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Abstract

The pelvic floor constitutes the caudal border 
of the human’s visceral cavity. It is character-
ized by a complex morphology because differ-
ent functional systems join here. A clear 
understanding of the pelvic anatomy is crucial 
for the diagnosis of female pelvic diseases, for 
female pelvic surgery, as well as for funda-
mental mechanisms of urogenital dysfunction 
and treatment.

1  Introduction

The pelvic floor constitutes the caudal border of 
the human’s visceral cavity. It is characterized by 
a complex morphology because different func-
tional systems join here. A clear understanding of 
the pelvic anatomy is crucial for the diagnosis of 
female pelvic diseases, for female pelvic surgery, 
as well as for fundamental mechanisms of uro-
genital dysfunction and treatment.

Modern imaging techniques are used for the 
diagnosis of pelvic floor or sphincter disorders. 
Furthermore, they are employed to determine the 
extent of pelvic diseases and the staging of pelvic 
tumors. In order to be able to recognize the struc-
tures seen on CT and MRI as well as on dynamic 
MRI, a detailed knowledge of the relationship of 
the anatomical entities within the pelvic anatomy 
is required.

The Terminologia Anatomica (Federative 
Committee on Anatomical Terminology 1998) 

http://crossmark.crossref.org/dialog/?doi=10.1007/174_2017_52&domain=pdf
mailto:rektorat@i-med.ac.at
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contains a mixture of old and new terms describing 
the different structures of the pelvis. Throughout 
this chapter the actual anatomical terms are used 
and compared with clinical terms. Furthermore, 
they are defined and illustrated (see Table 1).

2  Morphological and Clinical 
Subdivision of the Female 
Pelvis

The anatomy of the female pelvis and perineum 
shows a lack of conceptual clarity. These regions 
are best understood when they are clearly 
described and subdivided according to functional 
and clinical requirements: The actual clinical 
subdivision discerns an anterior, a middle, and 
a posterior compartment. Whereas an anterior 
and posterior compartment may be found in the 
male as well as in the female, a middle compart-
ment can only be found in the latter. The term 
“compartment” is routinely used by radiologists 
and all surgeons operating on the pelvic floor. 
This term is not identical with the term “space.” 
According to former literature a lot of spaces 
are supposed to be arranged in the region of the 
pelvis: retrorectal, pararectal, rectoprostatic, rec-
tovaginal, retropubic, paravesical, etc. (Lierse 
1984; Pernkopf 1941; Waldeyer 1899). From the 
point of view of the surgeon, “spaces” are empty 
(Richter and Frick 1985). They are only filled 
with loose connective tissue and neither contain 
large vessels nor nerves. Some years ago, we 
already proposed dropping the term “space” and 
speaking of compartments instead, taking into 
account that a compartment may be filled by dif-
ferent tissue components (Fritsch 1994).

Within the following chapter we first present 
the posterior compartment and then the anterior 
one. This is in accordance with the viewpoint of 
the radiologists and with the course of the vessels 
and nerves. An “extra” middle compartment that 
is characteristic for the female is presented in 
detail at the end of this chapter.

What is our common knowledge about the 
borders of the different pelvic compartments and 
what do we know about their content?

2.1  Posterior Compartment

The borders of the posterior compartment are the 
skeletal elements of the sacrum and the coccyx 
dorsally. They are completed by the anococcy-
geal body (see Table 1) dorsocaudally and by the 
components of the levator ani muscle laterally 
and caudally (Fig. 1a). The rectovaginal fascia 
constitutes an incomplete border ventrocranially. 
The ventrocaudal border is composed of the peri-
neal body (see Table 1). The only organ of the 
posterior compartment is the anorectum (see 
Table 1) (Fig. 1a, b).

2.2  Anterior Compartment

The borders of the anterior compartment are the 
pubic symphysis ventrally, the components of the 
levator ani muscle laterally (Fig. 1b), and the 
perineal membrane (see Table 1) caudally. There 
is no distinct border between the anterior and 
middle compartment in the female. The contents 
of the anterior compartment are bladder and ure-
thra (Fig. 1b).

2.3  Middle Compartment

The borders are the components of the levator ani 
muscle laterally and the perineal body caudally 
(Fig. 1b). No distinct borders can be described 
ventrally, whereas the rectovaginal fascia/septum 
constitutes the dorsal border. The middle com-
partment contains the female genital organs that 
are arranged in a more or less coronal plane. In 
more detail the ovaries, uterine tubes, uterus, and 
vagina are situated in this compartment (Fig. 1a).

2.4  Perineal Body

The perineal body is part of the perineum. It is 
situated between the genital organs and the anus 
and may be considered as a central or meeting 
point because a number of different structures 
join here.

H. Fritsch
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3  Compartments

3.1  Posterior Compartment

3.1.1  Connective Tissue Structures
In macroscopic dissection of embalmed cadavers 
it is nearly impossible to distinguish subcompart-
ments within the connective tissue of the poste-
rior compartment. Our comparative study of 
adult and fetal pelves shows that two subcom-
partments can be distinguished within the poste-
rior compartment:

A small presacral subcompartment (see 
Table 1) is situated in front of the sacrum and 

coccyx. It is bordered by the caudal segments of 
the vertebral column dorsally and ventrolaterally, 
and it is clearly demarcated by the pelvic parietal 
fascia (see Table 1) (Fig. 2), which is called pre-
sacral fascia (see Table 1) at this position. In 
fetuses, the presacral subcompartment contains 
loose connective tissue, but it is predominated by 
large presacral veins.

The major part of the posterior pelvic com-
partment is filled by the anorectum and its 
accompanying tissues, constituting the perirec-
tal subcompartment (see Table 1). This perirec-
tal tissue is identical with the rectal adventitial 
tissue (Fritsch 1990; Fritsch et al. 2004) (see 

Fig. 1 (a) Female pelvic organs in a sagittal view. (b) Muscles of the pelvic floor

Clinical Anatomy of the Female Pelvis
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Table 1), which develops along the superior 
rectal vessels. In the adult, it mainly consists of 
adipose tissue subdivided by several connective 
tissue septa (Fig. 3a, b). Within this perirectal 
tissue the supplying structures of the rectum are 
enclosed: the superior rectal vessels, stems and 
branches, branches of the variable medial rectal 
vessels, rectal nerves and rectal lymphatics, 
vessels, and nerves. The localization of these 
lymphatic nodes is strikingly different from 

that of the other lymph nodes of the posterior 
compartment that are situated laterally in the 
neighborhood of the iliac vessels (Nobis 1988; 
Stelzner 1998).

The rectal adventitia develops from a layer of 
condensed mesenchymal tissue, which—later 
on—forms a dense connective tissue in fetuses 
(Fig. 3c). In the newborn child it is remodeled by 
small fat lobules occurring between the connec-
tive tissue lamellae. The outer lamella covers the 

a

b dc

Fig. 2 Presacral space (arrows). (a) Axial section 
(500 μm) of an adult. ×4. (b) Sagittal section (400 μm) of 
a 24-week-old female fetus. ×9. (c) Sagittal section 

(5 mm) of an adult female. ×0.45. (d) Midsagittal MR 
image of an adult female. r rectum

H. Fritsch
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perirectal subcompartment and is called “rectal 
fascia” (Fritsch 1990; Fritsch et al. 1996) or 
“Grenzlamelle” (Stelzner 1989, 1998) (see 
Table 1). It constitutes the morphological border 
of the perirectal subcompartment. The craniocau-
dal extent of the perirectal subcompartment 
depends on the branching pattern of the superior 
rectal vessels; thus the perirectal compartment is 
broad laterally and dorsally and it is often rather 
thin ventrally where it is only composed of some 
connective tissue lamellae. As can be seen in sag-
ittal sections the extent of the perirectal subcom-
partment decreases in size in a craniocaudal 
direction (Fig. 2c).

