) is an infection of the female
reproductive organs (upper genital tract and the surrounding
structures including the endometrium, ovaries, and fallopian
tubes) [1]. PID occurs when bacteria move from the vagina and
cervix upward into the uterus, ovaries, or fallopian tubes. The
bacteria can lead to an abscess in a fallopian tube or ovary. Long-
term problems can occur if PID is not treated promptly [1, 2].

Recurrent PID can double a woman’s risk of infertility and
quadruple her risk of chronic pelvic pain. PID contributes to
approximately 2.5 million office visits and 125,000-150,000
hospitalizations every year. Some women with PID have only
mild symptoms or no symptoms at all. Because the symptoms
can be vague, women or their gynecologists or other health
care professionals do not recognize many cases [3, 4].

Following are the most common signs and symptoms of
PID:

e Abnormal vaginal discharge

¢ Pain in the lower abdomen (often a mild ache)
e Pain in the upper right abdomen

e Abnormal menstrual bleeding

¢ Fever and chills

e Painful urination

e Nausea and vomiting

¢ Painful sexual intercourse

It is believed that in up to 25% of women with lower
abdominal pain admitted to emergency departments, the pain
is caused by PID [2, 4, 5].
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Ultrasound

Ultrasonography should be the first diagnostic imaging
examination to be performed in cases of suspected PID in
which there are ambiguous or unexplained clinical findings
or an inability to perform an adequate clinical examination.
Ultrasonography is also indicated to evaluate for complica-
tions of PID, which may impact surgical vs. non-surgical
management or the decision to hospitalize a patient [5-7].
US is considered to be the first-line imaging modality in the
evaluation of suspected salpingitis; however, US may only
show subtle abnormalities such as tubal tortuosity, wall
hyperemia, and fallopian tube thickening of more than 5 mm.
When they are normal in size, the fallopian tubes measure
1-4 mm in diameter and are not regularly depicted on US or
CT [8-10].

MRI

MRI serves as an excellent imaging modality in cases in
which the ultrasonographic findings are equivocal. In a study
by Tukeva et al., the authors compared findings from MRI
with sonograms and found that MRI was more accurate than
ultrasonography in the diagnosis of PID [8].

Findings: The tubular structure is readily identified as
cystic, with high signal intensity on T2- weighted images,
which is lower than that of a pure cyst and may present a lack
of internal enhancement. The signal intensity of T1-weighted
images varies, depending on the protein content of the fluid.
There is enhancement of the thickened fallopian tube walls
and pelvic fat stranding. Although differentiating between
pyosalpinx and hydrosalpinx is difficult, the thick hyper-
enhancing tubal walls and surrounding inflammation serve
as clues to the diagnosis. In cases of tubo-ovarian abscesses,
MR imaging findings depend on the hemorrhagic and pro-
tein content of the mass. The abscess is usually hypointense
at T1-weighted imaging; however, hemorrhagic or protein-
aceous material can be hyperintense. A hyperintense rim
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along the inner wall of the abscess cavity has been described
at Tl-weighted imaging and is thought to correspond to
granulation tissue and hemorrhage. T2-weighted imaging
demonstrates a heterogeneous mass with low-signal-intensity
septa, as well as hypointense linear stranding in the adjacent
pelvic fat.

cT

Occasionally, CT scanning may be used as the initial diag-
nostic study for the investigation of nonspecific pelvic pain
in a female, and PID may be found incidentally. CT scanning
is very sensitive for the detection of pelvic pathology; how-
ever, it may not be as specific as sonography when an adnexal
pathology must be differentiated from a tubal or ovarian one.
If the diagnosis of PID is still in question, confirmation with
ultrasonography is suggested.

The most common general CT findings of PID described
in the literature are thickening of the uterosacral ligaments;
obliteration of fascial planes; free fluid in the cul-de-sac; loss
of definition of the uterine border; pelvic fat infiltration or
haziness and pelvic edema; reactive lymphadenopathy; and
signs of peritonitis. The uterosacral ligaments are paired
structures that extend from the lower uterine segment to the
mid-sacrum and are best seen on axial cross-sectional
images. The normal thickness of the uterosacral ligaments is
subjective and has not yet been established on CT images
[11-14]. Salpingitis should be suspected at CT when the fal-

Fig. 4.2 Salpingitis: Pelvic CT, where one can observe anomalous
enhancement in the left adnexal region, with a serpiginous aspect, cor-
responding to the wall of the tube, thickened by inflammation (solid
arrows). A small amount of fluid surrounds it. The right ovary appears
normal (casting arrows). (a, b) Axial sections in the venous phase of

lopian tubes are thickened, measuring more than 5 mm in
axial dimension, and show enhancing walls. Associated free
fluid may be depicted within the cul-de-sac. For the diagno-
sis of PID, the CT finding of tubal thickening was found to
have a high specificity of 95% [14].

PID is often accompanied by reactive lymphadenopathy
affecting the para-aortic lymphatic chain at the level of the
renal hila. This lymphadenopathy is caused by the course of
drainage of the ovarian and salpingian lymphatic vessels
along the gonadal veins [14, 15] (Figs. 4.1,4.2,4.3,4.4,4.5,
4.6, 4.7 and 4.8).

Fig. 4.1 Right adnexal region inflammatory process: ultrasound demon-
strating the tortuous and dilated fallopian tube, filled with liquid, and the
ovary with increased dimensions, compatible with tube and ovary abscesses.
It shows up as an ill-defined adnexal tumor, containing thick liquid

contrast injection. Salpingitis is characterized by the absence of tube
dilation, but shows thickening and enhancement by contrast of tubal
walls, associated with adjacent inflammatory signs. These signs mani-
fest in the CT as a densification of adnexal fatty plans and free fluid in
the pelvic cavity, as well as reactive thickening of adjacent bowels
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Fig. 4.3 Salpingitis: MRI of the pelvis, showing the presence of ser-  aspect in ¢ is highly suggestive of a fallopian tube with thickened walls.
piginous formation in the right adnexal region (arrows a, b, d), clearly  (a, b: axial T1 and T2, respectively; c¢: axial T1 with fat saturation tech-
separated from the uterus (stars in a, b), with intense parietal enhance-  nique, after contrast injection; d: coronal T2)

ment, by contrast, featuring its inflammatory nature (arrow ¢). The
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Fig. 4.4 Tubo-ovarian abcess: CT scan showing nodular formation,
with heterogeneous enhancement, located in the right adnexal region,
that represents the inflamed ovary (star b). The uterine tube is dilated
and has parietal enhancement, indicating pyosalpinx or salpingitis
(arrows in a, b). (a, b) Axial sections obtained in the portal phase, after

the injection of contrast. Some differential diagnoses must be observed.
In hydrosalpinx, unlike in pyosalpinx, tubal parietal enhancement by
the contrast agent does not occur. Other diagnoses, such as appendicitis
and complex adnexal masses, may make the differential diagnosis
difficult
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Fig. 4.5 Severe PID shown by CT (a, b) and MR (¢, d). Extensive and
diffuse thickening of the endometrium can be noted, with air-fluid level
in the uterine cavity (arrows a, b). Also heterogeneous collection in
front of the uterus, with thick walls, and exhibiting moderate enhance-
ment by contrast is associated (star a). The MRI shows thick material
in the uterine cavity (stars ¢, d) as well as enhancement of adnexal
structures (arrows d). (a, b): axial sections obtained in the portal phase;

c: MRI in sagittal plan, in T2; d: MRI in axial plan in T1, with fat satu-
ration technique, after contrast injection. The presence of gas within the
inflammatory/infectious process is not common, yet it is a very specific
finding. The associated signs commonly found are mainly the thicken-
ing and enhancement of the peritoneum and uterine ligaments. There
may also be involvement of adjacent structures, such as ileus, hidroure-
teronefrosis, and intraperitoneal abscess secondary to the rupture
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Fig. 4.6 Tubo-ovarian abcess. MRI of the pelvis showing collection
(white stars), with thickened walls, and that feature enhancement by
contrast and thin internal folds (solid arrows in a, ¢, d) that are compat-
ible with a dilated tube. The wall of the formation presents high-signal
intensity on T1 (full arrow b) compatible with small foci of parietal
bleeding. There is still a loculated collection in the posterior fornix
(black stars a, ¢) and intense enhancement of the peritoneum (casting
arrows in ¢, d). (a, b) Axial plan T2 and T1 respectively; (¢, d) T1 axial
plan with fat saturation technique, after injection of contrast. The MRI
findings depend on the hematic and protein content, with variable sig-

nals on T1-weighted sequences, depending on the amount of these com-
ponents. A thin inner halo of low-signal intensity on the T1, along the
inner wall of the collection, has been recently described, and assigned
to the granulation tissue. The T2-weighted images show high signal,
with multiple coarse internal septa, exhibiting low signal, as well as a
loud signal of peritoneal fat in T2 sequences with fat saturation, corre-
sponding to edema. These septa, along with the collection capsule,
exhibit intense enhancement after contrast, associated with the enhance-
ment of fat and abdominal structures involved
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Fig. 4.7 Salpingitis to the left: (a) Endovaginal ultrasound, showing
left tube (yellow arrows) as a tubular structure with thick liquid content,
adjacent to the left ovary (red arrow). In (b) we can note the irregularity

Fig. 4.8 Endometritis: Endovaginal ultrasound, in a patient with
abdominal pain, vaginal bleeding and fever for 2 days. The image
shows the thickened and hyperechoic endometrium, with undefined
limits for the most part (between the arrows). The diagnosis of endome-
tritis is often a challenging task, as signs and symptoms are non-specific
and the sonographic findings are variablel; these include thickening and
irregularity of the endometrium, and fluid or debris accumulated within
the endometrial cavity

and thickening of the
(arrowheads)

tubal wall, subsequent to inflammation
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Endometriosis

Ana Luisa Alencar De Nicola and Luis Ronan Marquez

Ferreira de Souza

Introduction

Endometriosis is a chronic disease defined as the presence of tis-
sue with histological and functional features similar to the topic
endometrium, outside the uterine cavity [1]. The patient may be
asymptomatic or present some symptoms, among which the most
common are dysmenorrhea, dyspareunia, chronic pelvic pain,
and infertility. Urinary symptoms (hematuria, dysuria) and/or
gastrointestinal symptoms (hematochezia, dyschezia) may also
be associated, particularly when related to the menstrual cycle [2].
The estimated prevalence is about 10% among women of repro-
ductive age and 50% among those within infertility [3].
Three types of pelvic endometriosis are described:

» Peritoneal or superficial endometriosis
e Ovarian endometriosis
* Deep endometriosis

Physical examination may suspect the disease by identifying
nodular areas in a retro-uterine space, but because of the charac-
teristic of multiple lesions, it can be insufficient [4]. Imaging
methods are currently very important for a full and detailed
assessment of the disease, allowing for proper medical planning.

In the classification that is most accepted in the literature,
the pelvis is divided into three sections, guided by the uterus,
which is its central body.

Anterior:

e Bladder
e Ureteral meatus
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¢ Rounded ligaments
* Serous anterior uterine
* Vesico-vaginal space

Posterior:

* Posterior uterine serosa

e Retrocervical region

* Rectovaginal septum

* Vagina

e Uterosacral ligaments

* Rectum-sigmoidean transition

Lateral:

e Ureters

e Paracolpi

e Parametrium

* Hypogastric plexus
e Broad ligaments

In addition to this, there is also abdominal involvement (sub-
cutaneous tissue) of the diaphragm, paracolic gutters, small
intestine, and the appendix. Some cases of liver and mediastinal
endometriosis have also been described in the literature.

Magnetic Resonance

Magnetic resonance imaging is a non-invasive imaging and
high-resolution method that allows for proper assessment of
the pelvic organs, with high specificity for the diagnosis of
deep endometriosis. Its main differential is the global pelvis
evaluation, initially mapping the focus of affection by the
disease, diagnosing possible associated diseases and stratify-
ing the risk of surgery, thereby adding greater security to the
surgical technique to be used by the gynecologist.

The MR has the following features in major injuries iden-
tified in the examination:
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Morphology

e Subperitoneal nodes: Characterized by the formation of
oval lesions that usually invade from the external to the
internal layer, going through the peritoneal or extra-
peritoneal locations, such as the bladder, sigmoid and rec-
tum (Fig. 5.1).

e Cloak or confluent: Infiltrative, most often identified in
uterine serous, with obliteration of the anterior and poste-
rior recesses (Fig. 5.2).

e Ligament thickening: Defined with more than 5 mm, asso-
ciated with heterogeneous signal, adhesion, and distortion
of usual pelvic architecture (Fig. 5.3).

Fig. 5.2 Sagittal, TSE, T2 weighting. In this case, an endometriosis
focus can be observed “in mantle” (arrow), involving the posterior
vaginal fornix and obliterating the recto-uterine recess

Fig.5.1 Sagittal, SE, weighted in T1 with fat saturation. In this image,
a small focus of active endometriosis can be observed (arrow) in the
posterior uterine serous

Fig. 5.3 Axial TSE, T2 weighting. Note the asymmetry between the
utero-sacral ligaments (arrows), the right one being thicker and
heterogeneous
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Signal (On Sequences Weighted in T2)

e Low signal: Typically fibrous, with small amount of glan-
dular tissue that tends to cause hemorrhaging. They can
be highlighted by the contrast due to their association
with the inflammatory process (Fig. 5.4).

* High signal: With predominance of glandular tissue,
more unusual (Fig. 5.5).

* Mixed: An infrequent sign, with small bleeding spots, and
with characteristic hypersignal.

Fig. 5.4 Axial TSE T2 weighting. Asymmetry and heterogeneity of
the round ligament to the right can be identified (arrow)

Fig. 5.5 (a) Sagittal, TSE, T2 weighting. In this image, the engage- involvement of the vesico-uterine recess can be characterized (arrow),
ment of the posterior wall of the vagina can be seen, with focal thicken- ~ with high signal, inferring activity
ing and heterogeneity of the signal (arrow). (b) In this figure,
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Contrast

The use of contrast is discussed in the literature; those opting
for its use claim that it is particularly useful for:

e Identifying associated inflammatory processes (perito-
neal enhancement) (Fig. 5.6);

e Characterizing complex masses or associated tumors
(nodular enhancement); and

* Better identification of skin implants, allowing greater
definition of intramuscular nodes in the pelvic wall
(Fig. 5.7a,b).

Key Features of Magnetic Resonance Exams

e Detailed description of the main injury

e Number of lesions

e Lesions in atypical locations

e Ovarian injury or associated tubal injury

e Ureter assessment, ovarian artery, and obstruction
identification

* Assessing the risk of associated malignancy

* Quantifying the number of adhesions and their locations

e Other associated diseases

Fig.5.6 Axial, SE, T1 weighted, with fat saturation and post contrast.
Notice how in this case the use of contrast allowed to identify the extent
of the inflammatory commitment by the pelvis, characterized by the
contrast enhancement extending from the pelvic walls, with clots in the
right adnexal region

Fig. 5.7 (a) Sagittal, SE, weighted in T1, with fat saturation. In the
figure, one of the indications for the use of contrast can be observed to
better identify the focus of endometriosis in the pelvic wall, which is
enhanced by contrast, because of the associated inflammation.

(b) Axial, TSE, T2 weighting. Note the endometriosis focus on the pel-
vic wall to the left, and notice how difficult the delimitation of its pos-
terior margins are, with the anterior aponeurosis of the abdominal
rectum, thus favoring the use of contrast
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Pelvic Endometriosis Imaging Findings
Superficial Endometriosis

Superficial endometriosis lesions are composed of peritoneal
implants, generally up to 10 mm long, and adhesions second-
ary to the inflammatory process. Their most frequent loca-
tion is the Douglas pouch and the broad ligaments.The
diagnosis is still made by direct observation of lesions via
laparoscopy or biopsy. Transvaginal ultrasound has no diag-
nostic value in this form of the disease. Adhesions may even-
tually be found by ultrasound, but is not specific [5].

Finding an impairment in the abdominal wall in MR
occurs in less than 2% of the endometriosis cases, yet it is
considered the most common location outside the pelvic cav-
ity. The cyclic pain related to menstrual flow is important
information from the clinical examination, with palpable
lesions in 96% of the cases. The lesion at its greatest diame-
ter, the depth of the abdominal wall invasion, and its relation
to anatomical markers, must be described.

Ovarian Endometriosis

The morphological aspect of ovarian endometriosis is seen
as small implants or hemorrhagic cysts limited by an endo-
metrial epithelium, i.e., the endometriomas [5].

The identification of small hyperechoic foci, distributed
on the ovarian surface (Figs. 5.8 and 5.9), was assigned to
endometriosis in some publications [6]. More recent studies
have shown that hyperechoic ovarian foci are common in
transvaginal ultrasounds and may correspond to various his-
tological findings, including small inclusion cysts,
hemosiderin, calcifications, and small, dense cortical nod-
ules [7]; thus it is a non-specific signal.

Ovarian endometriosis is often associated with dense
adhesions in the pelvis, either in the ovarian fossa or in
other places, among them the uterosacral ligaments, the
retro-cervical space, or rounded ligaments [8]. Ultrasound
is of great value for diagnosing adherence processes
because it is a dynamic test in which the ovaries' mobility
can be tested in real time. For this, the examiner can use
one hand by abdominally compression and/or gently press
the transducer vaginally.

The ovaries may be fixed in the posterior or anterior
compartment to the uterus (no sliding maneuvers) and pain-
ful to touch by the transducer (Figs. 5.10, 5.11, 5.12, and
5.13). When bilateral, both ovaries may be medianized and
there may be adhesions between them, commonly in the
retro-uterine region (the so-called “Kissing-ovaries.” [9]
(Figs. 5.14 and 5.15).

Endometriomas have a brownish content and are there-
fore known as chocolate cysts. This hemorrhagic content is

an essential criterion in ultrasound diagnosis, providing a
typical sonographic appearance: a rounded cyst containing
internal fine echoes with low echogenicity of homogeneous
appearance, known as the “frosted glass” aspect (Figs. 5.16,
5.17,5.18, and 5.19) [10]. It is estimated that this character-
istic is present in about 95% of endometriomas [10].

Hyperechoic parietal foci can be seen in more than 30%
of endometriomas and can be a useful criterion for their dis-
tinction because they are rarely seen in other benign ovarian
cysts [11 ] (Figs. 5.20 and 5.21). Therefore, a cyst with thin
internal echoes, homogeneous and hypoechoic, with no other
signs of malignancy, is 32 times more likely to be an endo-
metrioma than another anexial mass [11]. Septacan also be
found in endometriomas, giving them a multilocular aspect
[11] (Figs. 5.22 and 5.23).

Denser areas of the content or intracystic bleeding may
appear as fixed parietal hyperechoic nodularity that can sim-
ulate solid malign projections and cause doubts [9].
Amplitude Doppler can help show the absence of flow in
cystic content [12] (Figs. 5.24, 5.25, 5.26 and 5.27).
Endometriomas’ walls are usually thin and smooth and are
clearly visible, but can rarely be true papillary projections
resulting from inflammation, necrosis, or even endometriosis
focus pericystic proliferation.

Transvaginal ultrasound showed a positive predictive
value of 91% for the diagnosis of endometriomas [13]. In
this same study, the positive predictive value was 97%,
when the endometrioma had a classic look (rounded cyst,
regular margins, thin and smooth walls, homogeneous
smooth internal fine echoes, and hypoechoic), and 70% for
those with an atypical appearance (anechoic, internal septa,
irregular margins, or solid projections) [13]. Most often we
see atypical endometriomas in the oldest diseases; they are
more associated with adhesion processes (Figs. 5.28, 5.29,
5.30, and 5.31).

The multicentric study (IOTA) evaluated 3511 patients
with adnexal masses, of which 713 were endometriomas;
ultrasonography showed 81% sensitivity and 97% specificity
for their diagnosis [8]. The true positive cases were more
often represented by unilocular cysts with “frosted glass”
content than any other category of Axial mass [8].

In magnetic resonance imaging, the endometrioma typi-
cally manifests as a hyperintense lesion (the same signal or
stronger than fat) in sequences weighted in T1, with a ten-
dency to hypointensity (usually with hyperintense foci,
causing the shading effect on sequences weighted in T2)
(Figs. 5.32 and 5.33).

This aspect of the image reflects the chronicity of endo-
metrioma, which has very “thick” hematic content, due to
the high concentration of intracystic methemoglobin and
other proteins, which promotes shortening of T2 relaxation
time. Large endometriomas may contain multiple thin septa
and often present levels with blood (Fig. 5.34).
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Complex lesions, mainly represented by large cystic for-
mations and located in the ovaries, present an often parietal
solid component, and this makes it difficult to character-
ize the tumor mass, requiring correlation with contrasted
phase, to exclude malignant transformation (endometrioid
carcinoma). The differential diagnosis for endometrioma on
ultrasound includes hemorrhagic luteum cyst, cystadenoma,
hematosalpinx or pyosalpinx, abscess, dermoid lesion, and
ovarian cancer. All these lesions may have thick content
(blood, mucus corpus) that eventually present a “frosted
glass” on ultrasound [9].

The hemorrhagic corpus luteum cyst, because it is more
recent and has the greatest amount of hemorrhage, usually
has a more heterogeneous appearance with echogenic are
as intermingled with liquid content, or with thin echogenic
lines corresponding to fibrin networking aspect. This het-
erogeneous pattern in grayscale, unlike the homogeneous
and hypoechoic pattern of endometriomas, is usually the
best parameter for differentiation (Figs. 5.35, 5.36, 5.37,
and 5.38). Doppler can also be helpful by showing the
abundant classic peripheral vascular halo of the luteum
cyst, while endometriomas usually have little and
peripheric vascularization [12] (Figs. 5.39 and 5.40).
Hemorrhagic cysts are usually present in the second phase
of the cycle, associated with endometrium of a secretory
aspect, and are absorbed spontaneously. The ultrasound

control 5-6 weeks later can, therefore, demonstrate their
regression.

Tubal dilatation, mainly hematosalpinx, usually has a ser-
piginosum aspect and is more tubular (Fig. 5.41). The
transducer pressure may help demonstrate the non-ovarian
origin (Fig. 5.42).

Dermoid lesions are most commonly characterized by the
presence of solid echogenic tissue, with posterior acoustic
attenuation (a feature characteristic of fat) or calcifications.
However, some cysts with thick liquid-liquid levels can be dif-
ficult to differentiate between dermoid and endometrioma
injury [7]. Some authors argue that at endometrioma, the
supernatant content is usually hypoechoic (more liquid blood)
and the deposited layer is hyperechoic (thicker or heavier
blood or clots), while in dermoids the supernatant part is often
hyperechoic (fat that is not deposited) [14, 15] (Fig. 5.43).

Ovarian cancer is often characterized by the presence of
solid, vascularized areas [8, 9, 10, 12] However,sometimes
the,endometrioma can simulate neoplastic lesions, especially
those with atypical aspects, as well as malignant lesions, and
can be confused with endometriomas. In the multicentric
study (IOTA), ultrasonography showed a false positive rate
of 12% for the diagnosis of endometriomas, among which
most were benign lesions, but 1% of them were malignant
[8]. Most of the malignant tumors were found in patients
aged 50 or older who were already post-menopausal [8].

Figs.5.8 and 5.9 Transvaginal sonogram showing echogenic foci (arrows) in an ovary
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Figs.5.10,5.11,and 5.12 Transvaginal sagittal image: ovaries fixed at posterior uterine wall

Fig. 5.13 Transvaginal sagittal image ovary fixed to the anterior
uterine wall
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Figs.5.16,5.17,5.18,and 5.19 Ovarian classic endometriomas: Well-circumscribed rounded cyst with low-level internal echoes




5 Endometriosis 49

Figs.5.24 and 5.25 Ovarian Endometrioma with focal wall nodularity (marginal clumped echoes with concave margins)
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Fig.5.28 Left ovary firmly attached to the posterior wall of the uterus
with endometrioma of thick and hyperechoic walls (atypical
appearance)
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Fig.5.30 Transverse view of right and left ovaries fixed to the posterior
uterine cervix (“Kissing ovaries”). Atypical appearance of endometri-
oma on the right ovary (as a solid hyperechoic nodule with small cysts)

Fig.5.29 Transverse view of right and left ovaries fixed to the poste-
rior uterine cervix (“Kissing ovaries”). Classic endometriomas of the
left ovary and atypical appearance of endometrioma on the right ovary
(thick wall and solid hyperechoic projections)
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Fig.5.31 Transvaginal transverse view: Right ovary fixed at cervix with atypical appearence of endometrioma (look like an exophytic solid
nodule)

Fig.5.32 (a) Axial, TSE, T2 weighting. Note in this case the low sig-  slightly thickened walls. (b) Axial, SE, T1 weighting, with fat satura-
nal of the ovaries, predominantly to the right. The largest cyst on the left ~ tion, the characteristic high signal of the endometriomas can be
shows predominantly high signal, but decreases gradually and has observed
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Fig.5.36 Hemorrhagic cyst of the left ovary. Transverse endovaginal
sonogram reveals fibrinous strands (arrow) and low-level internal
echoes

Fig.5.33 Coronal, TSE, T2 weighting. In the left ovarian, notice the
aspects already described for ovarian endometrioma (arrow)

Fig.5.37 Ovarian endometrioma of the left ovary: well-circumscribed
rounded cyst with low-level internal echoes without fibrinous strands

Fig.5.34 Coronal, TSE, T2 weighting. In this image, the ovaries are near
the middle line, due to the adhesion process that usually affects the pelvis
— more precisely, the broad ligaments. This signal (Pseudo fusion of the
ovaries) was initially described in laparoscopy tests as “Kissing ovaries”

Fig.5.38 Transvaginal transverse view: Ovarian endometrioma of the
left ovary. Well-circumscribed rounded cyst with low-level internal
echoes without fibrinous strands

Fig.5.35 Hemorrhagic cyst of the right ovary. Transverse endovaginal
sonogram reveals fibrinous strands (arrow) and low-level internal
echoes
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Fig. 5.39 Transvaginal sonogram of the ovary: Hemorrhagic cyst on
color Doppler sonography shows a dense halo of confluent vessels sur-
rounding the cyst

Fig.5.41 Endometrioma with fluid layer. Transvaginal image shows
an endometrioma with layering echogenic material. The supernatant
fluid layer is hypoechoic

Fig. 5.40 Transvaginal sonogram of the right ovary: Endometriotic
cyst with low vascularization on color Doppler sonography
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Fig. 5.42 (a) Axial, SE, T1 weighting, with fat saturation. Here, a  emphasizing the value of supplementation with Magnetic Resonance
tubaria collection to the right can be observed (arrow), which features  (c) Sagittal, TSE, T2 weighting, where the liquid level/erythrocyt can
high signal, compatible with hematic content. This same image in be identified (arrow)

(b) transvaginal ultrasound is presented as the usual hydrosalpinx,
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Fig.5.43 (a) Dermoid cyst. Transvaginal image shows a dermoid cyst.
The hyperechoic component (supernatant fat) tends to be located supe-
riorly. (b) Axial TSE, T2 weighting. Predominantly cystic and hetero-
geneous lesion in the left ovary, which has well-defined contours.
(c) Axial, SE, T1 weighted. The sign of the lesion is high, which may
correspond to fat or blood. (d) Axial SE, T1 weighted, with fat satura-

tion. The lesion has its saturated signal compatible with fat, inferring
the diagnosis of teratoma. Compare with the endometrioma of Fig. 5.8b.
(e) Axial, SE, T1 weighted, with fat saturation and after contrast. The
peripheral nodular enhancement is where the promontory is, focus of
the origin of the entire lesion
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Deep Endometriosis

Deep endometriosis (DE), also called “infiltrative,” it is the
one that infiltrates the retroperitonial space more than 5 mm.
[15]. Tt is characterized by the presence of endometrial
implants, fibrosis, and sub-peritonial muscle hyperplasia; the
most frequently affected sites are the uterosacral ligaments,
the rectosigmoid, the vagina, and the bladder [15, 16].

DE is often multifocal, thereby affectng many places in
the pelvis. Lesions of the posterior compartment of the pel-
vis (retro-uterine space, uterine torus, utero-sacral ligaments,
vagina, and rectum-sigmoid) are much more common, but
may be associated with those of the anterior pelvic compart-
ment (vesico-uterine recess, round ligaments, and bladder).
About 90% of DE cases involve the posterior compartment,
and between 8% and 10% the anterior compartment [17].

In routine transvaginal ultrasound, the identification of
ovarian endometriosis, especially when associated with

Fig.5.44 Transvaginal transverse image shows the ovaries attached to
each other. Note the rectum between them infiltrated by hypoechoic
nodule with small cyst (intestinal deep endometriosis)

adhesions, is an important DE marker. The presence of the
Kissing ovaries sign is related to an increased risk of pro-
found endometriosis, especially with intestinal involvement
(Figs. 5.44 and 5.45) and tube obstruction [18].

The transvaginal ultrasound done with protocol for
endometriosis mapping has proven to be an excellent
method for detailed DE diagnosis, especially intestinal
endometriosis [19, 20]. In a study of systematic review and
meta-analysis, the method showed 91% sensitivity and
98% specificity for the diagnosis of intestinal endometrio-
sis [19]. The protocol includes prior bowel preparation,
possibly vaginal distension with ultrasound gel, and fur-
ther evaluation of iliac fossas with a linear transducer. In
the ultrasound, due to muscle hyperplasia, lesions are usu-
ally hypoechoic, not vascularized as in colored Doppler,
and sometimes nodular and sometimes with irregular
thickening, or in plates, according to the affected anatomi-
cal structure [5].

Fig.5.45 Axial, TSE, T2 weighting. Similar to Fig. 5.10, the median-
ization or retraction of the ovaries to the middle line is present, with
bilateral endometriomas, which form the liquid/erythrocyt level. There
is also a retraction of the rectum by the adhesion process that commits
the posterior compartment of the pelvis
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Uterosacral Ligament Endometriosis

The uterosacral ligaments (USL) are formed by fibromuscu-
lar tissue, and compose the peri-cervical ring, with fibers that
surround the cervix and upper vagina. They act as a support
system that connects the vagina and the cervix to the sacrum,
at the fourth vertebra.

The uterosacral ligaments and uterine torus (small perito-
neal thickening posterior to the cervix, between the insertion
of the uterosacral ligaments) are the sites most frequently
affected by DE [21]. The involvement of the uterosacral liga-
ments can be unilateral or orbilateral and may appear on ultra-
sound as a hypoechoic thickening area, usually arcuate, or as a
nodular area with speckled contours (Figs. 5.46, 5.47, 5.48,
and 5.49). The normal uterosacral ligament is not usually
identified on ultrasound, but when it is changed, it is thickened
and becomes evident, especially when compared to the normal
contralateral [22] (Figs. 5.50 and 5.51). In practice, the lesions
of the uterosacral ligament occupy the paracervical space and

Fig.5.46 Transvaginal transverse image shows a right uterosacral lig-
ament thickness and hypoechoic with arciform appearance (arrows)

Fig.5.47 Transvaginal oblique image shows thickened and hypoechoic
left uterosacral ligament with arciform appearance (arrows)

may involve important structures in this location, such as ure-
ters or the hypogastric nerve. The lesions of the uterine torus
or those situated posterior to the cervix and in the midline are
called retrocervical space lesions (Figs. 5.52 and 5.53).

In the MR, the ligament (LUS) is almost always well
defined and slightly hypointense on T2. Its maximum thick-
ness should not exceed 4 mm. The frequency of the involve-
ment tends to be asymmetrical, predominantly the left one. If
the injury extends to its sacral part, it can cause pain symptoms
such as back pain. When it shows this heterogeneous signal, it
is usually secondary to associated glandular tissue (Fig. 5.54).

The retrocervical region is an extraperitoneal space
delimited by the posterior fornix, uterosacral ligaments, and
rectovaginal septum. The involvement by endometriosis is
most common in a median location; it begins with a small,
irregular lump, with low signal and indistinct margins. They
show enhancement by contrast and tend to converge to cloak
in more advanced forms (Figs. 5.55 and 5.56).

Fig.5.48 Transvaginal transverse image shows a left utero-sacral liga-
ment visible with a hypoechogenic nodule with irregular margins in the
proximal part, near the insertion on the cervix

Fig.5.49 Transvaginal oblique image shows a right utero-sacral liga-
ment visible with a hypoechogenic nodule with irregular margins in the
medial part, near the insertion on the cervix
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Fig. 5.52 Transvaginal sagittal image shows a long hypoechogenic
thickening fixed at the posterior uterine wall (posterior subperitoneal

Fig.5.50 Transvaginal transverse image shows a left utero-sacral liga- space). No vascularization on color Doppler sonography

ment visible with a hypoechogenic linear thickening with regular mar-
gins (arrow). Compare it with a normal right utero-sacral (arrowhead)

Fig. 5.53 Transvaginal sagittal image shows a long hypoechogenic
thickening fixed at posterior cervix wall (posterior subperitoneal space)

Fig.5.51 Transvaginal transverse image shows a left utero-sacral liga-
ment visible with a hypoechogenic linear thickening with a small cyst
and regular margins (arrow). Compare with a normal right utero-sacral
(arrowhead)
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Fig.5.54 (a) Axial, SE, T1 weighting, with fat saturation. In this case, active endometriosis foci can be identified in the left uterosacral ligament
(arrows). (b) Axial, TSE, T2 weighting. The same as seen on (a); however, now it is in a sequence weighted in T2

Fig.5.55 Sagittal, TSE, T2 weighting. The adhesion process of the
posterior compartment can be observed, obliterating the rectouterine
recess, by a hypointense band, joining the posterior uterine serous
with the anterior rectal wall (arrow). Cystic adenomyosis is also
identified (C)

Fig. 5.56 Sagittal, TSE, T2 weighting. Adhesions processes are
observed at the posterior compartment, partially obliterating the recto-
uterine recess, by hypointense band, joining the posterior uterine serous
with the rectum (arrow)
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Vaginal and Rectovaginal Septum Endometriosis
The rectovaginal septum is a layer of sub-peritoneal connec-
tive tissue, lower in the posterior vaginal wall and the ante-
rior wall of the rectum. It allows sliding between them. When
affected by endometriosis, besides examining whether ureter
and hypogastric nerve involvement are seen in the MR, the
extent of anus muscle elevator should also be investigated
(Fig. 5.57).

Vaginal involvement by endometriosis is usually sec-
ondary to infiltration from retrocervical lesions. They usu-
ally appear as thick areas or small nodes, usually with
internal cystic areas that can sometimes infiltrate the
mucous membrane (Figs. 5.58, 5.59, and 5.60). The intro-

duction of vaginal gel greatly facilitates the evaluation of
the vaginal fornix [23].

Isolated rectovaginal septum endometriosis is very rare;
usually its involvement is secondary to a Douglas bag
lesion that grows in the caudal direction. Characterized in
ultrasound by a hypoechoic nodule with speckled margins,
it is located posterior to the vagina in its middle third [5]
(Fig. 5.61).

The vagina has walls that should have a thickness of less
than 3 mm in MR exams, with intense enhancement by con-
trast. And since the involvement in the vaginal wall as a nod-
ule is seldom prevalent, it is more often related to the
extension of another region.

Fig.5.57 (a) Sagittal, TSE, T2 weighting. Adhesions process of the
posterior compartment are observed, with pre-sacral collection that fea-
tures liquid level of intermediate and mixed signal. (b) Sagittal, SE, T1

weighting. The collection in this sequence has high signal, compatible
with hematic content, inferring endometriosis, in an unusual location

Fig. 5.58 Transvaginal transverse image shows posterior vaginal for-
nix thickened, with round cystic anechogenic areas. The vagina was
distended by ultrasound gel

Fig. 5.59 Transvaginal transverse image shows posterior vaginal for-
nix thickened, with round cystic anechogenic areas. The vagina was
distended by ultrasound gel
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Fig. 5.60 Sagittal, TSE, T2 weighting. A hypointense band is
observed, which extends from the uterine torus, compromising the ante-
rior wall of the rectum and the posterior vaginal wall, with obliteration
of the posterior fornix and the posterior vaginal fornix

4,0 8,0

Fig.5.61 Deep endometriosis of the rectovaginal septum. Transvaginal
sagittal view shows the space between rectum and vagina (under the
peritoneum) occupied by a hypoechogenic solid nodule with irregular
margins

Intestinal Endometriosis

Intestinal endometriosis is one of the most severe forms of
DE. Its diagnosis is extremely important for proper treatment
planning. About 90% of bowel nodules affect the
rectum-sigmoid; the other 10% can affect the ileum, cecum
and appendix [24]. The former are seen by transvaginal
ultrasound, and the latter during abdominal evaluation, using
the high frequency linear transducer.

In transvaginal ultrasound with bowel preparation, the
normal rectal wall has a first thin echogenic line correspond-
ing to serous, followed by the muscle hypoechoic, with a
thickness of less than 3 mm, and then the submucosa, which
also appears hyperechoic, and the mucosa, hypoechoic [9].
Initially, the DE lesion affects the serous and progressively
infiltrates the muscle, where it usually forms a nodule
(Figs. 5.62 and 5.63). It rarely reaches the mucosa. Intestinal
endometriosis is defined as that which infiltrates the muscu-
lar layer itself, so the involvement of only the serous is con-
sidered an adherence process [25] (Figs. 5.64 and 5.65).

A very common ultrasonographic aspect is the retro-
cervical fixed hypoechoic nodule that infiltrates the wall of
the rectum-sigmoid [9] (Figs. 5.66 and 5.67). It is important
in these cases to test the mobility of the structures by gently
squeezing the probe between the cervix and the rectum in
order to confirm the adhesion and block the posterior sac [9].

In about 40% of cases, DE infiltrates the intestine in more
than one place [26] (Fig. 5.68). The transvaginal ultrasonog-
raphy with bowel preparation is able to identify the number
of intestinal lesions, their sizes, the depth of infiltration on
parietal layers, circumferential engagement of the strap, and
also the distance from the anal surround, which are very
important parameters for surgical planning [23, 27].

The lesions in the rectum and sigmoid are initially identi-
fied as nodules on the MR, then forming an adhesion process
that can lead to stenosis and obstruction. It is important to
describe the lesion size (>3 cm) if the engagement is greater
than 40% of the circumference of the loop, if there is wall
invasion, mild stenosis, and the distance from the anal sur-
round (if greater than 6 cm, it may have peritoneal extension)
(Figs. 5.69 and 5.70).
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Fig.5.65 Transvaginal sagittal image shows a hypoechogenic thicken-
ing fixed at the serosa layer of the rectal anterior wall. The normal

aspect of the muscularis propria layer is preserved
Fig.5.62 Transvaginal sagittal image shows a hypoechogenic nodule

penetrating the rectal anterior wall until the internal muscularis layer.
The lesion effaced the normal adipose plane lying between the rectum
and the uterus

Fig.5.66 Transvaginal transverse image shows a hypoechogenic nod-
ule on the subperitonial posterior space with a nodule penetrating into
the rectal anterior wall until the internal muscularis layer

Fig. 5.63 Transvaginal transverse image of a rectum/sigmoid colon
shows a hypoechogenic nodule penetrating the anterior wall until the
internal muscularis layer

Fig.5.67 Transvaginal sagital image shows a hypoechogenic thicken-
ing fixed on the cervix posterior wall with a nodule penetrating into the
rectal anterior wall until the internal muscularis layer

Fig.5.64 Transvaginal sagittal image shows a hypoechogenic nodule
penetrating into the rectal anterior wall until the internal muscularis and
points of submucosa layer. The lesion effaced the normal adipose plane
lying between the rectum and the uterus
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Fig.5.68 Transvaginal sagittal image shows two hypoechogenic nod-
ules at the anterior wall of the rectum/sigmoid colon until the internal
muscularis layer

Fig. 5.70 Sagittal, TSE, T2 weighting. Note the extensive commit-
ment of the posterior compartment of the pelvis (arrows), with hypoin-
tense lesion “in mantle”, involving the posterior wall of the uterus,
invading the myometrium and extending itself to the anterior wall of the
rectum, with complete obliteration of the posterior compartment of the
pelvis

Fig.5.69 Sagittal, TSE, T2 weighting. In this image, we can identify
a large nodule in the anterior serosal of the rectal wall, formed together
with an adhesion process that extends itself from the posterior uterine
serosa (arrows). An anterior subserosal myoma is also identified



64

A.L.A. De Nicola and L.R.M.F. de Souza

Vesico-Uterine Recess and Bladder

Endometriosis

To properly assess the vesico-uterine space, a moderate blad-
der filling is needed. Lesions usually appear as thickenings in
plates attached to the anterior uterine wall and the uterine
insertion of the rounded ligaments (Figs. 5.71 and 5.72).

When there is already infiltration of the posterior bladder
wall, it is usually in the midline, closer to the vesical dome,
and rarely near the trigon. The ultrasonographic appearance
translates into hypoechoic nodules, commonly containing
small internal cystic areas, with loss of echogenic line integ-
rity of the serous, with the appearance of organ infiltration
“from the outside to the inside” [28, 29] (Figs. 5.73 and 5.74).

In the anterior compartment, multifocal identification
engagement is more frequent, with lateral extension of the
round ligaments, anterior to the vesical ceiling and posterior
vesical wall. For this analysis, the patient should begin the
MR preferably with an empty bladder.

The bladder wall is formed by three predominant layers:
adventitia, detrusor (muscle), and the mucous membrane.
The bladder is compromised in 11% of the cases of severe
endometriosis [30]; its main limits are vesico-uterine spaces,
retropubic (Retzius), and vesico-vaginal.

Fig. 5.71 Transvaginal transverse image shows a small hypoecho-
genic nodule with cystic area in the vesicouterine pouch, without blad-
der involvement

A lesion that can simulate vesical involvement by endo-
metriosis at the MR is the median umbilical ligament, which
is previous and superior set in the vesical ceiling. It is a
fibrous cord, urachus trace (Fig. 5.75).

Another lesion that can simulate vesical endometriosis is
the diverticulum of the urachus, which may show a hyper-
sign on T1 with fat saturation, simulating endometriosis.

The endometriosis implant affects the bladder as an iso-
lated injury, predominantly involving the muscle layer. It
presents as a hypointense and irregular nodule, with a hetero-
geneous signal, in the posterior wall and vesical superior sur-
face, and is prone to invasion in the vesico-uterine recess
(Figs. 5.76 and 5.77).

It is important to assess the following in the MR
images:

e Miometrial impairment

*  Mucosa/submucosa impairment
¢ Distance of the ureteral meatus
¢ Size of the ureteral meatus

The ureter is more often affected in the distal third, is one-
sided, and more related to the left side.

Fig. 5.72 Transvaginal transverse image shows a hypoechogenic
thickening with cystic area in the vesicouterine pouch, at the left round
ligament uterine insertion. There are no bladder involvement signs
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Fig. 5.73 Transvaginal sagittal image shows a bladder involvement.

Note the hypoechoic nodule within the posterior wall of the bladder in

front of the vesicouterine pouch Fig.5.75 Sagittal, TSE, T2 weighting. The median umbilical ligament
(arrow) can be identified in this image. This ligament is an embryologi-
cal remainder. When presents more focal nodularitty with smaller
dimensions, may have an image aspect similar to a bladder focal lesion,
such as endometriosis

Fig. 5.74 Transvaginal transverse image shows a bladder-deep endo-
metriosis. Note two hypochoic nodules within the posterior wall of the
bladder
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Fig.5.76 (a) Sagittal, TSE, T2 weighting. Note that the white arrow  extension up to the previous uterine serous, implying the possibility of
shows a nodular focal lesion of the top of the bladder with heteroge- endometriosis. (b) Same image (arrow), now in SE sequence, T1
neous signal. The picture is very similar to an intravesical tumor. note, ~ weighting, with fat saturation

however that there is obliteration of the vesico uterine space, with

Fig.5.77 Sagittal, TSE, T2 weighting. Another case of bladder endo-
metriosis with a focal mass in the anterior and top of the bladder (arrow)
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Myometrium Endometriosis (Uterine Serous)

In the posterior myometrium, local affection in MR can be
variable; however, it is always peripheral, which helps dif-
ferentiate adenomyosis, and which initially has central
involvement. When they present cloak morphology, they

tend to follow the uterine serous, with varying degrees of
myometrial penetration. In addition to the diameters in the
MR reports, the depth of myometrial involvement and its dis-
tance to the uterine cavity must be described [29] (Figs. 5.78
and 5.79).

Fig. 5.78 Sagittal, TSE, T2 weighting. Note in this case, a similar
lesion to Fig. 5.20, with involvement of the posterior uterine serosa,
space obliteration, and myometrial invasion (arrows)

Fig.5.79 Sagittal, TSE, T2 weighting. In this case, the uetrine com-
mitment is deeper and lateral, extending the adhesion process of the
posterior uterine serosa into the lateral compartment, involving the right
ovary, the sacrum uterine ligament (LUS DIR), and forming a hydro/
hematosalpinx with the distal tubal fimbriae (TUBA DIR)
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Endometriosis in the Lateral Compartment
The paracolpi and parametrium are located between the leaf-
lets of the broad ligament, consisting of cellular connective
tissue and the parametrium delimits the lateral uterine borders;
the paracolpi delimits the distal third of the vagina. Signal
similar to fat appears in the MR, except in the region of the
transition from the cervix with the vaginal vault, where small,
hypointense, thin beams come from the cardinal ligament,
which is another uterine-supporting structure (Fig. 5.80).

Its impairment is almost always secondary to the exten-
sion of another affected site; these can be uterosacral liga-
ments, rectovaginal septum, or the retrocervical region.

Fig. 5.80 Coronal, TSE, T2 weighting. In this figure, we have the
envolvment and invasion of the right parametria, with an arching
position of the broad right ligament (arrows)

Whenever there is parametrial involvement, the extent to the
uterine artery has to be assessed; this may compromise surgi-
cal planning.