What is situated outside the rectal fascia and 
therefore outside the perirectal subcompartment? 
Dorsally, the presacral subcompartment is loosely 
attached to the perirectal compartment (see 
above). Laterally the supplying structures (auto-
nomic nerves and branches of the iliac vessels) of 
the urogenital organs constitute a nerve-vessel 
plate (Fig. 3c). The latter is accompanied by con-
nective tissue and fills the remaining space 
between the perirectal compartment and the lat-
eral pelvic wall. In the female, the nerves of the 
inferior hypogastric plexus (see Table 1) are 
attached to the uterosacral ligament (see Table 1) 
that is directly situated between the rectal fascia 

a b

c

Fig. 3 Perirectal tissue (asterisks). (a) Axial section (5 mm) of an adult female. ×0.45. (b) Axial MR image of an adult 
female. (c) Axial section (400 μm) of a 24-week old female fetus. ×5. nvp nerve vessel plate, r rectum

Clinical Anatomy of the Female Pelvis
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and the inferior hypogastric plexus (Fig. 3a, c) 
(Fritsch 1992).

The ventral border of the perirectal compart-
ment represents the border between posterior and 
middle compartment. It differs in a craniocaudal 
direction, i.e., to the peritoneum of the 
 rectouterine pouch at a level with the cervix uteri 
and the fornix vaginae and to the posterior wall of 
the vagina more caudally. As we have recently 
shown (Aigner et al. 2004; Fritsch et al. 2004; 
Ludwikowski et al. 2002) a two-layered recto-
vaginal fascia/septum (see Table 1) develops in 
the female and is identical to the male’s recto-
prostatic fascia/septum or Denonvilliers’ fascia 
(Tobin and Benjamin 1945). At a level with the 
anorectal flexure, additional bundles of longitudi-
nal smooth muscles are situated at the anterior 
rectal wall forming the muscular portion of the 
rectovaginal fascia ventrally (Fig. 4). The smooth 
muscle bundles are accompanied by nerves, some 
of them crossing the midline, and they are con-
nected to the smooth muscle layer of the rectal 
wall. Caudally these additional smooth muscle 
bundles are attached to the connective tissue of 
the perineal body (Fig. 4).

3.1.2  Muscles
Within the posterior pelvic compartment all com-
ponents of the levator ani muscle are to be found: 
the pubococcygeus muscles and the iliococcy-
geus muscles constitute an irregular plate and 
insert into the coccyx where they overlap each 
other in a staggered arrangement (Fig. 5). The 

inferior component, the puborectalis muscles, 
does not insert into any skeletal structure. Behind 
the rectal wall the fiber bundles of each puborec-
talis muscle crisscross, thus constituting a mus-
cular sling around the anorectal flexure (Fig. 6). 
In the craniocaudal direction the pubococcygeus 
muscle and the puborectalis muscle are more or 
less continuous. In sectional anatomy they can be 
differentiated by the different directions of their 
fiber bundles, those of the pubococcygeus taking 
a slightly descending course, and those of the 
puborectalis exclusively situated in the horizontal 
plane. The different components of the levator 
ani muscle can already be distinguished in early 
fetal life (Fritsch and Fröhlich 1994). Sexual dif-
ferences found in the levator ani muscle of the 
adult are already marked in late fetal life: the 
levator ani constitutes a thick and well-developed 
muscle in the male fetus whereas it is thinner and 
already intermingled with connective tissue in 
the female fetus (Fig. 6b). This is particularly 
true of its puborectalis portion.

The puborectalis muscle is continuous with 
the external anal sphincter caudally (Fig. 7). The 
macroscopic distinction between both muscles is 
provided by the anococcygeal body. The puborec-
talis has no skeletal attachment dorsally, but the 
deep portion of the sphincter ani externus is indi-
rectly fastened to the coccyx by the anococcygeal 
body.

The sphincter ani externus is the outer part of 
the anal sphincter complex (see Table 1). The 
other components are the smooth internal sphinc-
ter and the longitudinal muscle layer of the anorec-
tum; the latter is interposed between the sphincters. 
Whereas macroscopically the external anal sphinc-
ter presents itself as a continuous sheet covering 
the anal canal (Fig. 8a), it can be subdivided into a 
deep, anorectal portion and a superficial, subcuta-
neous portion in sectional anatomy (see Fig. 8b). 
This deep portion is a clearly demarcated layer of 
circularly arranged striated muscle fibers; the 
superficial portion is characterized by an intermin-
gling of the striated muscle fibers with the smooth 
longitudinal muscle (also called “intersphincteric 

Fig. 4 Rectovaginal fascia (arrows). Axial section 
(400 μm) of a 24-week-old female fetus. ×28. v vagina, r 
rectum

H. Fritsch
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a b

c

Fig. 5 Levator ani muscle (arrows). (a) Axial section 
(5 mm) of an adult female. ×0.6. (b) Parasagittal MR 
image of an adult female. (c) Sagittal section (5 mm) of an 

adult female. ×1.0. isc ischiococcygeal muscle, if ischio-
anal fossa, ilc iliococcygeal muscle, pc pubococcygeal 
muscle

Clinical Anatomy of the Female Pelvis
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a b

c

Fig. 6 Puborectalis muscle (arrows). (a) Axial section (5 mm) of an adult female. ×0.8. (b) Axial MR image of an adult 
female. (c) Axial section (400 μm) of a female newborn specimen. ×4. u urethra, v vagina, r rectum

H. Fritsch
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space”). The form of the external anal sphincter 
can be best studied in three-dimensional recon-
structions of histological or anatomical orthogonal 
sections (Fritsch et al. 2002): At an anorectal level 
above the perineum where the external anal 
sphincter is continuous with the puborectalis mus-
cle dorsally (Fig. 8c), it is missing in the midline 
ventrally, but it is thickened ventrolaterally where 
it becomes part of the anterior compartment in 
males and the middle compartment in females. At 
a level of the perineum the external anal sphincter 
is complete ventrally (see Fig. 15a), but it turns 
inwards and forms a muscular continuum with the 
smooth internal sphincter and the longitudinal 
muscle dorsally. As can be seen from the fetal sec-
tions, sexual differences in the anal sphincter com-
plex are already present prenatally: the sphincter 
complex as a whole is thicker in the male than in 
the female, and the anterior portion, however, is 
thick in the female and thinner and more elongated 
in the male.

3.1.3  Reinterpreted Anatomy 
and Clinical Relevance

The posterior compartment is predominated by 
the rectum and its surrounding connective tissue. 
The morphological demarcation of this compart-
ment is formed by the rectal fascia. In CT the rec-
tal fascia may be discriminated as a slightly 
hyperdense sheath (Grabbe et al. 1982; WEW 
and Tucker 1986) and in MRI it is visible as a 

thin, hypointense structure. It is important for the 
diagnosis and staging of rectal tumor (Beets-Tan 
et al. 2001; Brown et al. 2003; Heald 1995). 
According to our results the macroscopic borders 
of the perirectal compartment are clearly 
 demarcated in the adult female where the sacro-
uterine ligaments constitute the lateral borders 
and where the posterior border is marked by the 
pelvic parietal fascia. The perirectal adipose 
 tissue constitutes functional fat that adapts to the 
different filling volumes of the rectum and con-
stitutes a gliding sheath for the movements of 
that organ. In contrast to prior literature (Pernkopf 
1941; Richter 1998) we did not find any ligament 
or even ligamentous structures binding the rec-
tum to the lateral pelvic wall. Thus, there is nei-
ther a “rectal stalk” nor a dense “paraproctium.”