The hypogastric nerve is composed of complex upper and
lower hypogastrics, next to the uterosacral ligaments and
medial to the ureters. The impairment generally extends to
the lateral and posterior pelvic wall [29, 30].

The pelvic floor can be surrounded by an extension of the
affection of the broad ligaments, and may involve the anus
muscle elevator in the midline or lateral anus. Involvement of
perineal membrane endometriosis is rarely found in the epi-
siotomy scar.
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Leiomyoma and Cavitary Lesions

Harley De Nicola and Jacob Szejnfeld

Introduction

Leioyomas (fibroids or myomas) are the most common
tumors of the uterus, occurring in 5-77% of women, depend-
ing on the method of diagnosis used. These benign masses
occur in 20-50% of reproductive-age women [1].

Myomas arise from genetic alterations in a single
myome trial cell and thus are often described as clonal [2].
Although estrogen may stimulate myoma development and
growth, myomas may also grow when circulating estrogen
levels are low, possibly because ovarian and adrenal andro-
gens can be converted to estrogens by aromatase activity
within myoma cells [3].

Whereas most women with uterine myomas are asymptom-
atic, many may have significant symptoms, including pelvic and
abdominal pain and excessive bleeding. Other symptoms of
myomas may result from their imposition on adjacent organs
such as the bladder (urinary frequency) or rectum (tenesmus).

Although uterine myomas can be identified in approxi-
mately 5-10% of infertile women, only 2-3% of infertility
cases can be attributed to the effects of myomas when all
other causes are excluded [2-4]. In a prospective cohort
study of women with otherwise unexplained infertility, 11%
of women with myomas conceived without intervention
compared with 25% of those without myomas and 42% of
women who underwent laparoscopic myomectomy [5].

Myomas can adversely affect fertility through several
mechanisms:
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* Displacement of the cervix that may reduce exposure to
sperm

e Obstruction of the proximal fallopian tubes

e Disordered uterine contractility

* Endometrial inflammation or secretion of vasoactive
substances

e Disruption of the endometrium and implantation due to
atrophy or venous ectasia over or opposite a submucous
myoma [1, 2]

Some authors suggests that the location of the fibroids
may matter: women with subserosal fibroids do not seem to
be less fertile than women with no fibroids; however, women
with submucosal fibroids (with or without intramural
fibroids) had decreased fertility and increased pregnancy loss
compared to women with no fibroids [6, 7].

Infertility is rarely caused by myomas, but when it hap-
pens it is associated with a submucous myoma or a markedly
distorted, enlarged endometrial cavity that interferes with
normal implantation or with sperm transportation. Severe dis-
placement of the cervix is also capable of adversely affecting
sperm deposition. Intramural myomas may cause obstruction
or dysfunction of the tubal ostia or intramural portion of the
tubes. For patients undergoing in vitro fertilization, distortion
of the endometrial cavity by myomas is associated with
decreased pregnancy rates and spontaneous abortion rates in
up to 50% of cases. Uterine myomas have also been impli-
cated in recurrent pregnancy loss [2, 6, 7].

MRI

MRI can provide details about fibroid size, location, signal
intensity, and enhancement characteristics. Because uterine
fibroids are sharply demarcated from surrounding myome-
trium by a pseudocapsule of light areolar tissue or com-
pressed myometrial tissue, precise measurements can be
made with three-planar MRI on T2-weighted images.
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Fibroids typically are well-defined masses of low signal
intensity on T2-weighted images and enhanced after admin-
istration of contrast material. A less common group are those
showing high-signal intensity on T2-weighted images,
thought to represent hypercellular fibroids, composed of
compact smooth muscle cells without intervening collagen.

As they increase in size, fibroids may undergo hyaline
degeneration, resulting in a low-signal intensity on T2-weighted
images. Findings indicating hemorrhagic degeneration may
depend on how much time has gone by since degeneration, but
usually hemorrhagic degeneration is seen as high signal inten-
sity on T1-weighted images within the entire fibroid and lack
of enhancement after administration of contrast material [8, 9].

Ultrasound

Ultrasound (US) is usually the initial investigation for exam-
ining the female pelvis. Transvaginal scans are more sensitive
for the diagnosis of small fibroids; however, both transab-
dominal and transvaginal scans should be performed.

Transabdominal views are often of limited value in obese
patients. Ultrasonography is highly operator-dependent, and
in skilled hands, fibroids as small as 5 mm can be detected on
transvaginal US [10].

Uterine fibroids most often appear on ultrasound as con-
centric, solid, hypoechoic masses. This appearance results
from the prevailing muscle, which is observed at histologic
examination. These solid masses absorb sound waves and
therefore cause a variable amount of acoustic shadowing.

Even non-calcified fibroids often show a degree of poste-
rior acoustic shadowing, although this is of course more
marked in calcified fibroids.

Degenerate fibroids may have a complex appearance, with
areas of cystic change. Doppler findings typically show cir-
cumferential vascularity; however, necrotic fibroids or fibroids
that have undergone torsion will show absence of flow [11, 12].

Subserosal Myomas

Subserosal myomas typically develop on the outer uterine
wall. The growth of a subserosal fibroid tumor will put addi-
tional pressure on the surrounding organs. Therefore, symp-
toms of subserosal myomas do not usually include abnormal
or excessive menstrual bleeding or interfere with a women’s
normal menstrual flow or fertility.

Intramural Myomas
Intramural myomas typically develop within the uterine wall

and expand from there. These uterine fibroids are the most
common. This type of fibroid tumor can also cause “bulk

symptoms” such as excessive menstrual bleeding, which can
cause prolonged menstrual cycles, clot passing, and pelvic
pain that is caused by the additional pressure placed on sur-
rounding organs by the growth of the fibroid, which conse-
quently can cause frequent urination and pressure.

Pedunculated Myomas

Pedunculated uterine myomas occur when a fibroid tumor
grows on a stalk, resulting in pedunculated subserosal
fibroids. These fibroids can grow on the outside of the uter-
ine wall. Symptoms associated with pedunculated fibroid
tumors include pain and pressure as the fibroids can some-
times twist on the stalk.

Submucosal Myomas

The least common of the various types of fibroid tumors are
submucosal fibroids; these develop just under the lining of
the uterine cavity. Large submucosal fibroid tumors may
increase the size of the uterine cavity and can block the fal-
lopian tubes, which can cause complications with fertility.
Some fibroid tumors don’t produce any symptoms at all,
while others can be severely symptomatic.

Submucous fibroids are usually clearly visible, separate
from the endometrium at transvaginal ultrasound, but can be
difficult to differentiate from polyps. Sonohysterography is a
technique in which sterile saline is instilled into the uterine
cavity via a transcervical catheter while performing an ultra-
sound scan. This method allows better visualization of the
endometrium and has been shown to be more accurate than
traditional TV USG in detecting submucous fibroids and in
differentiating them from polyps. The likelihood of polyps
seems to be greater when there is a combination of an intact
endometrial-myometrial interface, a single vessel, an acute
angle, and homogeneous echogenicity [13].

The classification of submucosal myomas can be useful
when considering therapeutic options or surgical approaches.
The most widely used system categorizes the leiomyomas
into three subtypes, according to the proportion of the
lesion’s diameter that is within the myometrium, usually as
determined by saline infusion sonography or hysteroscopy
[14]. The FIGO (International Federation of Gynecology and
Obstetrics) system for classification of causes of abnormal
uterine bleeding in reproduction-age women uses the same
system for categorization of submucous leiomyomas, but
adds a number of other categories, including type-3 lesions
that abut the endometrium without distorting the endometrial
cavity [15]. In addition, this system allows categorizing the
relationship of the leiomyoma outer boundary with the uter-
ine serosa, a relationship that is important when evaluating
women for resectoscopic surgery. Thus, a European Society
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of Gynecological Endoscopy (ESGE) type-2 leiomyoma that
reaches the serosa is considered to be a type-2-5 lesion and
therefore is not a candidate for surgery [16] (Figs. 6.1, 6.2,
6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 6.10, 6.11, 6.12, 6.13, 6.14,
6.15, 6.16, and 6.18).

The ESGE and the expanded FIGO classification systems
are relatively simple and provide a framework for both
research and clinical medicine, leaving investigators and cli-
nicians to add, as deemed appropriate, other variables such
as size, number, and location of the leiomyomas in the

Fig. 6.1

uterine wall. Many of these limitations have been incorpo-
rated into another classification system that has been
designed to take into account four criteria:

* Myometrium invasion (same as the ESGE/FIGO system
for submucous lesions) — proportion of the local endome-
trial surface area occupied by the base of the myoma

e The largest diameter of the myomas

e Location (Table 6.1) [17].

(a) Longitudinal section, showing hypoechoic and intramural myoma in the posterior region of the cervix (red arrow), compressing the

cervical canal. (b) Color Doppler showing central and peripheral vasculature in the myoma

Fig.6.2 (a) Axial ultrasound section, showing uterine body (red arrow), pedicle myoma in the left adnexal region (white arrow) and its respective
pedicle (green arrow). (b) Power Doppler showing vascularization in vascular pedicle of the myoma
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Fig.6.3 (a) Axial ultrasound section of the uterine body (red arrow), showing subserosal nodule in the left side wall that compresses the proximal
portion of the left uterine tube (green arrow). (b) Power Doppler showing sparse vascularity within the myoma

Fig. 6.4 (a) Axial ultrasound section of the uterine fibroid, showing showing peripheral vascularization in the myoma, in a study with power
myoma (red arrow) with submucosal component, less than 50%, and  Doppler. (¢) Same myoma (red arrow) in longitudinal section, showing
mostly with intramural component. The green arrow indicates the greater intramural than submucosal component. Note the narrowing of
endometrial echo. (b) Longitudinal ultrasound section of the uterus, the anterior portion of the endometrium
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Fig. 6.5 (a) Longitudinal ultrasonographic section of the uterus, showing, between the arrows, oval and hyperechoic focal thickening of the
endometrial echo, compatible with polyp. (b) Power Doppler demonstrating vascular pedicle in the polyp

Fig. 6.6 Longitudinal section of retroverted uterus. The yellow arrow
shows oval and hyperechoic image, in endometrial echo, compatible
with polyp. Notice the previous endometrial bulging

Fig. 6.7 (a) Hysterosonography: Longitudinal ultrasound section of
the uterus. The blue arrow shows a previous subserosal myoma. The
yellow arrow shows anechoic fluid in the endometrial cavity (saline
solution infused) that works as a contrast, allowing better identification

of the endometrial polyp (red arrow). Notice the clear delineation
between the endometrium and myometrium. (b) Same hysterosonogra-
phy, showing the polyp in coronal section, in 3-D ultrasound, with mea-
sures between the calipers
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Fig. 6.8 Coronal section, in 3-D ultrasound. The picture shows the
endometrial cavity, with a small amount of liquid. The white arrows
show two adjacent nodes, compatible with polyps. The good delimita-
tion between the endometrium and the myometrium is evident

Fig. 6.9
echiae") is a condition characterized by the presence of scarring or fibro-
sis within the uterine cavity. In general, uterine synechiae are caused by
damage to the lining of the uterus, such as curettage after abortion (most
common), endometritis, intrauterine surgery, and radiotherapy; these
can cause infertility, recurrent miscarriages, and menstrual disorders.
The prognosis for success in pregnancy after the removal of uterine

(a, b) Asherman’s Syndrome (also known as "uterine syn-

adhesions is associated with the type and severity of synechiae.
Endometrial synechiae have excellent prognoses. On the other hand, the
fibrous synechiae can only be undone with resection or laser, and have a
high rate of recurrence after resection, making the prognosis of preg-
nancy much worse. The white arrows show the presence of thin,
hypoechoic tissue “dividing” the endometrial echo (synechiae) in a
32-year-old patient with difficulty getting pregnant after curettage
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Fig. 6.10 Hysterosonography, showing longitudinal section of the
uterus. The yellow arrow indicates the catheter balloon used. The red
arrow shows liquid infused into the endometrial cavity. The heads of
white arrows show a large submucosal nodule (myoma). Note that —
unlike the polyps — the endometrial interface with the myometrium is
poorly defined due to the presence of the nodule

Fig. 6.12 MRI of the pelvis, sagittal, T2 weighted, showing various
uterine nodules with hyposignal, which are subserosal and intramural,
and one is submucosal

Fig. 6.11 MRI of the pelvis, sagittal, T2 weighted, showing uterine
nodule with hyposignal (arrow), presenting intramural and submucosal
component

Fig. 6.13 MRI of the pelvis, sagittal, T2 weighted, showing uterine
nodule with hyposignal (arrow) with intramural and submucosal com-
ponent; however, it is more heterogeneous than in the previous exam-
ples due to small areas of cystic degeneration. The higher the amount of
muscle fibers, the more hypointense it is on T2
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Fig. 6.14 Axial sections of the pelvis MRI, showing a heterogeneous uterine nodule (arrow), and with low signal, in images weighted in T1 (a),
T2 (b) and with loss of signal in T1 FS (fat saturation — image (c)). This pattern is characteristic of fatty degeneration (lipoleiomyoma)
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Fig.6.15 Calcified myoma: (a) MRI of the pelvis, axial, T1 weighted, in post-contrast, showing intramural uterine nodule (arrow) that is hypoin-
tense, with a hyperintense halo around it. (b) Same nodule, with sagittal image weighted in T2

Fig. 6.16 Submucosal and intramural myoma (green arrows), and uterine cavity (red arrow), filled with thick liquid. In (a) MRI of the pelvis,
axial section of image weighted in T2, showing heterogeneous uterine nodule, with hyposignal. In (b) ultrasound image of the same case
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Fig. 6.17 Submucosal myoma. (a) Pelvic MRI, weighted in T1 after =~ Same nodule, with image weighted in T2. Note the lump continuity
contrast injection (sagittal section), showing nodule with hypersignal ~ with the myometrium
(arrow), occupying endocervical canal, and extrauterine portion. (b)
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Fig.6.18 Endometrial polyp. (a) MRI of the pelvis, sagittal, T2 weighted. The polyp image is very subtle, appearing as an isointense enhancement
(arrow) that may have a more heterogeneous center. (b) Same polyp, in T1-weighted image

Table 6.1 Presurgical classification of SM myomas

Largest Extension of myoma
Penetration of myoma base to endometrial Location along Lateral
Points myometrium diameter cavity surface uterine wall (thrid) wall (+1)
0 0 <2 cm <1/3 Lower
1 <50% 2-5 cm <1/3 to 2/3 Middle
2 >50% >5cm >2/3 Upper
Total score + + + +

Modified from Lasmar et al. [17]



82

H. De Nicola and J. Szejnfeld

References

. Fibroids in infertility — consensus statement from ACCEPT

(Australasian CREI Consensus Expert Panel on Trial evidence).
Aust N Z J Obstet Gynaecol.2011;51:289-95.

. ASRM Practice Committee. Myomas and reproductive function.

FertilSteril.2008;90(Suppl 3):125-30.

. Rein MS, Friedman AJ, Barbieri RL, Pavelka K, Fletcher JA,

Morton CC. Cytogenic abnormalities in uterine leiomyomata.
Obstet Gynecol. 1991;77:923-6.

. Buttram Jr VC, Reiter RC. Uterine leiomyomata: etiology, symp-

tomatology, and management. Fertil Steril. 1981;36:433-5.

. Donnez J, Jadoul P. What are the implications of myomas on fertil-

ity? A need for a debate? Hum Reprod. 2002;17:1424-30.

. Farquhar C. Do uterine fibroids cause infertility and should they be

removed to increase fertility? BMJ. 2009;338:b126.

. Sunkara SK, Khairy M, El-Toukhy T, Khalaf Y, Coomarasamy

A. The effect of intramural fibroids without uterine cavity involve-
ment on the outcome of IVF treatment: a systematic review and
meta-analysis. Hum Reprod. 2010;25:418-29.

. Fennessy F, Tempany C. Focused ultrasound ablation of uter-

ine leiomyomas. In: Fielding J, Brown D, Thurmond A, edi-
tors. Gynecologic imaging. Philadelphia: W. B. Saunders; 2011.
p. 584-9.

. Fennessy F. MRI of benign female pélvis. 2013;ARRS Categorical

Course. www.arrs.org/shopARRS/products/s13p_sample.pdf.

11.

12.

13.

14

15.

16.

. Sue W, Sarah S-B. Radiological appearances of uterine fibroids.

Indian J Radiol Imaging. 2009;19(3):222-31.

Minsart AF, Ntoutoume Sima F, Vandenhoute K, Jani J, Van
Pachterbeke C. Does three-dimensional power Doppler ultrasound
predict histopathological findings of uterine fibroids? A preliminary
study. Ultrasound Obstet Gynecol. 2012;40(6):714-20.

Callen PW, editor. Ultrasonography in obstetrics and gynecology.
5th ed. Philadelphia: Saunders Elsevier; 2007.

Bhaduri M, et al. Sonohysterography for discriminating polyps
from fibroids. J Ultrasound Med. 2014;33:149-54.

. WamstekerK,EmanuelMH, deKruifJH. Transcervical hystero-

scopic resection of submucous fibroids for abnormal uterine bleed-
ing: results regarding the degree of intramural extension. Obstet
Gynecol. 1993; 82:736-40 (1I-2).

MunroMG, CritchleyHO, BroderMS, Fraser IS. The FIGO
Classification System (“PALM-COEIN”) for causes of abnormal
uterine bleeding in non-gravid women in the reproductive years,
including guidelines for clinical investigation. Int J Gynaecol
Obstet. 2011;113:3-13 (N/A).

American Association of Gynecologic Laparoscopists (AAGL):
Advancing Minimally Invasive Gynecology Worldwide. AAGLpractice
report: practice guidelines for the diagnosis and management of sub-
mucous leiomyomas. J Minim Invasive Gynecol. 2012;19(2):152-71.

. LasmarRB, BarrozoPR, DiasR, OliveiraMA. Submucous myomas:

a new presurgical classification to evaluate the viability of hystero-
scopic surgical treatment—preliminary report. J Minim Invasive
Gynecol. 2005;12:308-11 (1I-2).


http://www.arrs.org/shopARRS/products/s13p_sample.pdf

Adenomyosis

Ana Luisa Alencar De Nicola and Luis Ronan Marquez

Ferreira de Souza

Definition and Clinical Findings

Adenomyosis is defined as a benign invasion from the endo-
metrium into the myometrium, producing a diffuse increase
in the uterus, showing under a microscope non-neoplastic
endometrial glands and stroma surrounded by hypertrophic
and hyperplastic myometrium [1]. Siegler and Camilien [2]
define adenomyosis as the presence of endometrial and
corium glandular cells on more than 2.5 mm from the
endometrium-myometrium interface.

Adenomyosis affects women over age 30, predominantly
from 40-50. It usually manifests clinically with dysmenor-
rhea, dyspareunia, and menometrorrhagia, which are non-
specific symptoms that are also common in other pelvic
conditions, such as myoma, endometriosis, endometrial pol-
yps, and dysfunctional uterine bleeding [3, 4]. The physical
examination only shows positive findings when there is
already an increase in uterine volume [3, 4].

The prevalence of adenomyosis, according to a hysterectomy
series published in the literature, varies from 5% to 70% [5].
This great variation occurs to a large extent because there is no
correlation between the histological parameters used by pathol-
ogists for this diagnosis [5]. In the same uterus, incidence varied
between 31% and 62%, depending on the number of biopsies
that were performed [1]. The risk factors for adenomyosis are a)
previous hysteroscopic surgery, and b) multiparity [6].

For many years, the diagnosis of adenomyosis was found
only in the hysterectomy after surgery, usually in patients in
their 30s and 40s who were symptomatic and most of the
time with constituted offspring [7]. The introduction of
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imaging methods in the study of the pelvis allows an earlier
diagnosis of adenomyosis, with excellent accuracy, and has
brought with it the prospect of evaluating its impact on clini-
cal symptoms, including infertility [8].

The relationship between adenomyosis and infertility has
been much researched nowadays, due to frequent findings of
adenomyosis in younger patients, and is often associated
with endometriosis and infertility [8, 9]. More recent studies
have shown concordance between adenomyosis and endo-
metriosis, from 27% and even up to 70% of the cases [8, 10].
Changes in uterine peristalsis are considered one of the
hypotheses of the pathophysiology of adenomyosis, and can
also be one of the causes of infertility, due to irregular trans-
port of gametes [9].

Classification

From the pathological point of view, adenomyosis can be
classified as superficial (when it reaches the inner third of the
myometrium), or deep (when it reaches the two outermost
thirds of the myometrium) [11]. It is classified as diffuse if it
affects all the walls of the uterus, and focal when it only
affects a wall. For the diffuse one, the differential diagnosis
is done with uterine myomatosis, and the focal form (adeno-
myomas) with the myomas.

The association between adenomyosis and other uterine
disease is quite common. In a study, the association with
other pelvic abnormalities was present in 82.5% of the cases
[12]. In another publication, concomitance with uterine
fibroids was seen in 38.5%, and with endometrial hyperpla-
sia in 30.8% of the cases that were studied [13].

Image Findings
Pelvic imaging methods used for diagnosis are both trans-

vaginal ultrasonography and magnetic resonance imaging.
Both methods are dependent on the examiners, and MR
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today is considered the method of choice in cases of clinical
suspicion [3, 14, 15]. It has a sensitivity of 70-86% and a
specificity of 86-93% [3].

For the diagnosis of adenomyosis on ultrasound, it is very
important that the examiner pay attention to clinical informa-
tion. A brief anamnesis, therefore, should always be per-
formed. Transvaginal ultrasound, when performed by an
experienced examiner, can have great diagnostic accuracy
with sensitivity rates of 65 % and specificity of 97.5% [3]. In
a group of patients with endometrial menometrorrhagia,
without endometrial changes or myomas, the rates obtained
were 80.9% of sensitivity, 100% of specificity, and 82.6% of
accuracy [3]. While in a group of unselected patients who
would undergo hysterectomies, the sensitivity of ultrasound
was only 38.4% [12].

Various image signals associated with adenomyosis are
described in the literature, and it is common to find several of
them concurrently. The most important are:

Indistinct Endometrial-myometrial Junction

The loss of definition in the endometrial-myometrial transi-
tion is the characteristic sign of adenomyosis [5] (Fig. 7.1).
Whether in focal areas or in a diffuse way, the presence of
this uncertainty is an important parameter for the diagnosis
(Figs. 7.2 and 7.3). The precise classification of the endome-
trium can be difficult in these situations, sometimes simulat-
ing endometrial thickening [1] (Figs. 7.4 and 7.5). MRI can
confirm the diagnosis [3] (Fig. 7.6 a, b).

Fig. 7.1 Transvaginal sagittal image of the uterus shows heteroge-
neous echotexture in which the border from the endometrium is dif-
fusedly blurred with respect to the myometrium

Fig. 7.2 Transvaginal sagittal image of the uterus shows heteroge-
neous echotexture in focal area at anterior wall where the edge of the
endometrium is difficult to distinguish sonographically from the adja-
cent myometrium

Fig. 7.3 Transvaginal sagittal image of the uterus shows heteroge-
neous echotexture with poor definition of endometrium myometrial

junction diffusedly

Fig. 7.4 Transvaginal sagittal image of the uterus shows heteroge-
neous myometrium appearance, especially on the posterior wall where
hyperechoic areas with cysts mimic endometrial thickening
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Fig. 7.5 Transvaginal sagittal image of the uterus shows heteroge-
neous myometrium appearance in focal area at posterior wall where
hyperechoic areas with cysts mimic endometrial focal thickening

Fig. 7.6 (a) Transvaginal ultrasonography. In the fundus, an area of in the fundus corresponds to a focal thickening of the junctional zone
focal heterogeneity can be seen, without significant volume or mor-  (arrowheads). There is also a uterine myoma (arrow) that was also
phology changes. (b) Sagittal, TSE, T2 weighting. The area identified identified in the US
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Increase in Uterine Volume

Adenomyosis is a common cause of increased uterine vol-
ume [16]. Usually, the body is enlarged and presents a
rounded shape — that is, it acquires a globular aspect [3]
(Figs. 7.7, 7.8 and 7.9). This aspect, in the absence of focal
lesions, is closely associated with adenomyosis, and for
some authors it is considered a parameter with high sensitiv-
ity indexes for the diagnosis [13, 14].

Fig. 7.7 Transvaginal sagittal image shows a globular-appearing
uterus, mottled heterogeneous texture, and small cystic area

Fig. 7.8 Transvaginal sagittal image shows a globular-appearing
uterus. The shape of the uterine fundus was rounded and more spherical
in configuration without focal lesions

o

Fig.7.9 Coronal oblique, TSE, T2 weighting. Apart from the thicken-
ing and heterogeneity of the myometrium, endometrial striations, which
are adenomyosis characteristics, can also be identified (arrows). A
small myoma (arrowhead) and volumetric increase can be identified as
well
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Asymmetrical Thickening of the Uterine Walls _ . . [2D] G37 |

e s ) FAZ |
Disproportion between the thickness of the uterine walls
(anterior and posterior), is usually associated with adeno-
myosis [11] (Figs. 7.10, 7.11, 7.12, and 7.13). For some
authors, this signal can increase the method specificity [12].

Fig. 7.12 Transvaginal sagittal image shows a globular asymmetric,
enlarged uterus with the posterior wall enlarged with respect to the
anterior, heterogeneous myometrium, and poor definition of
endometrium-myometrial junction

Fig. 7.10 Sagittal, TSE, T2 weighting. In this case, a diffusely low
myometrium signal can be observed, secondary to the thickening of the
Junctional zone with uterine volume increase and “globular” morphol-
ogy, secondary to the asymmetry of the body walls promoted by a reac-
tional hypertrophy of the myometrium

Fig. 7.13 Sagittal, TSE, T2 weighting. This figure also shows the
engagement of the rear body wall by focal adenomyosis (arrows), with
thickening of the junctional zone and asymmetry of the body walls

Fig. 7.11 Transvaginal sagittal image shows a globular asymmetric
uterus (the posterior wall is enlarged with respect to anterior) and het-
erogeneous myometrium without leiomyomas
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Heterogeneous Appearance
of the Myometrium

One of the most frequent signs of adenomyosis is the het-
erogeneous appearance of the myometrium, usually char-
acterized by predominantly hypoechoic areas that affect
normal stratification. It was present in 84% of positive
cases in a study of histopathological correlation [6]
(Figs. 7.14, 7.15, 7.16, and 7.17). These heterogeneous
areas, more hypoechoic, can be focal, with ill-defined mar-
gins or compromising the organ diffusely [4] (Figs. 7.18a, b,
7.19, and 7.20). It is very important to identify this textural
change because it manifests itself even before the increase

in uterine volume. Fig. 7.16 Transvaginal sagittal image shows a uterus with heteroge-
neous echotexture in focal area at anterior wall. Note the poor definition
of the endometrium myometrial junction and the small cystic areas
associated

Fig. 7.14 Transvaginal sagittal image shows a uterus with markedly
heterogeneous myometrium (indistinctly defined hypoechoic myome-
trial areas) and poor definition of endometrium myometrial transition
diffusedly

Fig. 7.17 Transvaginal sagittal image shows a uterus with diffused
heterogeneous echotexture. Note the hypoechogenicity, global appear-
ance, and poor definition of the associated endometrium myometrial
junction

Fig.7.15 Transvaginal sagittal image shows a uterus with markedly
heterogeneous myometrium and poor definition of endometrium myo-
metrial transition in focal area of uterine fundus
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Fig.7.18 (a) Axial, TSE, T2 weighting. Signal of the myometrium dif-  (b) Axial, SE, T1 weighted, with fat saturation. Note the hyperintense
fusely reduced, secondary to the adenomyosis (arrows), with no signifi-  foci promoted by hematic content, in the myometrial cysts (arrows)
cant associated increase in volume, compatible with original shape.

Fig.7.19 Coronal, TSE, T2 weighting. Note the focal thickening of
the junctional zone, compatible with adenomyosis (arrows) involving
both uterine walls

Fig. 7.20 Sagittal, TSE, T2 weighting. In this case, an adenomyosis
focus can be observed in the anterior body wall, with body asymmetry
by the greater volume in the anterior (arrow)
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Cystic Myometrial Areas

The presence of anechoic areas, initially described as small
intramiometrial lakes measuring between 1 and 3 mm, is
associated with adenomyosis. When it was present, in the
midst of heterogeneous myometrial areas, in patients without
myomas or endometrial changes, it showed a diagnostic sen-
sitivity of 81% in a study [17]. Currently called myometrial
cysts, they are generally rounded, they are between 1 and
5 mm in size, and they are considered by some authors to be
one of the most sensitive signs for the diagnostis of adeno-
myosis [3]. These cysts probably correspond to expansions
of ectopic endometrial glands [13] (Figs. 7.21 and 7.22).

MR shows rounded foci ranging from 2-7 mm in diame-
ter, with an average of 3 mm, surrounded by myometrial tis-
sue. It is considered the main direct signal in the diagnosis of
adenomyosis. They can provide high signal on T1-weighted
sequences, depending on the phase of the secondary cycle to
micro-hemorrhages (Fig. 7.18 a, b).

Fig.7.21 Transvaginal transverse image of the fundus of the uterus
shows a mottled heterogeneous appearance with a small cystic area in
the posterior wall

Fig. 7.22 Transvaginal sagittal image of the uterus shows a mottled
heterogeneous appearance with small cystic areas in the posterior and
anterior wall (arrow)

Echogenic Endometrial Striations

In some cases of adenomyosis, sub-endometrial echogenic
linear images are formed, such as striations, transversely
crossing the myometrium (Figs. 7.23 and 7.24). The finding
of these striations or sub-endometrial echogenic nodules and
asymmetry in the thickness of the walls showed high speci-
ficity for the diagnosis of adenomyosis, when correlated with
histopathologic study [12]. Even alone, the sub-endometrial
striations were considered, in another study, as the parameter
with better specificity indexes, positive predictive value, and
the most useful one for the differential diagnosis of adeno-
myosis and other diseases, especially uterine fibroids [11]. In
MR, they have less significance when compared with the
thickness of the junctional zone and detecting of myometrial
cysts [13] (Fig. 7.9).

Fig.7.23 Transvaginal sagittal image of the uterus shows myometrial
hyperechoic striations as a radiate pattern of thin hyperechoic line pen-
etrating into the myometrium from the endometrium. The myometrium
is heterogeneous with poor definition of the endometrium myometrial
junction and small cysts associated

Fig.7.24 Transvaginal sagittal image of the uterus shows myometrial
hyperechoic striations more evident in the posterior wall (arrows)
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Thickening of the Junctional Zone

A thickness of more than 12 mm is considered to be the most
accepted criterion in the diagnosis of adenomyosis by MR,
with an accuracy of 85% and specificity of 96%.

Uterine zonal anatomy was originally described by
Hricak et al [18] in 1983, evidencing a signal hypointense
band with the endometrium, which was called “junctional
zone.” It presents myocytes with a different morphology
than other myometrial portions in its constitution, with a
large nuclear area, and little extracellular matrix with a con-
sequent small amount of water, reducing the signal on T2
weighted sequences. The concentric arrangement of myo-
metrial fibers in the inner portion of the myometrium also
adds to this (Fig. 7.10).

The junctional zone can vary according to age; it is thin in
the pubarche patient, and more difficult to define in elderly
patients who are post-menopausal, due to progressive loss of
hydration of the outer myometrial layer, hence reducing its
signal. It can also vary according to the menstrual cycle,
reaching its peak during the menstrual period; some authors
indicate performing MR in the ploriferative-secretorial final
phase in order to increase sensitivity [18]. Its value, when
regarded as normal, is less than 12 mm, with a median
between 5 and 8 mm (Fig. 7.19).

Two other parameters are related to the extent of the
junctional zone. The first is called junctional zone differ-
ential, described by Dueholm et al. [19] in 2001. It is cal-
culated by the difference between the maximum and the
minimum thickness of the anterior and posterior portions
of the uterus. Its validity has yet to be proven, and it is not
routinely used in practice. The other signal, known as
ratio of junctional zone thickness and miometrial thick-
ness, has already been rated by Bazot et al. [3], and its
accuracy is not statistically better than the simple mea-
surement of 12 mm in the true sagittal cut of sequences
weighted in T2 [4, 14].

Additional Magnetic Resonance Imaging
Parameters

Contrast Adenomyosis is most often a diffuse disease of the
myometrium, it presents enhancement with inespecific patterns.
Because of this, contrast use is unnecessary in most cases.

Diffusion Focal malignant lesions typically have low ADC
values, and the benign ones tend to have low values. However,
high levels of ADC may be found in hemorrhages and necro-
sis. They can be used as a complementary tool to differentiate
sarcomas of degenerated myomas, because myomas with

degeneration tend to have a higher ADC, and lower signal
than sarcomas. ADC and diffusion parameters with statisti-
cal significance for adenomyomas have not yet been found.

Cine-MRI The dynamic images from Cine-MRI allow the
differentiation between uterine contraction and focal adeno-
myosis in most of the cases. However, they are not widely
used in clinical practice, because it consumed time and hav-
ing been sucefully replaced by a another sagital T2 sequence,
performed in the end of exam.

Differential Diagnosis
Focal Adenomyosis and Myoma

There are two types of focal adenomyosis: (a) when the dis-
ease affects a single uterine wall, or (b) when it has a pseudo-
nodular feature, such as a rounded hypoechoic area, or
inaccurate boundaries in relation to the adjacent myome-
trium, known as “adenomyoma” [20]. The adenomyoma is
often confused with fibroids, and both can have the same
clinical presentation. Fibroids can be surgically excised
(myomectomies), while the definitive surgical treatment for
adenomyomas is hysterectomy. This accurate differential
diagnosis is very important, especially in patients who want
to preserve fertility and will be subject to myomectomies or
treatment with GnRH analogues [3].

Adenomyomas usually have ill-defined margins, while
myomas are more circumscribed, with better defined edges
[21, 22] (Figs. 7.25a—c, 7.26, and 7.27). In the colored
Doppler study, myomas often have characteristic peripheral
vasculature surrounding their margins, while adenomyomas
present vascularization in their center [16] (Figs. 7.28a, b,
and 7.29a, b). The presence of cystic gaps is also more fre-
quent in adenomyomas and may eventually be present in
myomas with hyaline degeneration [4]. The use of colored
Doppler in these cases is essential for the differential
diagnosis (Figs. 7.30a, b, and 7.31a, b). Special attention
should be given in cases of concurrence between myomas
and adenomyomas.

The adenomyoma, as well as the myoma, has low signal
intensity on T2; however, the adenomyoma usually has
small, hyperintense foci in T2, without large vessels identi-
fied on its periphery [23]. The cases of cystic adenomyoma
correspond to excessive ectopic endometrial tissue, which
produces focal hemorrhage. The lesion usually presents a
cystic cavity greater than 1 cm, with signal content compat-
ible with hemorrhagic material in its interior, surrounded
by fibrous tissue with low signal intensity on T2 [24]
(Fig. 7.32).
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Fig. 7.25 (a) Transvaginal ultrasonography. In this image, a nodule  has a cystic component (arrow) compatible with cystic adenomyosis.
can be seen (arrow), which is poorly defined in a discreetly heteroge-  (¢) Surgical piece. Myometrial nodulation with cysts in its interior,
neous myometrium, with no flow to the amplitude Doppler. (b) Sagittal, =~ compatible with adenomyosis

TSE, T2 weighting. The node identified in the US is heterogeneous and
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Fig.7.27 Transvaginal oblique image of the uterus shows a myoma on
Fig.7.26 Transvaginal transverse image of the fundus of the uterus  the right wall and focal hypoechoic circumscribed nodule (arrow)
shows an adenomyoma (arrows) on the left wall and hypoechoic,
poorly defined nodule

Fig.7.28 Transvaginal oblique image of the uterus with a myoma on the fundus. (a) Grayscale shows focal hypoechoic circumscribed nodule.
(b) Color Doppler sonogram shows vessels at the margin of the lesion

Fig.7.29 Transvaginal oblique image of the uterus. (a) Grayscale shows adenomyoma on the fundus (arrows). (b) Color Doppler sonogram of
the same image shows the presence of straight vessels traversing a hyper-trophic myometrium
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Fig. 7.30 Transvaginal oblique image of the uterus. (a) Grayscale sonogram of the same image shows the presence of straight vessels tra-
shows adenomyoma on the dorsal left aspect of the uterus with central ~ versing a hyper-trophic myometrium
cystic area that can simulate a degenerated myoma. (b) Color Doppler

Fig.7.31 Transvaginal transverse image of the uterus. (a) Grayscale shows a degenerated myoma as a well-circumscribed nodule with central
cystic area. (b) Color Doppler sonogram of the same image shows the presence of straight vessels traversing a hyper-trophic myometrium

Fig.7.32 Sagittal, TSE, T2 weighting. Note the adenomyosis focus in
the posterior wall (arrowheads) and an exophytic subserosal myoma in
the anterior wall (arrows)
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Adenomyosis and Endometriosis

Patients with endometriosis tend to have more severe pelvic
pain than those with adenomyosis. Endometriosis is
implanted in the uterine serous, and its involvement is uncon-
ventional, usually associated with the obliteration of a recto-
uterine recess and impairment of the front walls of the rectum
or posterior vaginal fornix. A local involvement of external
fibers of the myometrium and serous are more characteristic
of endometriosis with myometrial invasion than of adeno-
myosis, in most cases (Figs. 7.33 and 7.34).

Fig.7.33 Sagittal, TSE, T2 weighting. Endometriosis, when it affects
the myometrium, starts by the serous, promoting adherence hypoin-
tense foci, and obliterating the posterior compartment (arrows). The
focal involvement by adenomyosis may be a differential; however, its
characteristics are different due to the process starting in the junctional
zone, which in this case is preserved

Fig.7.34 Sagittal, TSE, T2 weighting. In this case there is a cyst (C)
representing the cystic adenomyosis affecting the anterior body wall.
Endometriosis adhesion bands in the rear compartment can also be
noted (arrow)
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Introduction

Among the various causes of infertility, uterine factors
account for approximately 13% of cases [1], which are sub-
divided into cervical and corporal causes. Miillerian duct
anomalies (MDAs), together with myomatosis, uterine
adherence, endometrial polyps, adenomyosis, and other
alterations of endometrial receptivity, belong to the latter
group. In a large number of cases, the direct relationship
between infertility and MDA is not clear [1, 2]. These cases
are associated more objectively with recurrent miscarriages,
complications during pregnancy, and premature births [1, 3].
It is difficult to estimate the true prevalence of MDAs
because many patients are asymptomatic [5]. Some of the
literature estimates that they are present in up to 3% of the
population, whereas others put the figure at up to 25%. The
absence of uniform criteria for the diagnosis of MDAs con-
tributes to the inconsistencies and variations found in differ-
ent studies [6]. Of the various criteria already established for
the classification of Miillerian anomalies [5, 7], the most
widely used is that which has been recommended by the
American Society for Reproductive Medicine, and whose
advantages and disadvantages are discussed in this chapter.
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In the propaedeutics of the evaluation of uterine causes
of infertility, various imaging procedures have been used,
especially when the tubal status is known [8]; these may be
classified as optimal and sub-optimal [3, 9]. The examina-
tion is considered optimal when it is possible to diagnose
and differentiate between the various types of MDAs, and
this discrimination depends upon the ability to delineate
the external (serous) and internal (endometrial) uterine
fundal contours [6]. In this chapter we concentrate on two
of these imaging techniques — three-dimensional ultra-
sound (3-D US), and magnetic resonance imaging (MRI),
whose results have been described in various studies in the
literature [4, 8, 10, 11].

The diagnosis and proper categorization of MDAS is nec-
essary for better management of resources and correct ori-
entation of patient treatment [1]. The aim of this chapter is
the didactic compilation of the diagnostic criteria for the
MDAs together with illustrations, complemented by the
theoretical aspect in legends of figures of the clinical cases.
In bringing the image and concept together, the goal is to
make this chapter a source for quick consultation, with
accessible information that may enable greater precision in
diagnoses.
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Embryology: A Brief Review
Interrelationship Between the Ductal Systems

The anatomical integrity of the uterus depends on the correct
development, fusion, and reabsorbtion of the walls juxtaposed to
the Miillerian ducts, resulting in the unity of the uterus-cervix-
vagina triad. All these stages are supported and induced by the
Wolffian ducts, which have two other functions: formation of the
vaginal plateau, and the ureteric bud. When the inducing func-
tion of these ducts is interrupted, alterations such as renal ageni-
sis, vaginal atresia, and uterine fusion defects may occur. The
proximity and interrelation between the two ductal systems
explains the concomitance of abnormalities found (see Fig. 8.1).
In practical terms, this should be a forewarning of more obvious
uterine malformations, and concomitant genital and urinary
alterations should be sought, which may be responsible for the
dominant clinical condition and whose detection will indicate
the most adequate treatment [5].

If there is any disorder in the Wolffian duct, there will be
impairment in the kidney formation, and the “floating” of the
Miillerian duct, inducing a loss of anatomical uterine integ-
rity — simultaneous genitourinary alterations.

Fig.8.1 Schematic drawing of the Muller and Wolf Ducts
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Types of Malformations

The classifications recomended by the American Society for
Reproductive Medicine are divided into seven categories and
focus on the evaluation of the resulting uterine anatomy
based on three types of alteration: absence of development
and/or hypoplasia of the Mullerian ducts; incomplete fusion
of the Mullerian ducts; or partial reabsorbtion of the interja-
cent myometrium when they fuse [12, 13].

The widespread acceptance of this form of classification
is due to its simplicity, especially for the identification of the
findings and the good correlation between anatomical altera-
tions and the obstetric prognosis of patients [5]. However,
some limitations are worth pointing out; these include the
impracticality in cases of more complex malformations [3—
6]; the fact that they are based on repercussions of fertility
[5]; obstructive conditions resulting from aplasia and/or vag-
inal hypoplasia with normal uterus that are not represented;
the fact that they do not provide objective aid to differentiate
some subtypes of MDAs (e.g., differentiation between a sub-
septate uterus and arcuate uterus) [6]; and the fact that there
is no determination of which diagnostic methods should be
used in the radiological propedeutics [9].

Types of MDAs

* Hypoplasia/agenisis, with Rokitansky syndrome the main
disorder in this category

e Unicornuate uterus

* Didelphic uterus

* Bicornuate uterus

e Septate uterus
e Arcuate uterus
e Alterations resulting from diethylstilbestrol (DES) use

Morphology and Uterine Morphometry

There are useful morphological and morphometrical criteria
in the differentiation among diverse sub-types, and also for
the definition of normal uterus, as described below.

Anatomical Reference: Interostial Line

The interostial line is that formed when the extremities of the
intramural regions of the uterine tubes join. The necessity to
obtain images on a true coronal plane of the uterus for the
adequate positioning of this line used in the measurements
must be emphasized.

Measurement of the Fundal Indentation

This indentation is the distance between the interostial line and
the apex of the serous uterine fundus. This measurement defines
whether there is any defect in uterine fusion, which is useful in
differentiating the septate uterus and bicornuate uterus.

Measurement of Depth of Impression

in the Fundal Myometrium in the Uterine Cavity
This line defines the degree of deformity upon the endome-
trial cavity. It is used in the differentiation between the sep-
tate uterus and arcuate uterus (respecting the limits of normal
fundal myoendometrial distance).
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Normal Uterus

e Normal uterine anatomy (Fig. 8.2)

e Morphometrical criteria

e Interostial line: joins both internal ostia of the uterine
tubes

MORPHOMETRIC CRITERIA:

» Yellow arrow: interostial line -
joins both internal ostia of the
uterine tubes.

» Whrite arrow: distance
between interostial line and
uterine fundal serous.
=20.5cm

* Red arrow: distance bewteen
interostial line and
myoendometrial interface.
<1,0cm

Fig. 8.2 Morphology and morphometry of normal uterus. The yellow
arrows show the positioning of the interostial line. The white arrow
shows the measurement of the distance between the interostial line and
the fundal uterine serous. This distance should be from the center of the
interostial line to the fundal uterine serous. From this measurement,

e Yellow arrow: distance between interostial line and
fundal serous. This distance must be greater than or equal
to 0.5 cm

e Red arrow: distance between interostial line and

myoendometrial interface. This distance should be up to
1.0cm

MORPHOLOGICAL
CRITERIA:

« Fundic face of the
myometrium: convex.