The most common surgically correctable 
cause of fecal incontinence in woman is child-
birth with injury of the sphincter. External 
sphincter injuries occur in 6–30% of women 
(Sultan et al. 1993). It should be differentiated 
between complete or incomplete sphincter dis-
ruptions. Our morphological investigation 
(Fritsch et al. 2002) supports the fact that the 
external anal sphincter is not a totally circular 
muscle. We have thoroughly described the parts 
of the sphincter complex, in order to help the pel-
vic radiologists and surgeons to identify these 
structures and, if possible, to reconstruct them in 
a meticulous way.

a b

Fig. 7 Computer-assisted reconstructions of a female 
fetus. (a) Oblique ventrolateral view. (b) Descending dor-
soventral view. v vagina, lm longitudinal muscular layer, 

pr puborectalis muscle, eas external anal sphincter, is 
internal sphincter, pbo pubic bone
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c

Fig. 8 Anal sphincter complex. (a) Macroscopic prepara-
tion of an adult female with anococcygeal body (aster-
isks). (b) Sagittal section (500 μm) of a 20-week-old 
female fetus with deep (arrows) and superficial (arrow-

heads) portion. ×10. (c) Axial section (5 mm) of an adult 
female, fusion of the external sphincter (arrow) and the 
puborectalis (arrowhead). ×0.6
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Rectoceles are hernial protrusions of the ante-
rior rectal wall and the posterior vaginal wall into 
the vagina and/or throughout the vaginal introi-
tus. The size of the rectocele does not correlate 
with symptoms and it is often diagnosed in a 
population without symptoms. Trauma or obstet-
rical injuries weaken the rectovaginal fascia/sep-
tum. Rectoceles occur with laxity of the 
connective tissue in advancing years, multiparity, 
poor bowel habits, perineal relaxation, and 
increased intra-abdominal pressure in constipa-
tion (Khubchandani et al. 1983; Zbar et al. 2003). 
In the successful repair of a rectocele the recto-
vaginal fascia/septum seems to be the key struc-
ture (Cundiff et al. 1998; Richardson 1993).

3.1.4  Important Vessels, Nerves, 
and Lymphatics of the Posterior 
Compartment

• Superior rectal artery
• Rectal nerves

• Rectal lymph nodes
• Inferior hypogastric plexus
• Superior hypogastric plexus
• Common iliac artery
• Internal iliac artery

(Veins have a corresponding course)

3.2  Anterior Compartment

3.2.1  Connective Tissue Structures
When dissecting along the lateral and ventral 
wall in embalmed cadavers, it is easy to isolate 
the bladder including the embedding tissues and 
all the adjacent structures. During dissection, no 
lateral stalks are found that might be responsible 
for the fixation of the bladder or the urethra. 
Ventrally a cord can be identified. It takes an 
ascending course from the pubic bone to the neck 
of the bladder and it is usually called the pubo-
vesical ligament (see Table 1) (Fig. 9a). It is 

a b

c

Fig. 9 Anterior compartment. (a) Macroscopic prepara-
tion of a 23-week-old female fetus with the pubovesical 
ligament (arrow) and the tendinous arch (arrowhead). ×9. 
(b) In an axial section (5 mm) of an adult female with the 

paravisceral fat pad (asterisks). ×. (c) Axial section 
(400 μm) of a 24-week-old female fetus with the develop-
ing paravisceral fat pad (asterisks). ×8. b bladder, u ure-
thra, pbo pubic bone, oi obturator internus muscle
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 connected to the tendinous arch of the pelvic fas-
cia (see Table 1). Together, both structures 
incompletely subdivide the retropubic region into 
a prevesical subcompartment and a preurethral 
subcompartment. From the comparative sectional 
study of fetal and adult pelves we learned the 
detailed composition of the connective tissue 
structures within the anterior compartment.

With the exception of its neck and its posterior 
wall the bladder is covered by adipose tissue 
(Fig. 9b). The latter constitutes a semicircular 
pad that fills the gap between the lateral pelvic 
wall and the ventral and lateral wall of the blad-
der. The fat pad is not subdivided by ligaments or 
any other dense connective tissue septa, but 
sometimes may be crossed by variable branches 
from the obturator vessels. It develops in situ 
(Fig. 9c) from a large paravisceral fat pad (see 
Table 1) in human fetuses (Fritsch and Kühnel 
1992) and neither contains large vessels, nerves, 
nor lymphatics. The latter derive from the inter-
nal iliac vessels and join the dorsolateral edge of 
the bladder. Their branches, which are always 
accompanied by a sheath of dense connective tis-
sue, embrace the bladder and urethra. Thus 
nerves, vessels, and lymphatics are directly situ-
ated at the lateral and dorsal wall of the bladder 
and medially to the fat pad. Ventrocranially, both 
fat pads join in the midline. Their dorsal edge 
nearly abuts at the perirectal compartment and 
their caudal border abuts the levator ani laterally 
and the pubovesical or puboprostatic ligament 
ventrally. Thus they are not part of the preurethral 
subcompartment that is filled by connective tis-
sue accompanying the deep dorsal vessels of the 
clitoris.

Within the anterior compartment two struc-
tures are found that are composed of dense con-
nective tissue: the tendinous arch of the pelvic 
fascia that originates from the pubic bone and 
that is connected to the pelvic parietal fascia cov-
ering the levator ani muscle on its visceral side 
(superior fascia of the pelvic diaphragm; see 
Table 1) and the semicircular fibrous sheath that 
covers the ventral and lateral wall of the bladder 
and the urethra. As the sheath is strong ventrally 
it can be considered as an incomplete ventral 
vesical or urethral fascia. Whereas the ventral 

vesical fascia has absolutely no fixation to the lat-
eral pelvic wall, at a level of the urogenital hiatus 
the ventral urethral fascia, but not the urethra 
(Ludwikowski et al. 2001), is attached to the fas-
cia of the levator ani muscle laterally (Fig. 10a). 
Thus, within the hiatus a fibrous bridge connects 
the fasciae of the levator ani muscles of both 
sides. To summarize: the fibrous structures of the 
anterior compartment build up a hammocklike 
(DeLancey 1994) construction for bladder and 
urethra. These findings can most clearly be 
shown in fetuses and are matching but not so evi-
dent in the adult. It is important to know that 
there is absolutely no kind of a lateral bony fixa-
tion for bladder or urethra. In a dorsocranial 
direction, the ventral fascia of bladder and ure-
thra is continuous with the connective tissue 
sheath of the internal iliac vessels. Ventrally, the 
hammocklike construction is indirectly fixed to 
the pubic bone by means of the tendinous arch 
and by the so-called pubovesical ligament 
(Fig. 10b–d). The latter is composed of choliner-
gic innervated smooth muscle cells (Wilson et al. 
1983) and is connected to the vesical neck crani-
ally (see above).

An additional fibrous structure can be found to 
close the hiatus ventrally: a plate of dense con-
nective tissue fills the space between pubic bone 
and urethral sphincter, thus constituting the peri-
neal membrane (Fig. 11a).