» Endometrial face of the
myometrium: convex.

fusion and reabsorption disorders are distinguished. The endometrial
margin of the uterine fundus usually has a convex, rectilinear or even
concave aspect. The degree of depth should be measured from the cen-
ter of the interostial line, and should not be greater than 1.0 cm. (Figure
courtesy: Athos Correia Sampaio, Federal University of Bahia)
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Arcuate Uterus

e Morphometrical criteria (Fig. 8.3)

¢ Interostial line: joins both ostia of the uterine tubes

*  White arrow: distance between the interostial line and the
fundal serous. This distance must be greater than or equal
to 0.5 cm

» Differentiates fusion and reabsorbtion disorders

* Red arrow: distance between interostial line and the myo-
endometrial interface

e The distance must be greater than or equal to 1.0 in and
smaller than 1.5 cm

MORPHOMETRIC CRITERIA

e White arrow: >0.5 cm *
*differentiates fusion and reabsorbtion disorders

e Redarrow: 1.0cm <——<1.5cm

Fig.8.3 The main difference between the normal uterus and the arcu-
ate uterus is the degree of impression of the fundal myometrium on the
endometrial cavity. (Figure courtesy: Athos Correia Sampaio, Federal
University of Bahia)

Septate Uterus

e Morphometrical criteria (Fig. 8.4)

e Interostial line: joins both internal ostia of the uterine
tubes

* White arrow: distance between interostial line and
fundal serous. This distance must be greater than or
equal to 0.5 cm

» Differentiates between fusion and reabsorbtion disorders

e Red arrow: distance between interostial line and myoen-
dometrial interface. This distance must be greater than
1.5cm

.l

MORPHOMETRIC CRITERIA

¢ White arrow: 20.5 cm *
*differentiates between fusion and reabsorbtion
disorders

e Redarrow: — <1.5cm

Fig. 8.4 The length of the septum is variable. When it extends to the
external ostia of the colon, it is considered complete septate. (Figure
courtesy: Athos Correia Sampaio, Federal University of Bahia)
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Bicornuate Uterus

e Morphological criteria (Fig. 8.5)

* Fork aspect

e Morphometrical criteria

» Interostial line: joins both ostia of the uterine tubes

*  White arrow: distance between interostial line and fundal
serous. This distance should be less than 0.5 cm

» Differentiates between fusion and reabsorbtion disorders

e Biconuate and didelphic uterus: fusion disorders

e Septate and arcuate uterus: absorbtion disorders

MORPHOLOGICAL CRITERIA:
¢ Fork aspect

Morphometrical criteria:

¢ White arrow: <0.5cm*
* Differentiates between fusion and reabsorbtion
disorders

Biconuate and didelphic uterus: fusion disorders
Septate and arcuate uterus: absorbtion disorders

Fig. 8.5 The main morphometrical criterion is the distance from the
interostial line to the apex of the fundal serous. When it is less than
0.5 cm, it is considered to have a fusion defect. The presence of a cor-
poral junction between the two hemi-uteri, with or without myometrical
reabsorpion between them, differentiates the bicornuate uterus from the
didelphic one. There may be as much duplication as septation of the
colon and/or the body of the uterus. (Figure courtesy: Athos Correia
Sampaio, Federal University of Bahia)

Didelphic Uterus

e Morphological criteria (Fig. 8.6)

e There is no fusion between the two hemi-uteri

e Variations in appearance and clinical condition resulting
from duplication/patency of the vagina

MORPHOMETRIC CRITERIA:

There is no fusion between the
two hemi uterus.

Varations in appearance and
clinical condition resulting from
duplication/ patency of the
vagina.

Fig. 8.6 In this type of MDA, there is no corporal fusion between the
two primordial uteri. A greater difficulty in interpretation may arise in
cases where there is junction or fusion of the cervix, when it may
resemble a bicornuate uterus. This often occurs with vaginal septum or
duplication, which can trigger dysmenorrhea during the menstrual
period. (Figure courtesy: Athos Correia Sampaio, Federal University of
Bahia)
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Unicornuate Uterus

e Morphological criteria (Fig. 8.7)
e Agenisis of one of the hemi-uteri

Fig. 8.7 Unicornuate uterus.

a b
(Figure courtesy: Athos
Correia Sampaio, Federal
University of Bahia)

d

e Incomplete fusion of the hypoplasic horn:
— Without functioning endometrium
— With functioning but non-communicating endometrium
— With functioning and communicating endometrium

MORPHOMETRIC CRITERIA:

a. Agenisis of one of the hemi
uterus.

Incomplete fusion of the
hypoplasic horn:

b. without funtioning
endometrium.

c. with functioning but non-
communicating endometrium.
d. with functioning and
communicating endometrium.
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Mayer-Rokitanski Syndrome

e Morphological criteria (Fig. 8.8)

e Agenisis or hypoplasia of both Miillerian ducts

* Agenisis or hypoplasia of the superior two-thirds of the
vagina

e Ovaries with preserved dimensions and functionality,
ensuring female sexual features

MORPHOMETRIC CRITERIA:

+ Agenisis or hypoplasia of
both Mullerian ducts.

» Agenisis or hypoplasia of the
superior 2/3 of the vagina.

» Ovaries with preserved
dimensions and functionality,
ensuring female sexual
features.

Fig. 8.8 Mayer-Rokitanski syndrome. (Figure courtesy: Athos Correia
Sampaio, Federal University of Bahia)

Ultrasound and MR Images of Uterine
Anatomy

3-D Ultrasound

The images obtained from ultrasound are produced by
echoes formed by the interaction between the beams emitted
by the transducers and the organs being studied. The greater
the number of echoes produced, the whiter or clearer the
structure appears in the images. Taking the quantity of echoes
produced by the myometrium as a base, the echogenicity of
all other uterine structures can be divided in the following
way (Figs. 8.9, 8.10, and 8.11):

e Hyperechogenic produces a higher number of echoes than
the myometrium

* Isoechogenic produces the same echo as the myometrium

* Hypoechogenic produces a lower number of echoes than
the myometrium

* Anechoic does not produce echoes, and allows sound
waves to pass through

Hypoechoic Hyperechoic

Anechoic

Isoechogenic

Fig. 8.9 Hypoechogenic: produces a lower number of echoes than the
myometrium
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Fig. 8.10 (a) Image of the uterus in the sagittal plane (or “lateral — matic form in image (d). The yellow arrows show thick and hyperecho-
view”) represented in schematic form in image c). (b) Image of the genic endometrium (secretory phase)
uterus in the coronal plane (or “anterior view”) represented in sche-
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Fig. 8.11 Three-dimensional reconstruction of the uterus from
Fig. 8.7. Notice how both the external and internal fundal contours are
well defined. The echogenic endometrium facilitates the visualization
of the cavity contours, and thus makes the secretory phase the best time
in which to carry out the examination

Ultrasound in the Assessment of MDAs

e Carried out in the later stages of the menstrual cycle
(endometrium more echogenic)

e Duration 15-30 min

e 3-D>2-D

* Does not use ionizing radiation

e Limitations: assessment of rudimentary and non-
communicating uterine horns

Magnetic Resonance

MR images are obtained from signals emitted by hydrogen
protons after stimulation by way of radiofrequency pulses.
Two types of images can be acquired: T1 weighted images
and T2 weighted images. The latter are more widely used in
uterine malformations, and are characterized mainly by the
high-signal intensity emitted by structures containing liquid.
Regarding the myometrium, the structures can thereby be
classified in relation to its signal (Figs. 8.12, 8.13, and 8.14):

e Hypointense signal
e Hyperintense signal
* Isointense signal

SEQUENCE BASIC - T2

Low signal High signal Isosignal

Fig. 8.12 Various signal intensities in MRI. When the uterus is taken
as a reference, the structures can have a hyperintense, hypointense, or
isointense signal
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Fig. 8.13 T2 weighted images in the coronal and sagittal planes. The myometrium has an intermediate signal intensity on T2 weighted images
whereas the endometrium (end) has a high signal intensity. Gel was routinely used for vaginal distention (vg — yellow arrows)

Fig. 8.14 True coronal plane image of the uterus on T2 weighted. As
with 3-D US, the contour of the fundal and endometrial serous are well
defined
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MRI in MDA Assessment e Limitations:

* Any phase of the menstrual cycle — Claustrophobic patients

e Duration 30 min — Uncooperative patients

e EV contrast: not obligatory — Pacemakers

* Vaginal gel and antispasmodics: improve quality of exam — First trimester of pregnancy (Fig. 8.15)

* Does not use ionizing radiation

Fig.8.15 2-D coronal and axial ultrasound images of a patient with a  ine malformation is diagnosed but is not characterized. Up to this point
history of two miscarriages. In the coronal plane, a bifid of endometrial it is still not clear whether we are dealing with a septate, bicornuate, or
echo was detected (yellow arrows). In the sagittal plane, no abnormality  didelphic uterus

was identified. This is an example of a sub-optimal exam, where a uter-
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Clinical Cases

To review and fix the knowledge presented in the text, Fig.
8.12-8.40 represent illustrated clinical cases.

Fig.8.16 3-D US reconstruction. There is a clear symmetrical division
of the endometrial cavity by a wide-based partial septum. Repeating the
method used in the schematic graphics, we see the depth of myometrial
impression to the interior of the endometrial cavity. In the cases where
septoplasty is recommended, it is useful to provide the longitudinal

extension of the septum and the thickness of the fundal myometrium
that remains after the removal of the septum. When the thickness is less
than 0.5 cm, there is a greater chance of uterine rupture during gestation
[14] (Courtesy of Dr. Renata Cechin, Portuguese Charity Hospital of
Sao Paulo)
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UTERO ENDOMETRID
a

Fig. 8.17 A case similar to the previous, where no abnormality was
identified in the sagittal plane (a). In the coronal slice of the uterus (b),
a bifid of endometrial echo and a certain degree of divergence are noted.
It was not possible however, to distinguish between a bicornuate, didel-
phic and septate uterus

Fig.8.18 3-D reconstruction showing fusion of the lateral walls of the cervix (yellow arrows), without fusion of the body, and with cornual diver-
gence. The uterus was classified as bicollis bicornuate uterus
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Fig.8.19 Example of a unicollis bicornuate uterus. Notice how there is fusion of the cervix but not of the fundal portion, where the horns diverge.
The fundal summit is located below the interostial line (yellow arrow), characterizing the existence of a fusion disorder.

Fig.8.20 Patient underwent routine exam. Unlike the examples shown in Figs. 8.12 and 8.14, there is no bifid of endometrial echo; in this patient
it has a trilaminal aspect (yellow arrows) (Courtesy of Dr. Renata Cechin, Portuguese Charity Hospital of Sao Paulo)
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Fig.8.21 3-D US of the same patient as in the previous figure. The uterus presents an arcuate aspect, a type of benign malformation with regards
to the patient’s reproductive life [6] (yellow arrows: interostial line)
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Fig. 8.22 Hysterosalpingography in the assessment of the uterine
tubes of a patient with repeated miscarriages. From this image alone, it
is not possible to acertain whether the uterus is didelphic, bicornuate, or
septate

Fig. 8.23 MRI of the same patient. Images (a-c) are successive slices
of the uterus, where the yellow arrows show a wide-based septation (a),
extending to the endometrial cavity (b) of the endocervix (c), and
reaching the superior third of the vagina (d). This is a septate uterus,
with the superior portion of the septum (a) presenting muscular compo-

nent with isointense signal in relation to the myometrium, and the
remaining portions showing a fibrous tissue of low- signal intensity on
T2 weighted images. The vaginal septum is found in up to 23% of sep-
tate uteri [4]. The asterisks indicate diverse leiomyomas dispersed
throughout the myometrium



114 L.R. Torres et al.

=

“ v

Fig. 8.24 A 19-year-old patient presenting primary amenorrhea and  the superior third of the vagina. In (b) the yellow arrow shows a uterine
short vagina. The yellow arrows in (a) show that on the midline of the  bud with its base directed toward the midline. The asterisks in (c,d) show
pelvic region there is adipose tissue in the topography of the uterus and  the ovaries. This is a case of Mayer-Rokitansky-Kuster-Hauser syndrome

Fig. 8.25 A similar case, of a patient presenting primary amenorrhea  cles can be characterized. This is called Morris syndrome. Although it
and short vagina. This patient also presents a filiform tissue with a simi-  is not included in Miillerian duct anomalies, it is the main differential
lar signal to the fat occupying the topography of the vagina and uterus  diagnosis for SMRKH

(yellow arrows in a). In the inguinal region, the presence of two testi-
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Fig. 8.26 A 40-year-old nulligravida patient. Sagittal transvaginal
ultrasound image. The yellow arrows demarcate the uterus, and the red
arrows the colon. There is dimensional disproportion of both, being that
the colon is larger than the uterus, forming a hypoplastic uterus

Fig. 8.27 (a) coronal image of the uterus. (b) the yellow arrow dem-
onstrates the interostial line; the red arrow demonstrates the depth of
the impression of the myometrium, configuring a septate uterus. (c)
Image of a segment of a loop in the sagittal plane. (d) yellow arrows
demonstrate asymmetric parietal thickening related to endometriosis.

Septate uterus with extensive focus of the endometriosis affecting the
sigmoid colon. A wide and partial septum can be seen emerging from
the internal fundal uterine margin. There is an association between
MDAs and endometrioses, especially in cases where there is an obstruc-
tion of the outflow



L.R. Torres et al.

Fig. 8.28 The presence of leiomyomas can make the interpretation of ~ gesting a septate uterus. The yellow arrows in image (b) show that this
exams difficult, representing one of the pitfalls, as in this case. In image  is a case of submucous leiomyoma totally projected into the endome-
(a), the red arrows show an impression on the fundal myometrium, sug- trial cavity
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Fig.8.29 Successive coronal sections of the uterus (a, b). The arrows ~ low-intensity signal on T2, extending to the internal ostia of the uterine

in (c¢) show a muscular component of the septum. The yellow arrows in  colon (red asterisks)
(d) show its more fibrous component, which has a filiform aspect and
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Fig. 8.30 (a, b) two successive images of the uterus in the true coronal plane. In (c¢), the yellow arrow demarcates the interostial line, an aspect
which according to the morphometrical criteria represents a bicornuate uterus. (d) the yellow arrows indicate the vaginal septum
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Fig.8.31 (a) T2 weighted image in the coronal plane; (b) Axial plane
image revealing a fundal indentation. The green asterisks of figure b
show a high signal intensity on T2 weighted images of the endometrium
(secretory phase) the yellow arrows in (¢) show a bifid of the endome-

trial cavities. Red asterisks demonstrate part of the sigmoid colon and
pelvic cyst. (d) Positioning of the interostial line (yellow arrow), There
is a fissure in the uterine fundus (red arrow), whose myometrium
merges near the cervix. This is a bicollis bicornuate uterus
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Fig. 8.32 (a) Coronal image showing the presence of two uterine located above the interostial line (shown in d). This is a partial septate
cavities with tissue of a signal intensity similar to that of the myome- uterus, with only a single colon. The septum in this case is composed of
trium interposing between the cavities (yellow arrows in ¢). (b) Unlike = muscular tissue, as with most uteri with partial septation [4]

the previous exam, as can be seen, the fundal summit is rectilinear and
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Fig. 8.33 T2 weighted axial images. The uterus has a fusiform and
elongated aspect, without the triangular piriformis configuration, form-
ing a unicornuate uterus. In these cases we aim to identify the round
ligaments (yellow arrows in images ¢, d). When there is complete
aplasia of one of the uterine horns, these ligaments emerge directly

from the ovary (asterisks in image d). In our case, an intermediate
signal intensity can be seen adjacent to the round ligament of the right
side. This is a non-communicating rudimentary horn with a non-viable
endometrium [15]
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Fig. 8.34 Tomography is not used in the assessment of uterine malfor-
mations due to the ionizing radiation and because it is a sub-optimal
examination since it cannot determine whether there are concommitant
vaginal and cervical alterations. Occasionally, however, some types of
MDAs can present conditions with acute abdominal pain, as in this
case. (a) Shows agenisis of the left kidney. In the pelvic region, an ellip-
tic fusiform uterine horn was identified on the left side (red arrow in b).
On the right side, there is an oval-shaped image with a hypodense cen-
ter (yellow arrow in b). The final diagnosis was a unicornuate uterus,

with a non-communicating cavitated right horn and a non-viable endo-
metrium. This painful condition is a result of distention of the non-
communicating horn, whose influx of endometrial content may occur in
the interior of the uterine cavity, causing endometriosis. It is one of the
few cases in which surgery is indicated in MDAs. At the time of diag-
nosis, it was not possible to differentiate between the unicornuate and
didelphic uterus (and their diverse variations), and there were no con-
commitant vaginal alterations. Vaginal septa are present in 25% of
bicornuate uteri and in 75% of septate uteri [4]
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Fig. 8.35 A 25-year-old patient with fever, abdominal pain and signs
of peritonitis. Presented to the emergency room where suprapubic and
trans-vaginal ultrasound exams were carried out initially. (a) Axial
image of a circumscribed hypoechogenic lesion of the mesogastric
region (yellow arrows); the intralesional content is thick (red asterisk).
(b) Suprapubic ultrasound revealing oval-shaped hypoechogenic lesion

BEXIGA
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located in the retropubic region (yellow arrows). Red asterisk: thick
intralesional content. (¢) Transvaginal ultrasound images: a thick and
echogenic content similar to that shown in the asterisks of figures a and
b filling part of the vaginal cavity (yellow arrows). (d) Bifid and diver-
gence of the endometrial cavity (yellow arrows). The patient underwent
a total abdominal computed tomography (CT)
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Fig.8.36 Axial CT images of the complete abdomen with intravenous
contrast. (a) Agenisis of the right kidney, with the left presenting vicari-
ous aspects and signs of pyelonephritis, characterized by the sparse
hypodense cuneiform areas in the parenchyma (red asterisks). (b) The
yellow asterisk corresponds to image (a) of Fig. 32 (mesogastric lesion).
(¢) Clear bifid and divergence between the uterine horns (yellow

arrows). (d) Distention of the vaginal cavity (red asterisk, correspond-
ing with images (b) and (c) of Fig. 8.32). The red arrows show one of
the compressed vaginal canals. The final diagnosis was Herlyn-Werner-
Wunderlich syndrome, which is characterized by the triad of a didel-
phic uterus, obstructed hemivagina, and unilateral renal agenisis
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Fig.8.37 T2 weighted coronal image of a 52-year-old patient present-  low-signal intensity on T2 weighted image. (b) Septate uterus, discov-
ing with increased abdominal volume. (a) Two volumous cystic forma-  ered by chance. The cystic formations were removed and diagnosed as
tions, one with a low-intermediate signal intensity and the other with  two volumous endometriomas
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Fig. 8.38 The asterisks in images (a—d) show the extension of the septum until the inferior third of the vagina, forming a complete septate uterus
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Fig.8.39 This case shows one of the variants of MRKH syndrome. (a)
The yellow arrows point to the inferior third of the vagina, which can be
identified in its entire extension. (b) Vagina in blind fundus, without the
uterine body. The uterus has a rudimentary aspect, with its cavity dis-
tended by liquid/hematic content (red asterisk). (¢,d) The yellow arrows
point to the round ligament. The red asterisk is located in the remaining

contralateral uterus. Surgery revealed a hypoplastic uterus, with ageni-
sis of the colon and foci of superficial endometriosis on the external
serous (not identified in exam). Diverse combinations can be found in
MRKH syndrome: normal uterus with vaginal agenisis, rudimentary
uterus with normal vagina, and agenisis of the body and colon with
normal vagina, among others [16]
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Fig. 8.40 A difficult case for classification of AFRS, identified in T2
weighted images. (a) Asterisks demarcate the two ovaries, which pres-
ent a multicystic aspect. (b) The red asterisks are located in solid nod-
ules with signal intensity similar to that of leiomyomas, which occupy
the greater part of the pelvic cavity. (c) Sagittal image showing agenisis

of the superior and middle third of the vagina, and absence of the ure-
thra (red asterisk) where the vagina is not identified. The patient
presents with amenorrhea and short vagina, with longitudinal diameter
4.0 cm (d) Left ovary (red asterisk) and round ligament (yellow arrow)
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Introduction

The knowledge of embryology and the anatomy of the
genitourinary system is essential for understanding the
anomalies and diseases of the male reproductive system.
The main causes of male infertility can be classified as con-
genital, acquired, infectious, or hormonal. The evaluation of
male infertility is based on history, physical examination,
and laboratory tests, with imaging an essential tool for diag-
nosing obstructive conditions.

Ultrasonography (US), computed tomography (CT),
and magnetic resonance imaging (MRI) can provide high-
resolution images of the genitourinary system, thereby enabling
a more accurate diagnosis and hence proper treatment.
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Male Reproduction

The conditions required for male fertility involve a repro-
ductive system formed by functional ectopic testes and
normal seminal passageways with no obstructions (epi-
didymis, vas deferens [VD], and urethra) alongside normal
accessory glands (prostate, seminal vesicles [SVs], and
bulbourethral glands).

* The testes are responsible for the synthesis of steroid hor-
mones, the production of mature sperm, and the develop-
ment and maintenance of secondary sexual characteristics
and libido.

e The maturation, transport, concentration, and storage of
sperm occur in the epididymis — a system of ductules that
emerges posteriorly from the testis.

e The VD is responsible for storing and transporting sperm
toward the urethra; moreover, it reabsorbs sperm that has
not yet been expelled. . . . Fig.9.1 Normal anatomy (Courtesy of Joao Paulo Kawaoka Matushita

¢ The SVs are glands responsible for secreting a thick, alka-  jypjor, AC Camargo-Cancer Center)
line liquid that blends with the sperm when passing
through the ejaculatory ducts and the urethra.

* The prostate secretes part of the semen that is expelled
through the urethra. Bulbourethral glands are responsible
for secreting the first part of the ejaculate and serve to
lubricate the reproductive tract (Fig. 9.1 Anatomy).
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Embryology and Anatomy
of the Genitourinary Tract

In the 5th week of gestation, the ureteric bud (metanephric
duct) becomes a branch of the Wolffian duct, next to its entry
in the cloaca, which joins the metanephric blastema and
becomes the primitive kidney at about the 6th week of gesta-
tion. Between the 6th and 7th weeks, the embryonic kidneys
ascend, while the ureter acquires a separate opening to the
bladder and migrates cranially [1].

In the 9th week of pregnancy, the kidneys are already as
present as they are in adulthood. This relative upswing is
basically due to the growth of the embryo’s body caudally
toward the kidneys, which take their retroperitoneal position
(Fig. 9.2 Normal development of kidney).

In the 5th week of pregnancy, the early stages of gonadal
development occurs alongside the differentiation of Leydig
cells, leading to the apoptotic degeneration of parameso-
nephric ducts (Miillerian ducts) and the maintenance of
Wolffian ducts in males. The two Miillerian ducts develop
and run caudally, meeting and fusing in the midline with the
growth of the urogenital sinus, eventually forming the pros-
tatic utricle [1].

At 8 weeks of gestation, the proximal portion of each meso-
nephric duct becomes twisted, forming the epididymis. The
remainder forms both the vas deferens and ejaculatory ducts.

The Wolffian ducts influence the development of the pros-
tatic ducts that emerge from three areas of the epithelium and
adjacent mesenchyme, in the portion of the urogenital sinus
to be the floor of the prostatic urethra. Each of these groups
is the source of each of the three zones of the prostate.

From the 12th week of pregnancy onward, seminal vesi-
cles emerge as lateral outgrowths of the caudal end of each
mesonephric duct. The seminal vesicles are located obliquely
above the prostate, between the bottom of the bladder and
the rectum; they drain into the ejaculatory ducts, which, in
turn, drain into the prostatic urethra [2].

The ejaculatory ducts are tubular, bilateral structures that
begin at the junction of the vas deferens and seminal vesicles
and pass through the prostate into the prostatic urethra in the
so-called verumontanum region [1].

Fig. 9.2 Normal development of urogenital organs. (a¢) Mesonephic
duct. (b) Ureteric. (¢) Bud ureteric. (d) Metanephricblastema (Courtesy
of Joao Paulo Kawaoka Matushita Junior, AC Camargo-Cancer Center)
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Imaging Methods

The understanding of normal imaging findings on suprapu-
bic or endorectal US, CT, and MRI is essential for under-
standing the obstructive causes of male infertility.

Ultrasonography (US)

US is easily accessible and is usually the first imaging study
used to evaluate the genitourinary system. It is an innocuous
method, with no ionizing radiation, and it enables dynamic
images. However, US is one of the most operator-dependent

imaging techniques. SVs are seen as symmetrical structures,
with regular contours, homogeneous and hypoechoic in
echotexture.

The vas deferens is seen as a slightly dilated tubular struc-
ture (ampulla) which can be seen medially to SVs. In oblique
images, SVs and the terminal portion of the vas deferens can
be seen together to form the ejaculatory duct [3].

The prostate gland at the base level shows more homoge-
neous echotexture and increased echogenicity than that of the
seminal vesicles. At the midline level of the prostatic base, we
often observe a hypoechoic, regular, and homogeneous area.
At the glandular apex level there is the so-called “peripheral
zone,” which shows homogeneous echotexture [3] (Fig. 9.3).

Fig. 9.3 Anatomy of the prostate, seminal vesicles, and vas deferens.
(a,b) Abdominal US. (¢,d) Transrectal US. Seminal vesicles (SVs) are
two homogeneous, hypoechoic ovals that extend laterally upward from
the bladder. Prostate is an elliptical, chestnut-shaped gland with smooth

margins and a homogeneous internal echo pattern. The distal portion of
the vas deferens is seen as a slightly dilated tubular structure (ampulla)
medial to the SVs
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Computed Tomography (CT) SVs are tubular, elongated, hypodense structures in a
“bowtie” format, with some thin septa that can be identi-

A CT scan (X-ray CT) is another imaging method that can aid  fied after intravenous contrast [4].The prostate is presented

in diagnosis, especially of genitourinary system abnormalities. as a hypodense image with homogeneous contrast uptake

The disadvantage of CT is, nevertheless, its ionizing radiation  (Fig. 9.4).

as well as the lack of contrast in neighboring structures.

Fig.9.4 Anatomy of the prostate, seminal vesicles and vas deferens. (a,b) Axial CT image. CT noninvasive modality, identifying calcifications,
soft tissue masses or cystic lesions, but radiation involved
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Magnetic Resonance Imaging (MRI)

Currently, MRI has emerged as a method with excellent
accuracy for the diagnosis of both acquired and congenital
lesions. MRI can assess the ejaculatory duct bilaterally, from
the junction of VD and SVs to the verumontanum.

SVs are seen as structures containing fluid, elongated
with thin septa and low-signal intensity on T1 weighted
images and high-signal intensity on T2-weighted images [4].
The intra-abdominal VD portions are seen as bilateral sym-
metric tubular structures with low-signal intensity on both
T1- and T2-weighted images.

The prostate on T2-weighted images shows homoge-
neous high signal intensities in the shape of a “crescent

moon” or horn on the axial plane. The prostatic capsule
defines the contour of the gland and is seen as a thin
hypointense line. The central, transitional, and periure-
thral zones are not clearly distinguished from each other
by MRI; as a result, they are jointly assessed and receive
the generic name of “internal gland” [5]. The normal
internal gland shows intermediate signal intensity on T2
and is often interspersed with hyperintense limited foci,
related to hyperplastic nodules of benign prostatic hyper-
plasia (BPH) in greater or smaller volume. This, in turn,
is delimited by the peripheral zone structure called “sur-
gical prostatic capsule,” which presents as a hypointense
thin layer on T2, with a well-limited aspect [2, 5, 6]
(Fig. 9.5).

Fig. 9.5 Anatomy of the prostate, seminal vesicles and vas deferens.
MRI modality of choice due to its soft tissue contrast and multi-planar
capabilities and no ionizing radiation. (a) Axial T2-weighted MR image
shows peripheral zone (PZ) of the prostate with homogeneous hyperiten-
sity, and the central zone (CZ) with hypointensity of the prostate capsule

(white arrow) and the surgical capsule (black arrow). (b) The vas defer-
ens is seen as a tubular structure medial to the seminal and displays low
T2 signal intensity. (¢) Axial T2-weighted MR image shows the normal
hyperintensity lobulated pattern of the seminal vesicles. (d) Axial
T2-weighted MR image shows the anatomy of the ejaculatory duct (ED)



9 Obstructive Disorders

137

Development Anomalies of Vas Deferens
and Seminal Vesicles

VD and SVs are urogenital subsidiary bodies, as described
above. The development of these organs is related to the uri-
nary system.

During embryogenesis, SVs or VD anomalies may be
associated with renal and/or ureteral anomalies. Due to their
anatomical location, SVs and VD may be involved in dis-
eases of adjacent organs, such as the prostate and rectum [5].

SVs are responsible for most of the ejaculate; thus, agen-
esis or hypoplasia may lead to changes in both the volume
and the quality of semen, which is, in some patients, a cause
of infertility. VD tubes act as passage tubes for sperm into
the ejaculatory ducts. They are also responsible for maintain-
ing the properties of the sperm on their way to the urethra.
Therefore, agenesis may, in some cases, cause changes in
seminal parameters, generating infertility.

Congenital Abnormalities
Congenital Changes: Seminal Vesicles

Clinical Manifestation

In general, changes in SVs are found incidentally during
imaging; in some cases, however, patients may present hem-
atospermia, recurrent infections, and infertility.

Unilateral Agenesis of the SVs

Unilateral agenesis of the SVs occurs when there is a
change in embryogenesis before the 7th week of preg-
nancy, when the ureteric bud originates from the meso-
nephric duct. It is usually associated with ipsilateral renal
agenesis (79% of cases) or other renal anomalies (12% of
cases), or even with normal kidney (9%) [1, 7-9] (Figs. 9.6
and 9.7).

Fig.9.6 Agenesis of the SV and of the kidney in a 32-year-old man with infertility. CT image in the coronal (a) and axial (b) shows left renal
agenesis (arrow) and ipsilateral absence of the SV (arrows)
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Fig.9.7 Agenesis of the SV and of the kidney in a 30-year-old man with infertility. CT image shows right renal agenesis (a) and absence of the
SV (b) ipsilateral (arrows). Coronal (¢) and axial (d) T2-weighted MR image shows again
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Bilateral Agenesis of the SVs regulator (CFTR), causing luminal blockage by thick
Bilateral agenesis of the SVs is associated with gene secretions. It is usually associated with bilateral agenesis of
mutations in the cystic fibrosis transmembrane conductance the VD and normal kidneys [1, 7-9] (Fig. 9.8).

Fig. 9.8 Agenesis of the SV and ED in a 26-year-old man with infertility. Axial (a) and coronal (b) T2-weighted MR image shows bilateral
absence of the SV (arrows). Axial (¢) T2-weighted MR image shows bilateral absence of the ED (arrows)
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Hypoplasia of the SVs may be associated with hypogonadism, cryptorchidism, and
Hypoplasia of the SVs refers to small congenital glands other congenital abnormalities of the genitourinary system,
detected as imaging findings with smaller and thin septa. It ~or be an isolated finding [1, 7-9] (Fig. 9.9)

Fig.9.9 Bilateral SV hypoplasia in a 31-year-old man with infertility. Axial (a) and coronal, (b) T2-weighted MR image shows a bilateral small
SV (arrows)
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Congenital Cysts in the SVs

A congenital cyst in the SVs is usually an incidental or iso-
lated finding. In a few cases, it is associated with ipsilateral
renal agenesis, ectasia of the seminal vesicle (SV), or anom-
alous insertion of the ureter, known as Zinner syndrome [1,
10, 11] (Figs. 9.10 and 9.11).
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The ectopic ureteral insertion in the SVs, vas deferens,
ejaculatory ducts, or even in the prostatic urethra, may occur
in some patients. Another finding is the association of cysts
in the SVs with autosomal-dominant polycystic kidney dis-
ease (ADPKD) [1 7, 11].

Fig. 9.10 Bilateral SV cysts in a 30-year-old man with infertility.
Axial (a) and coronal (¢) T2-weighted MR image shows bilateral SV
cysts (arrows). Axial (b) T1-weighted MR image obtained with fat

saturation shows again (arrows). Axial (d) gadolinium-enhanced T1
weighted MR image shows cysts periphery enhancement (arrows)
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Fig. 9.11 Zinner syndrome in 30-year-old man with infertility and
hematospermia. Axial (a) T2-weighted MR image shows right renal
agenesis (circle). Axial (b) T1 weighted MR image fat saturation. Note
the high signal intensity within the dilated ducts, probably due to high
proteinaceous/hemorrhagic content as a result of stasis (arrows).

Coronal (¢) T2-weighted MR image shows cystic dilatation of the semi-
nal vesicle on the right side and right-sided ectopic ureter opening into
the vas deferens inferiorly (arrows). Axial (d) T2-weighted MR image
shows dilated duct that is seen indenting the posterior wall of the uri-
nary bladder (arrow)
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Congenital Abnormalities

Vas Deferens Clinical Manifestations
Generally, anomalies of the vas deferens are incidentally
found during imaging. However, in a few cases, patients may
complain of pelvic pain and/or hematospermia and infertil-
ity. In other patients, there may be an association with cystic
fibrosis, which is considered the lightest genetic expression
of the disease.

Unilateral agenesis of the VD is rare, but can occur in
association with hypoplasia or agenesis of the Wolffian duct
derivatives as well as the epididymis and SVs [1].
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Contralateral or ipsilateral agenesis of the SVs was found
in 86% and 20% of patients with unilateral agenesis of the
VD, respectively. Renal agenesis was found in 11% of
patients with bilateral agenesis of the VD and 26% of patients
with unilateral agenesis of the VD [12] (Fig. 9.12).

Bilateral agenesis of the VD, according to Schlegel et al. [1,
71, is present in 45% of patients with bilateral agenesis of the
VD. Agenesis of the SVs and bilateral VD are often associated
with cystic fibrosis in about 99% of male patients [1, 7].

Fig.9.12 Agenesis of the SV and vas deferens (VD) in a 35-year-old
man with infertility and hematospermia. Axial (a) T2-weighted MR
image shows right absence of the SV and VD (arrows). Axial (b)
T1-weighted MR image shows high signal intensity within the left vas

deferens, probably due to high proteinaceous/hemorrhagic fluid content
as a result of stasis (arrow). Coronal (¢) T2-weighted MR image shows
dilated left VD and ED (arrows). Coronal (d) T2-weighted MR image.
Note midline utricular duct cyst (arrows)
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Inflammatory Changes in the Seminal Tract

Acute inflammation of the prostate, the SVs, and the seminal
tract sometimes develop into a chronic form. It is the most
common urogenital disease in men, usually associated with
urinary tract infections.

Some factors contributing to this situation are the decrease
in the immune potential of the population, resulting from
unfavorable environmental situations, tobacco and alcohol
abuse among men, and an increase in sexually transmitted
diseases [2]. Under normal conditions, the VD presents a
defense mechanism (oblique path, peristalsis, and ciliary
movements) to prevent the progression of bacteria to the
gonads. Seminal tract inflammations may cause changes in
semen, and in some cases there is an increase in leukocytes,
which may be associated with infertility.

Clinical Manifestations

In most of the cases, patients are asymptomatic, but may
show some systemic symptoms such as fever, chills, hema-

tospermia, recurrent urinary tract infections, or pelvic
pain, as well as some pain upon ejaculation. Digital rectal
examination (DRE) shows no changes in most cases.
Laboratory tests and serum hormone levels can also help
direct the diagnosis [2, 13]. Imaging tests help locate the
primary site of infection, thus enabling the appropriate
treatment.

Prostatitis

Prostatitis occur because of changes that result in increased
pressure during urination that generate vesicoureteral reflux
into the prostate gland, whether as a result of anatomical or
neurophysiological disorders. They are divided according
to the time of evolution and can be acute or chronic (with
symptoms persisting for 3 months or more). They are
divided into categories I to IV; asymptomatic inflammatory
prostatitis is the last category and it can be detected in
patients with infertility due to evidence of seminal inflam-
mation (Fig. 9.13).
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Fig.9.13 Prostatitis in a 30-year-old man with prostate-specific anti-  prostatitis. Axial (d) gadolinium-enhanced T1 weighted MR image
gen level of 5.0. Axial (a,c), coronal (b) T2-weighted MR image shows  shows diffuse enhancement
diffuse low-signal intensity in entire peripheral zone and SV due to
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Orchitis

Orchitis is characterized by inflammation of the testes. The
main cause is the association with the mumps virus
(Paramyxoviridae), but it may derive from an initial epididy-
mitis (orchiepididymitis). It can be acute or chronic, and
symptoms can persist for 6 weeks. It can also be viral, dis-

seminating via blood — or bacterial, resulting from epididy-
mal infection reaching the testicles [14].

In younger patients, orchitis may lead to acute scrotum
and testicular torsion and hence cause infertility. In patients
with mumps, which has an affinity for germinal epithelium,
evolution can determine testicular atrophy and infertility
(Fig. 9.14).

Fig. 9.14 Epididymo-orchitis and prostate abscess in a 29-year-old
man with hematospermia and lower urinary tract infection. US image
(a) the epididymis is enlarged, echogenicity is decreased, and its
echotexture is heterogeneous. US image (b) testicular focal involve-
ment, hypoechoic area and cyst in body of the epididymis. Coronal (b)

T2-weighted MR image shows the prostate currently more irregular and
enlarged (arrows). Axial (¢) contrast-enhanced fat-suppressed T1
weight MR image shows frank pockets of fluid collection confirming
the inflammatory nature of the process. (d) Similar changes are also
noted in the seminal vesicles (arrow)
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Epididymitis

Epididymitis is an inflammation of the epididymis. The
infection originates in the bladder, urethra, or prostate, and
bacteria travel via VD to the epididymis [14]. It can be acute

Fig.9.15 Epididymitis-orchitis in a 28-year-old man with acute right
scrotal pain. Axial (a) T2-weighted MR image shows heterogeneous
increased signal intensity of the right testis compared with the left

or chronic (when symptoms persist for more than 6 weeks).
In most cases, the infection may progress and reach the tes-
tis, causing orchiepididymitis. Its complications may cause
abscess formation, testicular atrophy and infarction, and
even, in more severe cases, infertility (Fig. 9.15).

(arrows). Axial (b) contrast-enhanced fat-suppressed T1 weight MR
image depicts diffuse increased enhancement of the right testis, epi-
didymis, and overlying subcutaneous tissues (arrows)
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Seminal Vesiculitis tract infections, which can develop into abscesses [1]. It can

also be acute or chronic. When chronic, it can lead to atrophy
Inflammatory processes in SVs are usually secondary to bac-  of the affected SV and, as a result, to infertility (Figs. 9.16
terial prostatitis, and in some cases, recurrence of urinary and 9.17).

Fig.9.16 Seminal vesiculitis in a 34-year-old man with hematospermia. Axial (a), coronal (b) T2-weighted MR image and axial, (¢) contrast-
enhanced fat-suppressed T1 weight MR image show diffuse wall thickening of the SVs (arrows)
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Fig.9.17 Seminal vesiculitis in a 30-year-old man with hematosper-  shows asymmetric dilation of the right SV, with focal areas of wall
mia. Axial (a), coronal (b) T2-weighted MR image and axial (¢) thickening (arrows). Axial (d) T1-weighted MR image high T1 signal
contrast-enhanced fat-suppressed T1 weight MR image through the SV throughout the right SV, consistent with hemorrhage (arrow)
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Obstruction of Ejaculatory Ducts vesicles whose changes originate from calculi, infectious, or
inflammatory processes [1, 7]. These diseases may cause

The obstruction of the ejaculatory ducts may be of congeni- alterations in seminal parameters and a complete obstruction

tal etiology, among which we highlight atresia of the ejacula- can cause azoospermia, and hence infertility (Figs. 9.18,

tory ducts and midline cysts. In some cases, such as 9.19, and 9.20).

postsurgical changes, it can be acquired, or from seminal

!

Fig.9.18 Calculi in a 30-year-old man with hematospermia. Axial (a) and coronal (b) T2-weighted MR image shows calculi in the right SV
(arrows)

Fig.9.19 Calculi in a 31-year-old man with hematospermia. Axial (a) and coronal (b) CT sections show calculi in the left SV (arrows). Axial (c¢)
and coronal (d) T2-weighted MR image shows again (arrows)
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Fig.9.19 (continued)

Fig.9.20 Calculi in a 29-year-old man with hematospermia. Axial (a) and coronal (b) T2-weighted MR image shows calculi in the right ED
(arrows)
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Prostatic Cysts

Cysts of the lower male genitourinary tract are uncommon,
often of questionable origin, and usually benign [15]. The
cysts are divided into two main groups: extraprostatic and
intraprostatic. Some diseases may mimic these types of
cysts: ureterocele, transurethral resection of the prostate, and
bladder diverticulum [16].

Clinical Manifestations

In some patients, prostatic cysts are asymptomatic.
Symptomatic patients may complain of recurrent urinary
tract infections, pelvic pain, urinary incontinence, epididy-
mitis, prostatitis, and hematospermia. In some patients,
prostatic cysts may be related to infertility due to the obstruc-
tion of the seminal tract.

Classification of Prostatic Cysts
Prostatic cysts are generally classified as median, parame-

dian, or lateral cysts, or even as intraprostatic periprostatic
cysts [17].

Intraprostatic Cysts

Intraprostatic cysts are median cysts, such as prostatic utricle
cysts and Miillerian duct cysts, which are located in the mid-
line behind the upper half of the prostatic urethra.

Prostatic Utricle Cysts

Prostatic utricle cysts are of endodermal origin, being con-
fined to the prostate due to partial regression of the Miillerian
ductduringembryonic development. Thereisacommunication
with the posterior urethra and the ejaculatory duct. They are
commonly found in males under the age of 20 and occur in
approximately 1-5% of the general population.

They are associated with abnormalities of the genitouri-
nary system, among which we highlight hypospadias, inter-
sex disorders, cryptorchidism, and ipsilateral renal agenesis
[18] (Figs. 9.21, 9.22, and 9.23)
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Fig.9.21 Prostatic utricle cyst in a 30-year-old man. Axial (a), coronal (b) T2-weighted MR images and axial (¢) contrast-enhanced fat-suppressed
T1-weight MR image show a midline high-signal-intensity prostatic utricle cyst
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Fig.9.22 Prostatic utricle cyst in a 30-year-old man with hematosper-  show up again, but as a high-signal-intensity prostatic cyst indicative of
mia. Transabdominal US (a,b) shows a small midline prostatic utricle hemorrhagic content
cyst anechoic at US. Axial (¢) and coronal (d) T2-weighted MR images
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Fig.9.23 Prostatic utricle cyst in a 33-year-old man. Axial (a), sagittal (b), coronal (¢) T2-weighted MR images and axial (d) contrast-enhanced
fat-suppressed T1-weight MR image show a midline high-signal intensity prostatic utricle cyst



156 D.D.D. Melquiades and L.K. Bittencourt

Miillerian Duct Cysts the prostate, and they do not communicate with the posterior
Miillerian duct cysts are of mesodermal origin and develop urethra or ejaculatory ducts [19] (Fig. 9.24).

from a focal fault and saccular focal dilatation of the meso- Paramedian cysts (cysts of the ejaculatory ducts).
nephric ducts. Peak incidence occurs between age 20 and 40 Paramedian cysts are situated laterally, near the midline,

[17]. They are teardrop-shaped structures that extend above and posterior.

Fig. 9.24 Prostatic Miillerian duct cyst in a 32-year-old man with image show a midline high-signal intensity prostatic cyst extending
lower urinary tract symptoms. Axial (a), coronal (b) T2-weighted MR  above the base of the prostate to the seminal vesicles
images, and axial (c¢) contrast-enhanced fat-suppressed T1-weight MR
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Ejaculatory Duct Cysts Lateral Cysts (Cystic Degeneration of Benign Prostatic
Ejaculatory duct cysts are caused by congenital or acquired Hyperplasia).
obstruction of the ejaculatory duct. Cyst aspiration may con- Lateral cysts are located far from the midline and may

tain calculi and, in some cases, pus or blood [2, 17] (Fig. 9.25).  involve any prostatic zone [5, 17] (Fig.9.26).

Fig.9.25 Ejaculatory duct cyst in a 30-year-old man with oligosper-  line high-signal-intensity oval lesion just lateral to the midline along the
mia. Axial (a), sagital (b) T2-weighted MR images, and axial (¢) course of the right ejaculatory duct just posterior to the bladder neck, a
contrast-enhanced fat-suppressed T1-weighted MR image show a mid-  finding that is a consistent with cyst
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Fig.9.26 BPH in a 32-year-old man with lower urinary tract symptoms. Axial (a), coronal (b) T2-weighted MR images and axial (c¢) contrast-
enhanced fat-suppressed T1-weight MR image show enlarged transitional zone with heterogeneous signal intensity, compatible with BPH
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Conclusion
Conjugal infertility can be defined as the inability of a cou-
ple to become pregnant after 1 year of trying (that is, having
frequent sexual intercourse without contraceptive methods
and well distributed throughout the menstrual cycle). Male
and female factors must be addressed together.
Ejaculation consists of sperm and secretions originale
in the testis, epidymis, vas deferens, ejaculatory duct,
seminal vesicles, prostate, prostatic urethra, penile urethra,
and membranous urethra. Pathological changes at any
point along the anatomical pathway can lead to infertility.
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Non-obstructive Diseases of the Testes

Osmar Cassio Saito

10

Clinical and Laboratory Findings:
An Overview

Many factors can be related to male infertility, such as an inher-
ited disorder, hormonal imbalance, varicocele around the tes-
ticle, or a condition that blocks the passage of sperm. Most men
with infertility do not notice symptoms other than the inability
to conceive a child, but signs and symptoms associated with
male infertility include reduced sexual desire, chromosomal or
hormonal abnormality, the absence of ejaculation or small vol-
umes of fluid ejaculated, and even erectile dysfunction [1-3].
Main causes of male infertility:

Sperm production
abnormalities

Chromosomal or genetic causes
Undescended testes
Infection

Testicle torsion
Varicocele

Radiation damage
Other unknown causes
Infection

Prostatic disease
Absence of vas deferens
Vasectomy

Blockage of sperm
ejaculate

Abnormal erections and
ejaculate

Retrograde or premature ejaculation
Absence of ejaculation

Erectile dysfunction

Spinal cord injury

Absence of intercourse

Prostatic surgery with damaged nerves
Specific medicines

Hormonal diseases Pituitary neoplasm
Congenital lack of leuteinizing hormone/
follicle-stimulating hormone

Androgenic steroid abuse
Sperm antibodies Vasectomy
Infection of epididymis

Unknown causes
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Semen Analysis

A laboratory analysis of semen determines the number of
sperm and discovers abnormalities in the (morphology) and
(motility) of the spermatozoids. The lab analysis of semen
can also detect signs or problems such as infections.

Spermatozoids counts can fluctuate significantly, so in
most cases, several semen analysis tests are done over a
period of 1 year. The low number of spermatozoids occurs
when the count is fewer than 15 million sperm per milliliter
of semen or a total sperm count of less than 39 million per
ejaculate [2, 3].

Hormone Testing

Testosterone is an androgenic hormone that is responsible
for the development of the external male genitalia and sec-
ondary sexual characteristics. Most of this important hor-
mone is secreted by the testicular Leydig cells and a minor
part of this hormone is secreted by the adrenal cortex. Normal
adult testosterone values range from 250 to 1100 ng/dL, with
levels dropping slowly after age 30 [1, 2].