3.2.2  Muscles
The striated muscles of the anterior compartment 
are the ventral parts of the levator ani muscle (see 
Table 1), i.e., the pubococcygeus and puborecta-
lis muscle of each side. As they are covered by 
the superior fascia of the pelvic diaphragm, they 
are clearly separated by the adjacent organs 
(Fig. 10a, d and Fig. 11a) and the external ure-
thral sphincter. As has been reported previously 
(Ludwikowski et al. 2001), this muscle is horse-
shoe- or omega-shaped during fetal development 
and incompletely covers the urethra (Fig. 11). 
The dorsal ends of this muscle are connected by 
a plate of dense connective tissue that is small in 
the female where it is firmly attached to the ven-
tral wall of the vagina (Figs. 10d, 11a). Whereas 
most of the fibers of the external urethral  sphincter 
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a b

c d

Fig. 10 Anterior compartment and the so-called liga-
ments of the urethra. (a) Axial section (400 μm) of a 
24-week-old female fetus with the semicircular urethral 
sheath (arrows). ×12. (b) Sagittal section (500 μm) of a 
13- to 14-week-old female fetus with the pubovesical liga-
ment (white spots) and the origin of the tendinous arch 

(arrowhead). ×25. (c) Axial section (400 μm) of a 
17-week-old female fetus with the pubovesical ligaments 
(white spots). ×12. (d) Axial section (5 mm) of an adult 
female with the pubovesical ligaments (white spots). ×7.5. 
pbo pubic bone, u urethra, lam levator ani muscle

a b

Fig. 11 External urethral sphincter (asterisks). (a) Axial 
section (400 μm) of a 24-week-old female fetus, embed-
ded in the transverse perineal membrane. ×9. (b) 

Computer-assisted three-dimensional reconstruction of a 
female fetus. Pbo pubic bone, u urethra
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run semicircular, the most caudal fibers nearly 
run in a transverse plane. This portion predomi-
nates in the male and therefore has been consid-
ered as the male’s deep transverse perineal 
muscle. However, it does not exist in the female 
(Oelrich 1983).

As has been described above, smooth muscles 
are found outside the walls of the urogenital 
organs constituting parts of the pubovesical liga-
ment in front of the ventral wall of the urethra.

3.2.3  Reinterpreted Anatomy 
and Clinical Relevance

The extent of the fat pad described here is identi-
cal to the anterior portion of the paravisceral 
space as reported by Gasparri and Brizzi 
(Gasparri and Brizzi 1961). It is obvious that the 
main function of the semicircular, paravisceral 
fat pad is to constitute a gliding pad for the blad-
der (Kux and Fritsch 2000). The fat pad accom-
panies the bladder whenever moving.

Dorschner et al. (Dorschner et al. 2001) 
pointed out the fact that the smooth muscle bun-
dles of the pubovesical ligaments are continuous 
with longitudinal muscle fibers of the neck of the 
bladder that they call dilatator urethrae. Maybe 
again there is a similarity to the anorectum, where 
we also found smooth muscle bundles and auto-
nomic nerves outside the ventral wall, which we 
think work in functional coactivity to the longitu-
dinal internal bundles (Aigner et al. 2004). 
Nevertheless, it seems to be sure that the function 
of the so-called pubovesical ligaments which 
receive a presumptive cholinergic innervation 
(Wilson et al. 1983) is not fixing the urethra to the 
pubic bone but maintaining its position relative to 
the bone during micturition (Gosling 1999). In 
contrast the contraction of the levator ani muscle 
and the external urethral sphincter leads to a nar-
rowing of the preurethral space and to an ascend-
ing movement of the urethra as can be seen in 
dynamic MRI (Fielding et al. 1998; Sprenger 
et al. 2000).

Due to our results that in principle support the 
hammock hypothesis of DeLancey (DeLancey 
1994), an operative “refixation” of the urethra 
and the bladder neck should result in an ascend-
ing dorsocranial traction (nerve-guiding plate), 

as well as a descending ventrocaudal traction 
(tendinous arch of the pelvic fascia). Though 
there are innovative ideas regarding the surgical 
reconstruction of the female urinary tract 
(Ulmsten 2001), most procedures are not per-
formed according to the morphological needs, 
because they mostly consider only one part of the 
so-called fixation system.

3.2.4  Important Vessels, Nerves, 
and Lymphatics of the Anterior 
Compartment

• Inferior vesical artery
• Branches to the ureter
• Superior vesical artery
• Vesical lymph nodes
• Internal iliac lymph nodes
• Internal iliac artery
• Inferior hypogastric plexus
• Paravesical fat pad

(Veins have a corresponding course.)

3.3  Middle Compartment

3.3.1  Connective Tissue Structures
In macroscopic dissections of the adult female 
pelvis it is impossible to isolate ligaments fasten-
ing the cervix uteri or the vagina to the lateral pel-
vic wall and thus separating the middle 
compartment from the anterior or the posterior 
one laterally. In a refined macroscopic dissection 
performed with a binocular dissecting microscope 
it is possible—as well as in any other part of the 
pelvic subperitoneal tissue—to isolate connective 
tissue septa within the adipose tissue surrounding 
uterus and vagina (DeBlok 1982a, b). Our study 
of female fetal and adult pelvic sections reveals 
the true nature of the connective tissue structures 
surrounding uterus and vagina. The only connec-
tive tissue belonging to the middle compartment 
accompanies the vessels of uterus and vagina, 
thus running parallel to the lateral walls of these 
organs. In fetuses, the connective tissue is still 
loose, and without a differentiated structure, in the 
adult it mainly consists of adipose tissue with 
regular connective tissue septa (Fig. 12a–d) and it 
is continuous with the broad ligaments (see 
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Table 1) laterally. The paracervical connective tis-
sue abuts to the paravesical adipose tissue later-
ally and the paravaginal connective tissue abuts to 
the pelvic parietal fascia caudally (Fig. 12a, b). 
The broad ligaments themselves are part of the 
rectouterine and the vesicouterine folds (see 
Table 1) that tangentially cover the anterior and 
posterior uterine walls (Fritsch 1992). Apart from 
dense subperitoneal connective tissue that covers 
the rectouterine pouch (see Table 1) (Fig. 12e) 

and mainly consists of collagenous fibers, no sup-
portive ligaments are found for the female fetal 
uterus. In the adult, this condensation of subperi-
toneal connective tissue has developed to the 
uterosacral ligaments (see Table 1). They are vis-
ible in the transparent sections as well as on MRI 
and form semicircular cords varying in thickness 
individually. They originate from the lateral mar-
gin of the cervix uteri and the vaginal vault and 
course dorsocranially where they are connected to 

a b c

d e

Fig. 12 Paracervical and paravaginal tissue. (a) Axial 
section (400 μm) of a 24-week-old female fetus at a level 
with the rectouterine pouch covered by dense connective 
tissue (arrow). ×8. (b) Axial section (400 μm) of the same 
fetus at a level with the vagina embedded in loose para-
vaginal tissue. Vagina and urethra are intimately con-
nected. ×8. (c) Axial section (3 mm) of an adult female 

with the paracervical tissue. ×0.8. (d) Enlargement of an 
axial section (3 mm) of the same specimen with origin of 
the round ligament (asterisk) and the uterosacral ligament 
(arrowhead). ×3.5. (e) Enlargement of (a) with parallel 
oriented connective tissue fibers constituting the subperi-
toneal part of the uterosacral ligament. ×40. u urethra, cu 
cervix uteri, r rectum, v vagina
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the pelvic parietal fascia covering the sacrospi-
nous ligaments and the sacrum. As they are part 
of the rectouterine ligaments they cover the peri-
rectal tissue laterally. Our study undoubtedly con-
firmed the existence of the round ligaments as 
well as their course and their components. 
However, ligamentous structures constituting car-
dinal or transverse ligaments (see Table 1) (Kocks 
1880; Mackenrodt 1895) that are to be supposed 
to fasten the cervix uteri and the vaginal vault 
with the lateral pelvic wall cannot be found in the 
adult pelvis. Our findings that have been taken 
from anatomic sections of elder specimens unre-
strictedly correlate with the results of the MRI 
taken from young adult female pelves (Fig. 13).

Subperitoneally, the middle compartment and 
its organs abut the anterior compartment ven-
trally. This area is predominated by the dense 
connective tissue bridge intimately connecting 
the ventral vaginal wall with the dorsal urethral 
wall (Fig. 12b) (see also Sect. 3.2).