Post-ejaculation Urinalysis

The presence of spermatozoids in urine can indicate that sperm
is going backward into the bladder instead of out of the penis
during ejaculation; this is called retrograde ejaculation [1].

Genetic Tests

Whenever the spermatozoids concentration is extremely low,
the cause of infertility can be genetic, and a specific blood
test can reveal subtle changes in the Y chromosome. Signs
of a genetic abnormality can be related to various congenital
or inherited syndromes [1, 3].
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Testicular Biopsy

This procedure involves removing samples from the testicle
with a needle. Whenever the results of testicular biopsy show
that sperm production is normal, the infertility is likely
caused by a blockage or another problem with sperm deliv-
ery; however, this sort of examination is not often used to
diagnose the cause of infertility [1, 3].

Scrotal Ultrasound

This examination uses high-frequency sound waves to pro-
duce anatomical images. A scrotal ultrasound can help detect
scrotal abnormalities such as varicocele, hypogonadism, post-
torsion, epididymal cysts, absent epididymis, and tumors.

Nonobstructive Diseases of the Testes
Varicocele

Varicocele is caused by a dilatation of the pampiniform
venous plexus and the internal spermatic vein. Clinically,
varicoceles present a palpable, soft scrotal mass. Sometimes
they are associated with moderate pain. Varicocele usually
decreases testicular function; it occurs in approximately

CORDAC ESPERM. ESQ

Fig. 10.1
maneuver

15-20% of all males and in 40% of infertile males. Ultrasound
examination is an excellent means of evaluating the pampini-
form venous plexus, and with color Doppler it is possible to
detect venous reflux during a Valsalva maneuver even in sub-
clinical varicoceles [4-6].

Ultrasound B-mode shows tortuous, tubular, anechoic
structures adjacent to the superior part of the testis and then
correspond to dilated veins of the pampiniform plexus with
calibers more than 2-3 mm during the Valsalva maneuver in
the orthostatic position. Color Doppler ultrasound shows
reflux into the pampiniform venous plexus and in the sper-
matic vein that increases during the Valsalva maneuver and
can also be classified [4-7] (Figs. 10.1, 10.2, 10.3, and 10.4).

Color Doppler Ultrasound Varicocele Grading

Grade Features

1 No dilated scrotal veins
Reflux in the spermatic cord veins (inguinal channel) during
Valsalva

2 Small dilated veins at upper pole of testis

Reflux only under Valsalva in the upright position
3 No enlarged veins in the supine position

Enlarged veins in the upright position

Reflux only under Valsalva

4 Enlarged veins even in the supine position
Reflux only under Valsalva
5 Dilated veins

Reflux without Valsalva maneuver

PLEXO PAMP ESQ VALSALVA ORTOST

Varicocele Grade 1. (a) No dilated intrascrotal veins. (b) Presence of reflux in the spermatic cord veins only during Valsalva
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TESTICULD ESQ [1L 2.81 cm

Fig.10.2 Varicocele Grade 2. (a) B-mode shows dilated veins in the upper pole of the testicle. (b) Color Doppler
vein during Valsalva

VARTCOCELE“ESIpweSAEVA™ ORTOSTASE
VARICOCELE ESQ. VALSALVA ORTOSTASE
ESTICULD,
SL15-4 | Genito Unnaryl TESTICULO, MI 1.3 Tib 0.0 - 3, Res/Med, M. b
B: T1540 mis, SC, SR3, Ros/Med/H, MUBOABIMed, G46%, FR24Hz, Z110%

Fig.10.3 Varicocele Grade 3. (a) B mode ultrasound shows enlarged veins in the upper pole and in front of the testicle only in standing position.
(b) Color Doppler shows reflux in the pampinform vein during Valsalva
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Fig. 10.4 Varicocele Grade 4. (a) B mode ultrasound shows enlarged veins in the upper pole and in front of the testicle even in the supine
position. (b) Color Doppler shows reflux in the pampinform vein during Valsalva
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Cryptorchidism

Cryptorchidism is the absence of one or both testes in the
scrotum. This is a common birth defect of the male genita-
lia [4]. About 30% of premature infant boys are born with at
least one undescended testis. When the testis is absent from
the normal scrotal position, it can be found along the retroper-
itoneal path of descent from below the kidney, to the inguinal
ring or in the inguinal channel. However, when testis is found

TESTICULO ESQ C INGUINAL ESQ 2 CM

TESTICULO DIR

outside that path, it is called ectopic, usually outside the
inguinal channel, located under the skin of the thigh, in the
perineum or in the femoral channel. Usually those testes are
undeveloped (hypoplastic) or severely abnormal (dysgenetic).

Usually, undescended testes are associated with reduced
fertility, increased risk of testicular seminomas, and psycho-
logical problems in adulthood. Besides that, undescended
testes are more susceptible to torsion and to inguinal hernias
[7-9] (Fig. 10.5).

TESTICULC DIREITO

Fig. 10.5 Cryptorchidism. (a) B mode ultrasound shows reduced testicle in the inguinal channel. (b) B mode ultrasound shows testicle in the
inguinal channel. (¢) Color Doppler ultrasound shows hypovascular testicle in the inguinal channel



10 Non-obstructive Diseases of the Testes

165

Hypogonadism

Hypogonadism is a condition in which the body does not
produce enough of the testosterone hormone. Clinically low
testosterone levels lead to the absence of secondary sex char-

TEST. DIR.

acteristics, infertility, muscle wasting, and many other abnor-
malities. Testicular, hypothalamic, or pituitary abnormalities
can cause low testosterone levels. Ultrasound examinations
show small homogeneous testicles and epididymis [4, 7, 9]
(Fig. 10.6).

TEST. DIR.

Fig.10.6 Adult hypogonadism. (a,b) B mode longitudinal and transverse scan shows a small, homogeneous testicle
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Obstructive Disorders

Congenital Bilateral Absence of the Vas
Deferens

Congenital absence of the vas deferens occurs when the
tube that carries spermatozoids from the testes (the vas def-
erens) fails to develop properly. Usually the testes develop
and their function is normal, but sperm cannot be trans-

TESTICULO DIR.

ported through the vas deferens. Men with this condition are
infertile. This condition has not been reported to affect sex-
ual performance. Clinically, these patients present with azo-
ospermia, and ultrasound findings include the total absence
or lack of part of the vas deferens, ectasia of rete testis
(anechoic tubular structures in mediastinum testes), tubular
ectasia of the epididymis (multiple cystic lesions in the
head), and increase in testicular volume (>13 cc) [1, 10]
(Fig. 10.7).

EPIDIDIMO CAB CORPO

ESQ.

Fig.10.7 Patient with azospermia due to vas deferens agenesia. (a) Increased homogeneous testicle volume. (b) Enlarged epidydimis and no vas

deferens was seen
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Epididymal Cysts

Epididymal cysts and spermatocele are a very common
finding, and when large they can block the upper epididy-
mis or efferent ductules. They are of lymphatic origin.
The cysts contain serous fluid, lymphocytes, spermatozoa,
and sometimes debris. They can manifest as a palpable

3ECA EFID DIR

3.8 mm

TESTICULO ESQ

mass. Up to one-third of patients can be asymptomatic.
The cysts can also be solitary.

Ultrasound cyst content is anechoic, with no internal
echoes and with posterior acoustic enhancement. While larger
cysts may contain septations and can displace the testis, this is
an important sign for differentiating cysts from hydrocele, as
the former does not envelopes the testis [4, 9, 11] (Fig. 10.8).

2.4 mm | Dist B

Fig.10.8 Cyst in the epididymis head. (a) B mode ultrasound shows septated cyst in the epididymis head. (b) B-mode ultrasound shows simple
cyst in the epididymis head. (¢) B mode ultrasound shows dilated rete testis
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Ejaculatory Duct Obstruction

Ejaculatory duct obstruction is a congenital or acquired con-
dition that is caused by the obstruction of one or both ejacu-
latory ducts. Usually both ejaculatory ducts are completely
obstructed. Basically, affected men are infertile due to asper-
mia or azospermia. They suffer from a very low volume of
semen that lacks the gel-like fluid of the seminal vesicles — or
they will suffer from no semen at all.

This obstruction is frequently caused by cysts located
on the ejaculatory ducts. Transrectal sonography plays a
critical role in the identification of ejaculatory duct
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obstruction. On ultrasound, normal ejaculatory ducts are
seen on transverse scans as small hypoechoic structures
within the central region of the prostate. In the sagittal
scan, they appear as linear structures coursing from semi-
nal vesicles into the urethra. In many patients with duct
obstruction, the ejaculatory ducts are not visible, but the
presence of cysts located posterior to prostatic urethra,
with or without dilatation of the seminal vesicle can sug-
gest this diagnosis. The differential diagnosis for prostatic
cysts includes utricle cysts, Miillerian cysts, prostatic
retention cysts, seminal vesicle cysts, and ejaculatory duct
cysts [1, 4, 10] (Fig. 10.9).

Fig.10.9 Ejaculatory duct obstruction. (a) Transrectal sagittal scan shows a cyst in the seminal vesicle. (b) Sagittal scan shows no vesicle in the

anatomic site (arrows)
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The Sella Turcica

11

Paulo Eduardo de Aguiar Kuriki

Anatomy Imaging

The sella turcica is a cavity located in the superior surface of
the sphenoid bone. The pituitary gland is located inside the
sella turcica and comprises three lobes: anterior, intermedi-
ate, and posterior. In humans, the intermediate lobe is a thin,
indistinct layer; as a result, it is often considered part of the
anterior lobe. The suprasellar cistern is located above it, and
the cavernous sinuses are paired laterally to the sella turcica.
At the top of the suprasellar cistern is the optic chiasm. The
pituitary stalk makes the connection between the hypothala-
mus and the posterior lobe [1]. A normal sella turcica anat-
omy is shown below (Fig. 11.1).

The dimensions of the pituitary gland may vary accord-
ing to age and gender, averaging 3-8 mm in height, 12 mm
in width, and 8 mm anteroposterior. It may increase in size
as a result of physiological hormones, mainly in girls and
pregnant women. At female puberty, it may measure 10 mm
in height; for boys, the normal height of a pituitary gland
can be up to 8 mm. During pregnancy, the pituitary gland
can show a more significant growth, measuring up to
12 mm, with the maximum height reached immediately
postpartum [2].

PE. de Aguiar Kuriki
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de Sao Paulo, Sao Paulo, SP, Brazil

e-mail: paulokuriki @ gmail.com
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The pituitary gland vascularization is provided mainly
from the hypophyseal portal venous system. Branches from
the internal carotid artery and the superior and inferior
hypophyseal arteries also exist. Because of this mixed com-
bination of arterial and venous supply, differential rates of
enhancement of the pituitary gland can be seen during
dynamic scans after bolus administration of an intravenous
contrast agent (Fig. 11.2).

Magnetic resonance imaging (MRI) is an excellent
method for studying the sella turcica [3]. The anterior and
posterior lobes of the pituitary gland can be distinguished.
Whereas the anterior lobe appears with signal intensities
similar to normal white matter in all sequences, the posterior
lobe shows hyperintensity on T1, making it very easy to be
identified even on non-contrast examinations. After the
administration of intravenous (IV) contrast, both anterior
and posterior lobes exhibit intense enhancement (Fig. 11.3).

The exception to this signal pattern is seen in newborns,
where the anterior lobe exhibits higher signal intensity on T1
images [4] (Fig. 11.4). This signal intensity usually lasts
until age 2 months and begins decreasing until the anterior
lobe shows hypointensity, just like in adults, sometime
between the 4th and 6th months.
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Fig.11.1 Normal anatomy is shown above. (a) Sagittal T1. (b) Coronal  Purple: pituitary stalk, Brown: suprasellar cistern, Green: internal
T2. Legend: Red arrow: pituitary anterior lobe (adenohypophysis), carotid arteries running inside the cavernous sinuses
Orange: pituitary posterior lobe (neurohypophysis), Blue: optic chiasm,
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Fig. 11.2 Microadenoma. TI1-weighted coronal images obtained gradual enhancement of the gland starting from its top part until it is
dynamically after the bolus injection of intravenous gadolinium (a—-d);  fully complete. Note a small area of hypoperfusion at the right blue
the time interval between each sequence is 20 s. It is possible to see the  arrow, corresponding to a nodule, that is better seen at the last sequence.
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Fig. 11.3 Normal neurohyposhisis anatomy. T1-weighted sagittal images pre- and post-contrast. The arrow points to the spontaneous bright
neurohypophysis, located at the sella turcica posteriorly. After the injection of IV gadolinium, the entire gland exhibits an intense enhancement

i

Fig.11.4 Normal anatomy of newborns. (a) T1 Sagittal pre-contrast. Anterior lobe showing hyperintensity on sagittal T1-weighted image. (b) T1
sagittal post-contrast injection. Normal enhancement of the anterior lobe as well as the pituitary stalk
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Imaging Techniques

The best modality used for evaluating the sella turcica is the
MRI. It generates images with high resolution, enabling a
proper identification of the sella turcica and the pituitary gland
and its parts, thus allowing the visualization of lesions [5].

Images are usually performed in two planes, coronal and
sagittal. The coronal plane is great for identifying the sella
turcica, pituitary gland, cavernous sinus, internal carotid
arteries, and the suprasellar cistern. Because of the typical
T1 hyperintensity, the sagittal plane is good for confirming
the location of the posterior lobe of the pituitary gland inside
the sella turcica. Some pituitary microadenomas can show
hyperintensity in T2 images, so a coronal T2 image is com-
monly included in all protocols.

The paramagnetic contrast-enhanced images can increase
the sensitivity for detecting small microadenomas. As ade-
nomas exhibit different contrast-enhancement rates,

dynamic images should be taken immediately after the
injection of the contrast medium [6]. The adenomas usually
show less enhancement than a normal gland around it dur-
ing the first seconds. As the image contrast begins to dissi-
pate, the visual difference between the adenoma and the rest
of the normal gland can disappear. As this time can vary
with different adenomas, this is the reason that dynamic
enhanced images obtained after the injection of the contrast
medium can increase the sensitivity for detecting microad-
enomas (Fig. 11.5).

Many services suggest scanning T1-weighted images in
coronal and sagittal planes. If no lesion is detected, the IV
contrast is injected and coronal dynamic T1-weighted images
are immediately obtained. After the dynamic images, con-
ventional T1-weighted spin-echo images are scanned.
A T2-weighted coronal sequence can be performed to evalu-
ate lesions at the suprasellar cistern, optic chiasm extrinsic
compressions, or hypothalamic lesion.
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Fig.11.5 Post-contrast dynamic acquisition. (a—d) Coronal T1 weighted images acquired dynamically after the injection of IV contrast. The same
microadenoma from this figure (blue arrow) shows less enhancement than the rest of the pituitary gland
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Congenital Abnormalities
Pituitary Gland Hypoplasia
Short stature and growth hormone failure are common indi-

cations for sella turcica evaluation. Many patients also have
anterior pituitary hormone deficiencies [7]. MRI can show

some of these findings: small sella turcica, small anterior
pituitary gland lobe, absence of T1-weighted hyperintensity
related to the neurohypophysis, absent or hypoplastic distal
pituitary stalk, and atopic neurohypophysis located close to
the proximal pituitary stalk (Fig. 11.6). Other midline malfor-
mations such as Chiari I malformation, optic nerve hypopla-
sia, and medial deviation of the carotid arteries can be present.

Fig.11.6 Pituitary gland hypoplasia. (a) Sagittal T1-weighted image pre-gadolinum and (b) post-gadolinium injection shows a small sella tur-
cica, with a small pituitary gland and the absence of the characteristic T1 bright spot related to the neurohypophysis
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“Empty Sella Turcica”

The term “empty sella turcica” refers to a pituitary gland
that is present but flattened, with the sella turcica filled with
CSF (Fig. 11.7). In some cases, the sella can become
enlarged due to CSF pulsation. This finding is usually inci-
dental, and has little or no clinical significance [8]. When

symptoms are present, patients can exhibit visual field loss,
CSF rhinorrhea or endocrine dysfunction. Other non-spe-
cific complaints such as headache, memory loss, or dizzi-
ness can be seen. In some cases, the above-mentioned
findings can be related to idiopathic intracranial hyperten-
sion (ITH), also known as benign intracranial hypertension
or pseudotumor cerebri.

Fig.11.7 Empty sella turcica. (a) Sagittal T1-weighted image showing
an enlarged sella turcica filled with cerebralspinal fluid (CSF). The
pituitary gland is flattened (arrow) against the floor. (b) A female
patient with idiopathic intracranial hypertension. Besides the empty

sella, the MRI shows a prominent subarachnoid space around the optic

nerves (posterior arrow) and flattening of the posterior sclera (anterior
arrow), characterizing papilloedema
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Tumors
Pituitary Microadenoma

The pituitary microadenomas represent 10—-15% of all intra-
cranial neoplasms and are the most common sella turcica
tumor. Almost all pituitary tumors are benign adenomas.
A nodule measuring up to 10 mm is called a microade-
noma, and when it is larger than 10 mm, it is considered
a macroadenoma [9]. Adenomas can still be classified as
functional or nonfunctional, depending on the presence or
absence of hormonal activity. Approximately 25% of all
adenomas will be nonfunctioning tumors, and 75% will
present clinical symptoms, depending on the kind of hor-
mone secreted. Usually, functional adenomas are discovered
early because of the signs and symptoms of hypersecretion
hormone. Some large tumors can also be discovered when
they cause dysfunction due to normal pituitary gland or chi-
asm compression.

Among functional tumors, 50% will be prolactinomas,
which secrete prolactin, leading to galactorrhea, amenorrhea,
infertility, loss of libido, and impotence. These symptoms can
be more discrete in men and postmenopausal women. After
prolactinomas, adenomas that produce growth hormone and
ACTH are the next most prevalent functional tumors.

While functional tumors can be detected early, non-
functional tumors can be discovered when compressing or
invading adjacent structures. They can lead to visual distur-
bance when compressing the optic chiasm, and headache due
to the third ventricle and hydrocephalus or cranial nerve
palsy and the cavernous sinus is invaded.

On MRI, the pituitary adenoma can show as a subtle
hypointensity lesion on T1-weighted images compared to a
normal gland signal. When old blood is present, the nodule

can appear hyperintense on T1. On T2 images, one-third to
one-half of microadenomas will be hyperintense (Fig. 11.8).
Most are isointense to normal gland. Other image findings
can be seen in microadenomas: unilateral contour deformi-
ties and contralateral deviation of the pituitary stalk.

In case small isointense adenomas cannot be detected on
non-enhanced images, the dynamic T1-weighted images can
be obtained just after the bolus injection of IV contrast.
Because of the different rate of enhancement between a nor-
mal gland and an adenoma, the latter will remain as a hypoin-
tense lesion surrounded by a normal enhancing gland
(Figs. 11.9 and 11.10).

Fig. 11.8 Microadenoma detected on non-enhanced images. (a)
Coronal T2-weighted image showing a hyperintense microadenoma
(arrow) at the right portion of the sella turcica.
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Fig.11.9 Microadenoma. (a) Coronal T1 — a subtle hypointense nod-  gland, making the diagnosis very easy. (¢) Coronal T1 located more
ule (arrow) is seen on the right side of the pituitary gland. (b) After the  posteriorly. It is possible to see a subtle pituitary stalk deviation to the
contrast injection, this small nodule takes less contrast than a normal left (arrow) caused by the right nodule described above
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Fig.11.10 Microadenoma. (a) Coronal T1 non-enhanced. It is possi- We can see the nodule exhibiting less enhancement than the rest of the
ble to identify a small remodeling of the pituitary fossa at the left. (b)  gland. (d) The same sequence as in (c¢), but after being windowed to
Coronal T2. The nodule is subtly hypointense in comparison to the nor-  allow a better contrast between the nodule and the rest of the normal
mal gland signal at the right. (¢) Coronal T1 post-gadolinium injection.  gland
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Pituitary Macroadenoma

Pituitary macroadenomas are usually non-functioning
tumors. For this reason, they can reach a significant volume
before becoming clinically detectable, due to the compres-
sion of surrounding structures [ 10]. In many cases, the tumor
can occupy the entire sella turcica, so a normal gland cannot
be visualized due to compression from the macroadenoma.
Another common feature is the size enlargement of the sella
turcica promoted by the slow growth of the tumor.

The macroadenoma can extend to the suprasellar cistern,
compressing the optic nerves, chiasm, and tracts. When the

tumor extends to the suprasellar cistern, passing through the
sellar diaphragm, the classic snowman configuration can
take place (Fig. 11.11).

Laterally, the invasion of the cavernous sinuses can be
seen. This invasion can be suggested when two-thirds or
more of the internal carotid artery is surrounded by the tumor
or when the tumor is seen between the lateral wall of the
cavernous sinus and the artery [11] (Fig.11.12).

Adenomas can be treated clinically or surgically. Along
with prolactine level reduction, in some cases it is possible to
see important tumor shrinkage (Fig. 11.13).

Fig.11.11
characteristic is the “neck” separating the intrasellar and suprasellar components of the tumor, giving the classic aspect of snowman appearance

Macroadenoma. T1 post-contrast injection showing a macroadenoma occupying the sella turcica and the suprasellar cistern. A typical
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Fig.11.12 Macroadenoma. (a) Coronal T1 demonstrates deformity of  teriorly and the nodule can be better depicted, including the extension
the right sellar floor. (b) Coronal T2 delineates a nodule located on the  to the cavernous sinus, laterally to the internal carotid artery. The pitu-
right side of the sella turcica involving part of the internal carotid artery. itary stalk is also dislocated to the left

(c¢) Coronal T1 contrast enhanced. The image is located two slices pos-
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Fig. 11.13 Macroadenoma follow-up. Coronal T1 post gadolinum the internal carotid artery. This is very suggestive of cavernous sinus
images. (a) Nodule located at the left is encasing at about half of the  invasion. (¢) One year after treatment using cabergoline, the nodule
internal carotid perimeter. It is not possible to confirm cavernous sinus  cannot be identified anymore

invasion. (b) After 1 year, the nodule enlarged, encasing two-thirds of
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Craniopharyngiomas

Craniopharyngiomas are nonfunctional tumors that can occur
in the area of the sella turcica, suprasellar cistern, or in the third
ventricle, being more common in the suprasellar cistern [12].
They have a bimodal age distribution, more than half in child-
hood and adolescence, with a peak of incidence among 5- to
10-year-olds. The second peak occurs around the sixth decade.

"

e T

Fig. 11.14  Craniopharyngioma. A 7-year-old boy presenting with
headache and visual loss. (a, b) Post-contrast CT sagittal and coronal
reformation. Suprasellar mass compressing the third ventricle, causing

The most common form of craniopharyngioma is the ada-
mantinomatous. Patients usually present this tumor during
the first two decades of life. The more frequent location is
the suprasellar cistern. Adamantinomatous craniopharyngi-
oma commonly presents itself as a solid-cystic tumor, with
calcifications. As CT is a very good method for evaluating
calcifications, it can improve the radiologist’s confidence
when a craniopharyngioma is suspected (Fig. 11.14).

hydrocephalus. There are calcifications at the lesion margins (arrow),
suggesting the diagnosis of craniopharyngioma
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Rathke Cleft Cyst structures or bleeding [14]. The MRI can be hyperintense in
T1- and T2-weighted images when the cyst contains mucoid

Rathke cleft cyst is a common incidental finding. Most are  fluid, making the craniopharyngioma as a differential diag-

small and asymptomatic, and 90% are located in the center nosis [10]. If it shows serous content, the signal will match

of the gland [13]. They can be symptomatic once they the CSF (Fig. 11.15).

become large enough, causing compression over adjacent

Fig. 11.15 Rathke cleft cyst. (a) Coronal T2 image showing a cystic ~ This cystic lesion is located posteriorly, between the anterior and poste-
hyperintense lesion. (b) Coronal T1 image, the cystic lesion exhibits  rior lobe and does not enhance
hypointense signal. (¢, d) Sagittal T1 pre- and post- contrast enhanced.
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Meningioma

Meningiomas are usually slow-growing tumors that can
determine extrinsic compression over optic nerves, chiasm
and tract, leading to a differential diagnosis of macroadeno-
mas [15]. Approximately 10% of meningiomas can occur in
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the parasellar region. A clear separation between the menin-
gioma and the pituitary gland can indicate that the tumor did
not originate from it (Fig. 11.16).

Frequently, meningiomas promote hyperostosis and cal-
cifications, and intensify intensely, often showing a thick
dural increase (the classic “dural tail sign”).

Fig. 11.16 Meningioma. (a, b) Coronal T2 images showing a mass
occupying the sella turcica and the suprasellar cistern. It involves the
supraclinoid segment of internal carotid arteries without invading the
cavernous sinuses (arrows) (a) and displaces upward both anterior cere-
bral arteries (arrows) (b). (¢) Coronal T1 weighted image shows the

different intensity of enhancement between the mass and the normal
pituitary gland inside the sella turcica. (d) Sagittal T1 post contrast IV
injection; the mass extends anteriorly to the planum sphenoidale, pro-
moting sphenoidal sinus hyperpneumatisation and characterizing the
pneumosinus dilatans that are commonly found in meningiomas
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Vascular Lesions

Aneurysms

Saccular aneurysms arising from internal carotid arteries can
simulate sellar tumors [16]. As endoscopic endonasal trans-
sphenoidal surgery can be disastrous, it is important to dif-

P.E. de Aguiar Kuriki

ferentiate between the two entities. MRI can demonstrate a
lack of signal on spin-echo images due to rapid bloodflow,
called “signal void.” The thrombus can show a hypersignal
on Tl-weighted images. Partially thrombosed aneurysms
can show signal void areas representing patent lumens than
can increase after administering IV contrast materials
(Fig. 11.17).

Fig.11.17 Aneurysm. (a) Coronal T2, a heterogeneous mass occupy-
ing the right part of the sella turcica, extending to the cavernous sinus
and cranial middle fossa. (b) Coronal T1 post-contrast. The left internal
carotid artery (arrow) is identifiable, whereas the right one is not. (c, d)

Sagittal T1 pre- and post-contrast IV injection shows that the mass has
some parts with spontaneous hypersignal and partial enhancement. This
particular example is a partially thrombosed parasellar aneurysm
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Apoplexy and Sheehan’s Syndrome

As adenomas grow, they can lead to necrosis or hemorrhage
characterizing an acute degeneration. When this happens, it
is called apoplexy [17]. Many adenomas can exhibit apo-
plexy, although only 25% will be symptomatic. In most
cases, it will be seen as an enlarged sella turcica. The signal
can vary depending on the time of the hemorrhage, repre-

senting the normal breakdown or hemoglobin products
(Fig. 11.18).

During pregnancy, there is a normal pituitary gland
enlargement due to prolactin cell hyperplasia. Postpartum
complications, such as hemorrhage and shock, can lead to
postpartum pituitary necrosis, also known as Sheehan’s syn-
drome [18]. The MRI findings can be very similar, except for
the absence of sella turcica remodeling (Fig. 11.19).

Fig. 11.18 Late sub-acute hemorrhage. (a, ¢) Sagittal and coronal T1
pre-contrast. Hyperintense nodule occupying central and right portion
of the gland, compatible with methemoglobin. (b) T2 coronal.
Heterogeneous signal corresponding to intracellular methemoglobin

(hypointense) and extracellular methemoglobin (hyperintense) compo-
nents. (d) T1 Coronal post-gadolinium. The rest of the gland exhibits
normal enhancement
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Fig. 11.19 Sheehan’s syndrome. Acute hemorrhage. (a) Sagittal T1 ~ Only the the normal anterior lobe shows enhancement. (¢) T2 coronal.
pre-contrast. There is a subtle hyperintense hemorrhagic collection = The hemorrhagic collection presents as hypointense in T2-weighted
occupying the pituitary gland and extending to the suprasellar cistern, images, corresponding to intracellular deoxyhemoglobin

with liquid-liquid level. (b) Sagittal T1 after IV gadolinium injection.
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Adrenal gland diseases determine a wide range of effects,
depending on the type and extent of hormonal changes, the
age at onset, the amount of time without treatment, and, obvi-
ously, gender. For example, in females with congenital adrenal
hyperplasia (CAH), excessive androgen exposure in utero
leads to virilization of the external genitalia and urogenital
malformations [1]. In men, this condition may lead to the
development of testicular adrenal rest tumors (TART), with an
estimated prevalence of 21%, and it is suggested that gonadal
dysfunction may be already present before puberty [1].

Considering that most of the circulating testosterone in
women normally derives from adrenal precursors, disor-
ders that increase adrenal dehydroepiandrosterone sulfate
cause hyperandrogenemia, which can impair fertility [2].
This has a minor impact on circulating testosterone in men.
Another example of adrenal hormonal excess, hypercorti-
solism, may affect women’s fertility and, to a lesser extent,
men’s fertility when there is sufficient suppression of
gonadotropin production [2].

Congenital and acquired adrenal diseases that may lead to
infertility are presented in Table 12.1.

Congenital Adrenal Hyperplasia

Congenital adrenal hyperplasia is a group of autosomal
recessive disorders resulting from the deficiency of one of
the five enzymes required for the synthesis of cortisol in
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the adrenal cortex [3, 4]. Up to 95% of cases are related to
impaired steroidogenesis caused by 21-hydroxylase defi-
ciency (210H-CAH) [1, 5]. With the advent of cortisone
therapy in the 1960s and screening of newborns in the
1990s, most children with 210H-CAH now reach adult-
hood [3]. In adults with CAH, infertility is one of many
significant possible health problems alongside obesity,
short stature, neoplasia, and bone loss, leading to a reduced
quality of life [3].

Clinical manifestations of CAH depend mainly on
the phenotype that is ultimately related to variations in
concurrent adrenal hormonal deficiencies [4]. Classic
21-hydroxylase deficiency can have a concurrent defect in
aldosterone biosynthesis (salt-wasting type), and a form
with apparently normal aldosterone biosynthesis (simple
virilizing type) [4]. A mild, non-classic form of CAH may
occur and tends to be asymptomatic or associated with
signs of postnatal androgen excess [4]. Girls with classic
210H-CAH are exposed to high systemic levels of adrenal
androgens and will develop ambiguous genitalia, but these
complex sexual differentiation problems are not within the
scope of this chapter, nor is congenital hypoandrogenism
that causes sexual infantilism.
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Imaging Findings of Adrenals in CAH

As the “hyperplasia” term stands, a common imaging finding
in CAH is a diffuse enlargement of both adrenal glands,
while preserving their typical shape and heterogeneous post-
contrast enhancement on CT and MRI (Figs. 12.1, 12.2, and
12.3) [1, 6-14]. Interestingly, adrenal size is positively cor-
related with plasma concentration of dehydroepiandros-

terone sulphate [15]. However, it is very important to note
that an imaging finding of normal adrenal glands does not
exclude the possibility of CAH [16-18]. Also, imaging
appearance in CAH may have no difference from ACTH-
dependent Cushing’s syndrome (Figs. 12.4 and 12.5), in
which fertility is often impaired due to hypercortisolism
(Table 12.1).

Fig. 12.1 Adrenal hyperplasia. Diffuse enlargement of both adrenal glands, most evident on left adrenal (white arrows), on CT (a), and MRI
(b-e)
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Fig. 12.2 Adrenal hyperplasia. Diffuse enlargement of both adrenal glands on coronal T2-weighted MRI (a) and axial T1-weighted post-
gadolinium (b) images (white arrows)

Fig. 12.3 Adrenal hyperplasia. Accentuated diffuse enlargement of left adrenal gland showed on in-phase (a) and out-of-phase (b) axial
T1-weighted, as well as on post-gadolinium axial T1-weighted (c) and coronal T2-weighted (d) images (white arrows)
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Fig. 12.5 ACTH-dependent Cushing’s syndrome. Axial T2-weighted  glands (white arrow in ¢). After treatment follow-up with post-contrast
(a), out-of-phase T1-weighted (b), and post-gadolinium fat-suppressed  CT (d) image showing normal adrenal glands (white arrows)
T1-weighted (c) images showing diffuse enlargement of both adrenal
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Non-classical Congenital Adrenal Hyperplasia
in Females

Girls with any kind of 210H-CAH may develop reproductive
problems such as oligomenorrhea or amenorrhea in adoles-
cence [4, 5]. Other problems that can occur are vaginal insuf-
ficiency with dyspareunia, and secondary polycystic ovary
syndrome from adrenal-derived androgens [3]. The increased

Fig. 12.6 Two different cases of polycystic ovaries. Coronal (a, d),
sagittal (b) and axial (¢) T2-weighted images with enlargement of both
ovaries that present peripherally located small-size follicles, hypoin-

incidence of polycystic ovaries is a common finding in mild
CAH, but also in the classic form, and it may contribute to
infertility [5]. About 40% of patients with non-classic CAH
have polycystic ovaries (Fig. 12.6). Pregnancy rates of 50%
have been reported in untreated patients with non-classic
CAH compared with 93—100% after treatment, but these data
are mainly from studies with symptomatic women; thus, the
overall rate for all 21OH-CAH women may be lower [5].

tense central stroma, and thickened capsule (white arrows).

Endometrium in (c) is thickened as in the proliferative phase (white
arrows)
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Congenital Adrenal Hyperplasia in Males

Most men with CAH have no fertility-related problems, pre-
senting with normal sperm counts and being able to father
children. Nonetheless, a high incidence of testicular adrenal
rest tumors (TART) have been reported in men with CAH,
with a prevalence of up to 94% determined by ultrasound
(US) [19]. In males with salt-wasting CAH, TART may be
accompanied by deficient spermatogenesis [20, 21], and
medical treatment consists of pituitary suppression with
dexamethasone, since tumors are usually responsive to corti-
cotropin. Ultrasound findings include bilateral intratesticular
hypoechoic lobulated masses surrounding the mediastinal
testis (Fig. 12.7) [22]. TART are mainly hypo or avascular on
color Doppler ultrasound (CDUS) [23] and cause no course
deviation or changes in caliber of locoregional vessels [22,
23]. In some cases, TART may appear as heterogeneous or
hyperechoic nodules [22-26], which may represent fibrosis

or calcifications [23]. MRI may help differentiate testicular
mass lesions in selected cases where ultrasound findings are
not definitive, and TART appears as a relatively hypointense
lobulated mass on T2-weighted sequences located adjacent
to testicular mediastinum, as in ultrasound (Fig. 12.8) [27].
On follow-up, TART can vary in size [25], but the size seems
to have no correlation with hormonal control or hormonal
markers [21, 25, 28]. As TART may be responsible for
reduced fertility, occurring even in young children with a
prevalence of 21-24% [29, 30], and with data suggesting that
gonadal dysfunction is already present before puberty, the
early detection of testicular lesions is advised to improve
treatment and prevent longstanding gonadal impairment
function [29, 31]. Moreover, it is important to note that the
first major mechanism of impaired fertility in men with
210H-CAH is gonadotropin suppression from adrenal-
derived androgens, which causes testicular atrophy and
impairs spermatogenesis [3].

Fig. 12.7 Testicular adrenal rest tumors. Ultrasound of both testicles with ill-defined bilateral intratesticular hypoechoic lobulated masses sur-
rounding the mediastinal testis (white arrows)
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Fig.12.8 Testicular adrenal rest tumors. T2-weighted MR images of both testicles with lobulated hypointense intratesticular masses occupying
the testicular parenchyma (white arrows)



12 Adrenal Gland Diseases

203

Endogenous Cushing Syndrome

Cushing’s syndrome is categorized as an iatrogenic or an
endogenous condition. Endogenous Cushing’s syndrome is
further dichotomized as ACTH-dependent or ACTH-
independent. All patients with Cushing’s syndrome may be
infertile due to a gonadal axis blockade related to hypercor-
tisolism. However, adrenal imaging findings may vary
depending on the etiologies.

ACTH-dependent Cushing’s Syndrome

The ACTH-dependent Cushing’s syndrome has an abnormal
production of ACTH due to, in 80% of the cases, ACTH
oversecretion by a pituitary adenoma (Cushing’s syndrome)
and in 20% of the cases to ectopic ACTH secretion (neuroen-
docrine tumor of lung and pancreas, thymic tumors, and oth-
ers). Cushing’s syndrome is the most relevant form of
endogenous hypercortisolism that impairs reproduction, and
it is most frequent in women. Additionally, associated hyper-
androgenism, mainly dehydroepiandrosterone sulfate pro-
duction, is more commonly elevated in ACTH-dependent
forms of Cushing’s syndrome and may also contribute to
infertility. ACTH-dependent Cushing’s syndrome may pres-
ent bilateral enlargement of adrenal glands due to ACTH
stimulus, similarly to CAH (Figs. 12.4 and 12.5) or may have
no adrenal changes on imaging.

ACTH-independent Cushing’s Syndrome

Most of cases of ACTH-independent Cushing’s syndrome
are due to cortisol-secreting functioning adrenocortical
tumors. Less frequent etiologies are macronodular adrenal
hyperplasia (AIMAH) and primary pigmented nodular adre-
nocortical disease (PPNAD).

Adrenocortical Tumors

Overt Cushing’s syndrome due to adrenocortical tumor will
depend on tumor hormone secretion pattern. Thus, in pure
glucorticoid-secreting tumors, clinical features of Cushing’s
syndrome will be present with no hyperandrogenism signs
and symptoms. It is often due to small adenomas with
benign behavior. However, benign adrenocortical tumors
are most frequently diagnosed incidentally, when they are
termed “incidentalomas.” The prevalence of incidentalomas
is increasing, mainly due to the widespread and increasing
use of abdominal CT and MRI. Although incidentalomas

are mostly asymptomatic, they prompt evaluation by labo-
ratory hormonal tests to exclude oligosymptomatic adrenal
functioning conditions. Instead, functioning adrenocorti-
cal tumors are actively sought through CT and MRI exams
for diagnosis confirmation (lateralization), characterization
(benign vs. malignant), and pre-operative staging (invasion,
extension, distant metastases).

Adenomas are the most common adrenal masses. These
are benign neoplasms, usually small (<5 cm), solitary, and
well encapsulated. Typically, adrenal adenomas are
hypodense on CT without intravenous contrast. Classic
reported evidence shows that if the mean CT pre-contrast
attenuation coefficient of an adrenal mass is less than 10
Hounsfield Units (HU), a diagnosis of adrenal adenoma can
be made with high specificity (Fig. 12.9) due to lipid-rich
content [32, 33]. However, up to 30% of overall adrenal
adenomas are lipid-poor. Moreover, a recent report con-
cluded that the 10 HU unenhanced CT attenuation thresh-
old does not apply to cortisol-secreting adrenocortical
adenomas, showing that only about 20% of them were
lipid-rich, probably directly related to the oversecretion of
cortisol [34]. Post-contrast absolute and relative washout
evaluation techniques increase CT accuracy for adrenal
adenomas diagnosis. Reported sensitivity and specificity of
absolute washout for adenomas is 86% and 92%, respec-
tively, and sensitivity and specificity of relative washout is
82% and 92%, respectively, even for cortisol secreting,
lipid-poor adrenal adenomas [33-35]. The formulas to
obtain the absolute and relative washout, using 60-75 s
post-contrast phase and 15 min delayed post-contrast
phase, are: absolute washout = 100 x post-contrast phase
— delayed post-contrast phase/post-contrast phase — unen-
hanced phase and relative washout = 100 x post-contrast
phase — delayed post-contrast phase/post-contrast phase.
Absolute washout of 60% or higher, and relative washout
of 40% or higher, are consistent with adenoma.

On MRI, the most accurate method for adrenal adenoma
characterization is to demonstrate accentuated and homoge-
neous loss of signal intensity on out-of-phase images
(Fig. 12.10) [13]. Other findings are described for adrenal
adenoma characterization on MRI, as uniform enhancement
of the entire lesion on immediate post-gadolinium capillary-
phase images, which is reported in one series in 70% of cases
[36], and rapid washout of contrast on serial postgadolinium
images [37, 38]. MRI is described as a problem-solving
modality in cases of indeterminate adrenal masses on CT,
being able to characterize correctly up to 62% of adenomas
with attenuation coefficient greater than 10 HU on CT [13,
39], but only those up to 30 HU [40].

Adrenocortical carcinoma is a rare and aggressive malig-
nancy, with poor prognosis and bimodal age distribution,
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occurring in childhood and in the fourth to fifth decades
[13,41,42]. About 50% of these tumors are hyperfunction-
ing, with a predominantly androgen-secreting pattern and
often presentation of virilization, with or without concomi-
tant hypercortisolism. In this condition, gonadal blockage
due to hyperandrogenism is the main cause of infertil-
ity. In children, adrenocortical carcinoma is associated
with virilism, and it has a less aggressive natural history;
in adults, however, the tumor more commonly presents a
mixed Cushing-virilizing syndrome and has a poorer prog-
nosis [43]. Although CT and MR imaging findings help to
differentiate benign from malignant adrenal tumors, they
cannot differentiate functioning from non-functioning
tumors. Adrenocortical carcinomas are often large, hetero-
geneous, and relatively well-defined masses (Figs. 12.11,
12.12, and 12.13). They may have intracytoplasmic lipid
or fatty regions as well as foci of necrosis and hemorrhage.
Metastatic disease is frequently found at presentation and
the tumor may invade IVC.

Fig.12.9 Right adrenal adenoma. CT without IV contrast depicting an
elongated hypodense adrenal mass with attenuation coefficient of
—10.4 Hounsfield units

Fig.12.10 Right adrenal adenoma. Axial in-phase (a) and out-of-phase T1-weighted MR images and axial fat-suppressed T2-weighted (c) and
T1-weighted (d) images with accentuated and homogeneous loss of signal intensity on out-of-phase image (b, white arrow)
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Large and heterogeneous left adrenal mass with restricted diffusion
(high-signal intensity on (e) and low-signal intensity on( f), and hetero-
geneous enhancement on post-gadolinium images

Fig. 12.11 Adrenocortical carcinoma. Axial (a) and coronal recon-
struction (a) of CT without IV contrast and coronal (¢) and axial (a)
T2-weighted MR images with diffusion-weighted image (e), ADC map
(f), and pre-(g) and post-gadolinium (h—j) T1-weighted MR images.
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Fig.12.11 (continued)
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Fig. 12.12 Adrenocortical carcinoma. Coronal (a) and axial (C) (low-signal intensity on f), and heterogeneous enhancement on post-
T2-weighted and post-gadolinium T1-weighted (b) with axial pre-(d)  gadolinium images. Left kidney is compressed and dislocated inferiorly
and post-gadolinium (e) T1-weighted MR images, and ADC map (f). by the tumor

Large and heterogeneous left adrenal mass with restricted diffusion
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Fig. 12.13 Adrenocortical carcinoma. Coronal (a), axial (b) and sagittal (¢) T2-weighted MR images showing a large and homogeneous right
adrenal mass in a patient with hyperandrogenism (white arrows)
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ACTH-independent Macronodular Adrenal
Hyperplasia (AIMAH)

AIMAH is a rare cause of overt Cushing’s syndrome.
However, subclinical hypercortisolism is being more fre-
quently detected along with bilateral adrenal incidentalomas.

Characterized as the presence of bilateral adrenal nodules
more than 1 cm in diameter, capable of independent cortisol
secretion and suppression of pituitary ACTH, it usually
occurs in older patients (fifth and sixth decades) compared to
solitary adrenal tumors (Fig. 12.14) [44].

Fig. 12.14 ACTH-independent macronodular adrenal hyperplasia (AIMAH). Post-contrast CT images showing multinodular enlargement of
both adrenal glands (white arrows)
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Primary Pigmented Nodular Adrenocortical Carney complex, such as mixoma, and testicular, pituitary
Disease (PPNAD) and thyroid tumors [45]. About 75% of patients have some
PPNAD is also a rare condition that leads to endogenous abnormality detected on imaging — usually small, irregular,
hypercortisolism, but infertility is uncommonly present. It micronodular hyperplasia or a “beads-on-a-string” appear-
may occur sporadically, or be associated with tumors in ance (Fig. 12.15) [46].

Fig.12.15 Primary pigmented nodular adrenocortical disease (PPNAD). Axial (a) and post-gadolinium axial (b, d) and coronal (¢) T1-weighted
MR images. Adrenals showing a “beads-on-a-string” aspect with multiple small nodules (white arrows)
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Primary Adrenal Insufficiency

Primary adrenal insufficiency is characterized by adrenal
inability to produce cortisol, androgens, and aldosterone,
due to organ atrophy that is often secondary to an autoim-
mune disease (Fig. 12.16) or fungal infection (Figs. 12.17
and 12.18). Reduced fertility has been described not only
due to concomitant premature ovarian failure in polyglan-
dular autoimmune syndromes, but also by autoimmune thy-

roid disease and inappropriate treatment of adrenal
insufficiency [47]. Another rare cause of adrenal insuffi-
ciency is adrenoleukodystrophy, an X-linked metabolic dis-
order, which is a neurodegenerative condition characterized
by the accumulation of very long-chain fatty acids in tis-
sues such as the central nervous system, adrenal glands,
and testes. As the disease progresses, hypogonadism with a
decrease in testosterone levels may be present with conse-
quent impaired fertility.

Fig. 12.16 Primary adrenal insufficiency secondary to autoimmune disease. Axial (a) and coronal (b) post-gadolinium T1-weighted images
showing very small adrenal glands due to accentuated atrophy (white arrows)

Fig.12.17 Primary adrenal insufficiency due to fungal disease (paracoccidioidomycosis). Axial post-contrast CT with heterogeneously enhanced
bilateral adrenal masses (white arrows)
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Fig. 12.18 Primary adrenal insufficiency due to fungal disease (paracoccidioidomycosis). Axial post-contrast CT showing enlargement of both
adrenal glands (white arrows)
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