Dorsomedially, the middle compartment abuts 
the posterior compartment. The border between 
these compartments is demarcated by the recto-
vaginal fascia/septum (see also Sect. 3.1) that is 
composed of dense connective tissue, elastic 
fibers (Richardson 1993) and smooth muscle 
cells that belong to the longitudinal layer of the 
rectal wall.

The uterine tubes lie on each side of the uterus 
in the upper margin of the broad ligament (see 
Table 1; broad ligament). Each tube is attached 
on its inferior surface to a double fold of perito-
neum called mesosalpinx (see Table 1). The lat-
eral and superior part of the tube is the ampulla 
that opens into the funnel-shaped infundibulum 
with its fimbria at the abdominal orifice. The ova-
ries lie in the ovarian fossa, i.e., close to the lat-
eral pelvic wall, and are suspended by a double 
fold of peritoneum, the mesovarium (see Table 1). 
The latter is attached to the broad ligament 
 posteriorly. Behind the ovarian fossa are 

a b

Fig. 13 Subperitoneal connective tissue and nerve ves-
sel-guiding plate. (a) Coronal section (3 mm) of an adult 
female with pararectal and paracervical tissue. ×0.4. (b) 

Coronal MR image of an adult female with paravesical 
and paracervical tissue
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 extraperitoneal structures, especially the ureter 
and the internal iliac vessels as well as the origin 
of the uterine artery (Fig. 14).

3.3.2  Muscles
The middle compartment does not have any spe-
cific striated muscles. The lateral vaginal wall 
comes in close contact to the puborectalis portion 
of the levator ani muscle. Both structures are 
always separated by the superior fascia of this 
muscle (Fig. 6b).

3.3.3  Reinterpreted Anatomy 
and Clinical Relevance

Though there are a lot of anatomical and clinical 
terms describing the tissue surrounding uterus 
and vagina, neither their definitions nor their ori-
gins are clear. The mesometrium (see Table 1) for 
example may be considered to be the largest part 
of the broad ligament extending from the pelvic 
floor to the uterine body enclosing the uterine 
artery or the connective tissue lying directly 
beneath the peritoneal covering of the uterus. As 
has been reemphasized by Höckel et al. (Höckel 
et al. 2005) the knowledge of the possible extent 
of local tumor spread is essential for the planning 
of surgery and radiotherapy, especially in the 
female pelvis. Like the posterior compartment 
with its mesorectum, the “mesometrium” (see 

Table 1) has been redefined and was identified to 
be the anatomical territory derived from common 
precursor tissues. Thus a new operation tech-
nique was proposed to operate carcinoma of the 
uterine cervix (stages IB–IIA). It is termed total 
mesometrial resection and is identified as the 
morphogenetic unit for the cervix and the proxi-
mal vagina including its neurovasculature.

Surgical techniques for the fixation of uterus and 
vagina are numerous. They all depend on the idea 
that there are sheath-like condensations within the 
pelvic cavity that are commonly called fascia. 
Moreover, these fasciae are thought to be responsi-
ble for acting as supportive structures to the uterus 
and vagina and thus they need to be reconstructed 
during operation. We think this point is one of the 
most critical to be discussed in this chapter.

Our reinterpreted anatomy of the connective tis-
sue surrounding uterus and vagina is as follows:

• In accordance with former Anglo-American 
authors (Berglas and Rubin 1953; Koster 1933; 
Uhlenhuth and Nolley 1957) we do not find 
any visceral fascia covering uterus and vagina. 
Both organs are accompanied by adventitial 
connective tissue. The rectovaginal fascia/sep-
tum develops in situ (Ludwikowski et al. 2002) 
and is connected to the uterosacral ligaments, 
to the longitudinal muscular layer of the rec-
tum, and to the perineum (see Sects. 3.1 and 4).

• As has been clearly summarized by Bastian 
and Lassau (Bastian and Lassau 1982) various 
ligaments are supposed to exist in the pelvis of 
the adult female. Our results show that—apart 
from the uterosacral and the round liga-
ments—no ligaments of the uterus can be 
found in conventional anatomical specimens, 
sections, or by MRI. We showed, however, 
that the paracervical and paravaginal region 
contains adipose tissue, numerous vessels, 
nerves, and connective tissue septa. All 
together these components may be con-
founded with a ligamentous structure, espe-
cially in the older female. The connective 
tissue septa have carefully been described by 
new morphological approaches (DeBlok 
1982b; DeLancey 1996), but they have been 
over-interpreted as to their functional  meaning. 

Fig. 14 Axial section (400 μm) of a 24-week-old female 
fetus at a level with the ovarian fossa (arrow). ×4
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There is no doubt that some of these connec-
tive tissue septa are connected to the fascia of 
the levator ani muscle and the contraction of 
this muscle is directly transferred to the septa 
and thus also to the vagina. But due to their 
morphological characteristics they are not 
supposed to act as supportive structures.
Our results are still in disagreement with the 

classical descriptions found in clinical and ana-
tomical textbooks. We are aware of the fact that 
the variability of nomenclature is also mislead-
ing. But, nevertheless, the only fixation of the 
uterus is provided by the sacrouterine ligaments 
running in a dorsocranial direction. These liga-
ments are connected to the pelvic parietal fascia 
at a level with the sacrospinous ligaments, thus 
producing an upward traction for the whole 
uterovaginal complex.

There are various surgical procedures to recon-
struct the so-called supportive ligaments in patients 
with genital prolapse. Due to our morphological 
data, it is useful to carry out a sacral fixation of the 
uterovaginal complex in terms of prolapse 
(Niemen and Heinonen 2001; Thakar and Stanton 
2002), taking into account that the pudendal ves-
sels and the pudendal nerve are not injured during 
operation (Occelli et al. 2001). New techniques 
include meshes that are suggested to support all 
female pelvic organs (Berrocal et al. 2004). The 
results of these techniques seem to open the field 
of female hernia surgery.

3.3.4  Important Vessels, Nerves, 
and Lymphatics of the Middle 
Compartment

• Uterine artery
• Inferior hypogastric plexus (veins have a cor-

responding course)

4  Perineal Body

4.1  Connective Tissue Structures 
and Muscles in the Female

The perineal body separates the urogenital and 
anal hiatus. It is situated between rectum and 
vagina, i.e., between the posterior and middle 
compartments. Within the region of the perineal 

body the skin is firmly attached to the underlying 
connective tissue. The perineal body consists of 
dense connective tissue. It does not possess its 
own musculature, but it serves muscles of the 
perineal region to originate or to attach (Fig. 15a). 
Whereas the external anal sphincter is attached to 
it dorsally (Fig. 15a), the muscles of the cavern-
ous tissue are attached ventrally (Fig. 15b). A 
deep transverse perineal muscle that may be 
attached ventrally does not exist in the female 
(Oelrich 1983). As has already been pointed out 
above (see Sect. 3.1) the additional smooth rectal 
muscle bundles that are situated in the rectovagi-
nal fascia/septum are integrated and attached to 
the connective tissue of the perineal body 
(Fig. 15c). As the region of the female’s perineal 
body is of high clinical interest in terms of dam-
age during childbirth and/or episiotomies 
(Woodmann and Graney 2002), again it is 
described according to the gynecologist’s point 
of view, i.e., from outside (inferior) to the inside 
(superior): At a level below the orifice of the 
vagina the external anal sphincter is attached to 
the perineal body (Fig. 15a), whereas at a level 
with the orifice of the vagina and above the inter-
nal sphincter abuts the perineal body and thus 
indirectly the dorsal wall of the vagina (Fig. 15b). 
At these levels the external sphincter embraces 
the anal canal, the perineal body, and the dorsal 
wall of the vagina laterally.

The intralevatoric side of the perineal body is 
connected with connective tissue septa of the 
ischioanal fossa (DeBlok and DeJong 1980) that 
are also connected to the inferior fascia of the 
levator ani muscle (Janssen et al. 2001).

4.2  Reinterpreted Anatomy 
and Clinical Relevance

A detailed knowledge of the anatomy of the peri-
neal body has become of interest since transperi-
neal or even dynamic transperineal ultrasound 
(Beer-Gabel et al. 2002) has been carried out. 
With the help of these techniques, the infraleva-
toric viscera, the soft tissues, and the puborectalis 
can be viewed and defined.

For a long time there has been no doubt about 
the existence of the fibrous components of this 
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Fig. 15 Perineal body (arrows) and attached muscles. (a) 
Axial section (5 mm) of an adult female at a level with the 
anal cleft. ×2.2. (b) Axial section of the same specimen 
(a) at a level with the vaginal hiatus. ×1.2. (c) The sagittal 

plane pointing out the ventral anorectal wall (arrowheads) 
and the different muscle layers including the longitudinal 
muscle cells (asterisks). eas, external anal sphincter

region. However, defined in the actual 
Terminologia Anatomica (Federative Committee 
on Anatomical Terminology 1998), the perineal 
body should be a fibromuscular rather than a ten-
dinous structure. We categorically disagree with 

this opinion. The perineal body itself is a fibrous 
structure, but it is intermingled with all originat-
ing and inserting muscles. It has to be considered 
as a tendinous center for all the muscles that do 
not have a bony origin or attachment. There is no 
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Fig. 16 Scar (arrows) of an old perineal rupture in axial 
sections (4 mm) of an adult female. (a) At a level with the 
perineum. ×0.8. (b) At a level with the fusion of external 
anal sphincter and puborectalis muscle. ×0. (c) At a level 

with the rectal ampulla. ×0.8. r rectum, eas external anal 
sphincter, if ischioanal fossa, pr puborectalis muscle, v 
vagina
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doubt that it is an important region for absorbing 
part of the intrapelvic (intra-abdominal) pressure. 
A stretched or even destroyed perineal body may 
be the cause for urogenital or rectal prolapse 
(Zbar et al. 2003).

From a morphological as well as a functional 
point of view there is need for discussion as to 
how and whether a surgical approach through an 
intact perineal body should be performed.

The discussion of pelvic floor damage during 
vaginal delivery and/or after episiotomies has 
been kindled through the remarkable statistics of 
Sultan et al. (Sultan et al. 1993), who showed that 
episiotomies do not prevent tearing. We think 
that the indication for episiotomies should clearly 
be defined by an international committee and it 
should be restricted to special cases. Perineal 
damage may occur not only spontaneously but 
also iatrogenically through the execution of an 
episiotomy. It is not at all “old-fashioned” to pro-
tect the perineum during vaginal delivery by 
hands-on methods.

We recommend not carrying out median and 
lateral episiotomies and being careful with 
mediolateral ones: As can be seen from a patho-
logical specimen in Fig. 16, a perineal tear and/or 
a lateral episiotomy has led to a scar of the peri-
neal body and the external anal sphincter. The 
connective tissue septa of the ischioanal fossa are 
irregular (Fig. 16a). At the border between the 
infralevatoric and levatoric level, it becomes vis-
ible that the vaginal wall is slightly displaced, the 
puborectalis is rather thin, and the ischioanal 
fossa is not symmetric with the contralateral side 
(Fig. 16b), a diagnosis that still remains on supra-
levatoric levels (Fig. 16c). Refined and functional 
surgical treatment of perineal tears seems to be 
necessary to avoid such situations. As modern 
imaging techniques allow a fast and reliable 
examination, it is the gynecologists’ task to 
improve the surgical treatment.
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Abstract

Magnetic resonance imaging (MRI) and com- 
puted tomography (CT) are routinely used in 
female pelvis imaging. MRI is primarily use-
ful for locoregional characterization of benign 
and malignant diseases. CT is less accurate in 
locoregional evaluation, but remains useful in 
the follow-up of treated gynecological malig-
nancies, as well as in the setting of emergency 
and in the guidance of biopsies. Although 
transabdominal and transvaginal ultrasonog-
raphy (US) is not under the scope of this chap-
ter, it remains the first-line imaging method 
for most gynecological conditions.
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1  Introduction

Magnetic resonance imaging (MRI) and com-
puted tomography (CT) are routinely used in 
female pelvis imaging. MRI has a higher soft- 
tissue contrast and allows an accurate anatomic 
characterization of the pelvis as a whole, and a 
detailed depiction of the zonal anatomy. Thus, it is 
primarily useful for locoregional characterization 
of benign and malignant diseases. CT is less accu-
rate in locoregional evaluation, but remains useful 
in the follow-up of treated gynecological malig-
nancies, as well as in the setting of emergency 
(assessment of postsurgical complications and 
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pelvic infectious diseases) and in the guidance of 
biopsies. Although transabdominal and transvagi-
nal ultrasonography (US) is not under the scope 
of this chapter, it remains the first-line imaging 
method for most gynecological conditions.

This chapter aims to focus on some important, 
hands-on topics regarding MRI and CT tech-
niques, trying not to exhaustively develop issues 
with isolated historical interest.

2  Magnetic Resonance 
Imaging

2.1  Introduction

The introduction of modern phased-array coils 
with eight or more elements led to high signal-to- 
noise ratios (SNR) and consequently increased 
image quality. Additionally, pelvic examinations 
have become faster as turbo (TSE) and fast spin- 
echo (FSE) sequences have replaced conven-
tional spin-echo (SE) sequences. Most MRI 
examinations are now performed at 1.5 and 3 
Tesla (T) magnets. Despite significant improve-
ment on SNR with higher field strength, 3 T mag-
nets are more prone to magnetic susceptibility 
artifacts, which may be particularly prominent on 
diffusion-weighted imaging (DWI).

2.2  Patient Preparation 
and Positioning

Before performing an MR exam, the patient 
should be informed about its approximate dura-
tion as well as the necessity to use earplugs to 
protect against loud noises and to place a surface 
coil close to the skin. Moreover, all patients 
should be asked about contraindications and 
claustrophobia. Sedation may be required for 
those patients who would really benefit from the 
examination, but are unable to proceed due to 
claustrophobia. Any implanted device must be 
previously known and considered to be safe for 
the patient undergoing an MR procedure. 
Intrauterine devices (IUD) can be normally 

scanned, and usually appear as a hypointense lin-
ear structure within the endometrial cavity on 
both T2-weighted images (T2WI).

Finally, patients should also be informed 
about the utility of intravenous (IV) contrast and 
spasmolytic agent administration, as well as  their 
side effects (see next sections).

Whenever a pregnant woman is undergoing an 
MR exam, issues about the fetus development are 
raised. As a general rule, the risk-benefit ratio 
should be evaluated for every patient. Fetal dele-
terious effects have not been documented on 
1.5 T magnets. However, some experts still rec-
ommend avoiding the exam in the first trimester 
unless the potential benefits compensate the 
hypothetical risks. Since most of the studies were 
performed on 1.5 T scanners, far less is known 
about potential effects on 3 T (Masselli et al. 
2013; Ray et al. 2016).

Some authors advocate that patients should 
void about 1 h before the examination to 
ensure that the bladder is only moderately 
filled. A full bladder may hamper T2WI and 
give rise to motion artifacts due to patient 
discomfort.

A 4-h fast helps to reduce bowel peristalsis 
and is recommended in some centers when intra-
venous contrast administration is required. The 
administration of a fast-acting laxative enema to 
clean the bowel may also improve image 
quality.

It is uncommon to perform bowel preparation 
with diluted barium sulfate or other solutions as it 
increases preparation and imaging time and does 
not seem to bring significant advantages.

Vaginal tampon should be avoided. Vaginal 
opacification with ultrasound gel makes the eval-
uation of vaginal walls easy and may be recom-
mended when studying vagina tumors and deep 
endometriosis. Moreover, rectal and/or vaginal 
opacification with ultrasound gel may be useful 
in dynamic pelvic floor and deep endometriosis 
studies (Beddy et al. 2012; Sala et al. 2013; 
Bazot et al. 2016).

Female pelvis imaging is usually performed 
with patients in supine position with the arms 
placed by their side. The placement of a bolster 
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under the knees makes the examination more 
comfortable. Two important procedures are 
generally taken in order to decrease motion 
artifacts during abdominal and pelvic examina-
tions: the use of a belt covering phased-array 
body coils, which restricts respiratory excur-
sions, and the application of a spatial presatura-
tion slab in a sagittal scout view, which is 
particularly useful in sequences without breath-
hold, because of its ability to reduce artifacts 
from the movement of the anterior abdominal 
wall (Sala et al. 2013; Forstner et al. 2016; 
Froehlich et al. 2009).

2.2.1  Spasmolytic Medication
The administration of antispasmodic agents such 
as scopolamine N-butyl bromide (Buscopan®) or 
glucagon is indicated to reduce artifacts from 
small bowel and bladder motion. It is particu-
larly useful in the assessment of peritoneal 
implants on both morphological and functional 
sequences, especially on DWI. The administra-
tion of intravenous Buscopan® (20–40 mg) 
immediately before the examination is the most 
consensual option. Longer examinations may 
justify a second identical dose, because IV 
Buscopan® action only lasts about 15 min. 
Intramuscular (IM) administration (20 mg) has 
an increased length of action (approximately 
30–60 min). This anticholinergic drug should 
not be administered in patients who have demon-
strated prior hypersensitivity to scopolamine 
N-butyl bromide, as well as in those with myas-
thenia gravis, narrow- angle glaucoma, megaco-
lon, tachycardia, prostatic enlargement with 
urinary retention, paralytic ileus, or mechanical 
stenosis in the gastrointestinal tract. Data regard-
ing contraindications during pregnancy is scarce; 
therefore Buscopan® is not recommended. 
Common undesirable effects may be accommo-
dation disorders, tachycardia, dizziness, or dry 
mouth. If accommodation changes occur, 
patients should be advised not to drive.

When Buscopan® is contraindicated, gluca-
gon (1 mg) can be administrated intravenously 
(Beddy et al. 2012; Sala et al. 2013; Bazot et al. 
2016). In a study of Froehlich et al., glucagon 

had more reliable onset of action and induced 
longer bowel paralysis when compared to sco-
polamine N-butyl bromide. Glucagon is contra-
indicated in patients with known hypersensitivity 
to the substance, as well as in those with known 
pheochromocytoma (due to the risk of stimulat-
ing catecholamine release). In patients with a 
known insulinoma, glucagon should be adminis-
tered cautiously since its initial hyperglycemic 
effect may stimulate the release of insulin and 
cause subsequent hypoglycemia (Froehlich et al. 
2009).

2.3  Coils, Scan Planes, 
and General Protocols

Female pelvic MRI is generally performed with 
a phased-array body coil with at least four ele-
ments. The introduction of modern coils 
improved SNR and allowed parallel imaging, 
thus reducing scan time on T1W and T2W con-
ventional sequences. Intracavitary coils, either 
endovaginal or endorectal, have no current sci-
entific support (Sala et al. 2013; Allen et al. 
2014).

A general female pelvis protocol usually 
begins with a coronal localizer, which provides 
an anatomic overview of both lower abdomen 
and pelvis. It is helpful not only to guide pelvic 
sequences but also to exclude other conditions 
like hydronephrosis or renal malformations. Fast 
sequences like single-shot turbo or fast spin echo 
are generally used.

Specific protocols depend on the study target, 
but usually include an axial T1WI sequence and 
at least two T2WI sequences in different planes 
(Fig. 1). Dynamic contrast-enhanced magnetic 
resonance imaging (DCE-MRI) and DWI have 
become part of the standard imaging protocols 
for most of female pelvis MR examinations 
(Forstner et al. 2010, 2016; Allen et al. 2014; 
Sala et al. 2011).

Table 1 resumes a suitable general protocol 
for gynecological MRI. Specific parameters 
should always be adapted according to the mag-
net and coils available in each center.

MR and CT Techniques
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Fig. 1 Examples of different orientations on MRI in dis-
tinct patients. Axial T1W image of the pelvis (a). Axial 
T2W image through the pelvis showing the uterus with an 
endometrial carcinoma associated with a polyp (b). 
Oblique sagittal according to the uterine axis T2W image 
showing the normal uterine zonal anatomy and a cervical 
cancer (c). Oblique coronal according to the long axis of 

the uterus, parallel to the endometrial cavity (d). Axial 
oblique T2W image, perpendicular to the long axis of the 
cervix, for evaluation of parametrial invasion while stag-
ing a cervical cancer (e). Axial oblique TIW images after 
gadolinium with fat saturation, perpendicular to the long 
axis of the uterus, for local staging of an endometrial can-
cer (f)

a b

c
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f

d

e

Fig. 1 (continued)
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2.3.1  T1- and T2-Weighted Imaging
Typical SE T1WI is usually performed to assess 
spontaneous hyperintense content that may cor-
respond to fat or blood. Axial fat-saturated T1WI 
in the same plane and with the same thickness 
should be performed for their distinction. Some 
centers perform T1W in- and opposed-phase 
images, which allow the detection of intravoxel 
lipid within masses (manifesting as a signal loss 
on the opposed-phase images). If a short scan 

time is needed, gradient-echo (GRE) sequences 
may be applied; however anatomic detail will be 
decreased. Fat saturation may also be achieved 
by the Dixon method, a chemical shift-based 
technique that acquires both in- and opposed- 
phase images simultaneously, thus allowing 
mathematical combinations into fat-only and 
water-only sequences. It results in a more uni-
form suppression of the fat signal, and allows the 
detection and quantification of microscopic lipid 
(Allen et al. 2014).

Multiplanar high-resolution nonfat-saturated 
T2W sequences are the most relevant for the 
majority of female pelvic diseases, because of 
their ability to depict uterine and ovarian zonal 
anatomy and to provide good contrast between 
normal and pathological tissues. TSE or FSE 
sequences are typically used. A single 3D T2W 
sequence with later multiplanar postprocessing 
can alternatively be performed. Single-shot TSE 
sequences during breath-hold (HASTE) may be 
useful in the coronal plane to exclude hydrone-
phrosis or to assess renal malformations.

Fat-suppressed T2W sequences are not rou-
tinely used for female pelvic imaging. However, 
they may be helpful to identify intraperitoneal, 
extraperitoneal, and endoluminal fluid; enlarged 
lymph nodes; and bone changes (for example, in 
the setting of bone metastases or of edematous 
changes due to postradiotherapy insufficiency 
fractures). When compared to nonfat-suppressed 
T2WI, it also helps to assess for macroscopic 
lipid content (Allen et al. 2014).

2.3.2  Diffusion-Weighted Imaging
DWI is a functional MR technique that assesses 
the random movement or the Brownian motion of 
water molecules in different physical media. The 
diffusion properties of a biological tissue are 
related to the amount of interstitial free water and 
permeability, therefore reflecting tissue  cellularity 
and presence of intact cellular membranes. In 
general, high-cellularity tumors show restricted 
diffusion when compared to normal tissue, 
because of their higher cellular density. 
Coagulative necrosis, highly viscous fluid, and 

Table 1 Suitable general protocol for gynecological 
MRI at a 1.5 T magnet

  • 4–6 h of fasting
  •  Voiding and ingestion of two glasses of water 1 

to 2 h before the exam
  • Avoid the use of vaginal tampon
  • Vaginal opacification with ultrasound gel
    –  May be useful for vaginal tumors and deep 

endometriosis
  •  Rectal and/or vaginal opacification with 

ultrasound gel
    –  May be useful for dynamic pelvic floor 

studies and deep endometriosis
  •  Administration of a fast-acting laxative enema to 

clean the bowel, one on the day before the exam and 
another during the morning of the exam (optional)

  • Supine position
  •  Pelvic phased-array coils with at least four 

elements
  • Belt covering phased-array body coils
  • Anterior and superior saturation band
  • Antispasmodic agents:
    – Buscopan 20/40 mg IM/IV
    – Glucagon 1 mg IV

  • Matrix: 512 × 512
  •  Coronal localizer: single-shot turbo or fast 

spin-echo
  •  Morphological sequences: axial T1WI and at 

least two different planes on T2WI (or single 3D 
T2WI with posterior multiplanar post processing)

  •  DWI: field-of-view and thickness equal to T2WI 
(preferentially axial)

    – Pelvis (b values: 0, 600 and 1000 s/mm2)
    – Abdomen (b values: 0, 500 and 1000 s/mm2)
    – High b values may reach 1200–1400 s/mm2

  •  DCE-MRI: 2D or 3D fat-suppressed T1W GRE 
sequence

    –  Scan plane, region of interest, and 
acquisition timing depending on the 
specific target of the study

    –  Gadolinium standard dose: 0.1 mmol Gd/
kg body weigh
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abscesses may behave similarly. DWI is per-
formed using two or more b values (a measure of 
the gradient strength), including one or more low 
b values (0 or 50 s/mm2) and a high b value 
(1000 s/mm2 or higher). Apparent diffusion coef-
ficients (ADC) are mathematical transformations 
of b value acquisitions that represent the slope of 
the line of the natural logarithm of signal inten-
sity (y-axis) versus b values (x-axis). ADC maps 
are displayed parametrically as grayscale images. 
Suspicious areas with true water molecule move-
ment restriction appear bright at high b values 
and dark on the ADC map. High b value 
sequences and the ADC map should always be 
interpreted together with morphological 
sequences to avoid potential pitfalls. In order to 
facilitate this evaluation, fusion images between 
T2WI and DWI may be generated. However, they 
can be altered by patient motion and bladder dis-
tention during the examination, which may 
change the relative position of pelvic organs.

Whole-body diffusion-weighted MRI proto-
cols have been developed over the last years, 
mainly for cancer staging and follow-up. Short- 
time examinations are now possible on both 1.5- 
and 3-T magnets due to the evolution of 
echo-planar and parallel imaging, generation of 
high-performance gradients, and introduction of 
phased-array multichannel surface coils. 
Advantages include absence of ionizing radiation 
and no injection of isotopes or intravenous con-
trast media (Sala et al. 2013; Whittaker et al. 
2009; Hameeduddin and Sahdev 2015; Qayyum 
2009).

2.3.3  Dynamic Contrast 
Enhancement

Gadolinium-based contrast agents act by shorten-
ing T1 relaxation time, which is better seen on 
T1WI. Thus, dynamic contrast-enhanced MRI 
(DCE-MRI) is usually performed using a 2D or 
3D fat-suppressed T1W GRE sequence. 3D 
sequences like volumetric interpolated breath- 
hold examination (VIBE) allow the acquisition of 
thinner slices. The injection should be preferen-
tially performed using an MR-compatible auto-

matic injector, but manual administration may 
also be performed. Serial image acquisitions are 
then performed every few seconds over a length 
of a few minutes. The protocol—including scan 
plane, region of interest, and acquisition time—
will depend on the specific target of the study 
(see appropriate chapters). Qualitative, semi-
quantitative, and quantitative analysis may be 
performed. The enhancement of a given structure 
may be directly and qualitatively accessed as an 
area of increased signal intensity (SI) on 
T1WI. Semiquantitative analysis implies record-
ing the SI of a region of interest before and after 
contrast administration in order to get dynamic 
time-signal intensity (TSI) curves, which enable 
the extraction of some data like time to onset of 
enhancement, relative signal intensity, maximum 
postcontrast SI-to-precontrast SI ratio, rate of 
enhancement, and area under the curve (overall 
enhancement). Quantitative analysis—namely 
Ktrans (volume transfer constant between the 
plasma and the extracellular extravascular 
space)—remains under study and is not currently 
available in many centers (Beddy et al. 2012; 
Hameeduddin and Sahdev 2015; Bernardin et al. 
2012).

Initial unenhanced imaging is helpful to detect 
hyperintense hemorrhagic or proteinaceous con-
tent, and also allows performing subtraction 
imaging, which requires cautious breath-holding 
instructions to guarantee similar registration 
between unenhanced and contrast-enhanced 
images. Regardless of those instructions, some 
artifacts may be found due to bladder filling dur-
ing the examination.

2.4  Gadolinium-Based Contrast 
Media

A standard dose of 0.1 mmol/kg body weight of 
gadolinium is typically administered. For MR 
angiography, it may be increased to 0.2 mmol/kg 
body weight. The risk of nephrotoxicity is very 
low when gadolinium-based contrast media are 
used in approved doses (Beckett et al. 2015).
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The risk of an acute reaction to a 
gadolinium- based contrast agent is low when 
compared to iodine-based contrast agents. 
However, similar cautions should be taken. 
Risk patients are those with a history of previ-
ous acute reaction to gadolinium- based con-
trast agent, asthma, and allergy requiring 
medical treatment. Unlike iodine-based con-
trast agents, the risk of reaction to gadolinium-
based contrast agents is not related to 
osmolality (Beckett et al. 2015).

Nephrogenic systemic fibrosis (NSF) is rec-
ognized as a very late reaction to gadolinium-
based contrast media since 2006. It usually starts 
with pain, pruritus, swelling, and erythema in the 
legs, and progresses to thickening of the skin and 
subcutaneous tissues, as well as to fibrosis of 
internal organs and respiratory muscles, which 
may lead to variable consequences ranging from 
contractures to cachexia and death. The severity 
of the disease implies the prompt recognition of 
high- risk patients, which are those with chronic 
kidney disease (CKD) 4 and 5 (GFR <30 mL/
min), including patients on dialysis, and those 
with acute kidney insufficiency. Gadolinium-
based contrast agents with higher risk of NSF are 
gadodiamide (DTPA-BMA), gadopentetate 
dimeglumine (DTPA), and gadoversetamide 
(DTPA-BMEA). These high-risk agents should 
never be given in higher doses than 0.1 mmol/kg 
and are contraindicated in patients with stage 4 
and 5 CKDM, including those on dialysis, in 
patients with acute renal insufficiency, in preg-
nant women, and in neonates (Beckett et al. 
2015; Thomsen et al. 2013, 2016; Mathur and 
Weinreb 2016).

Low-risk gadolinium contrast agents may be 
used in pregnancy when there is a strong need 
and no neonatal tests are necessary. Lactating 
women are frequently object of concern. If the 
above-mentioned high-risk agents are used, 
breastfeeding should be stopped for 24 h (Beckett 
et al. 2015; Thomsen et al. 2013, 2016; Mathur 
and Weinreb 2016).

3  CT Technique

3.1  Introduction

The advent of helical scanning movement and 
multislice data collection gave rise to a new era 
of fast and high-resolution acquisitions.

Modern CT scans show substantial improve-
ment on volume coverage, scan speed, as well as 
a more efficient use of X-ray tubes. Helical CT 
scans allow near-isotropic acquisitions, thus 
enabling high-resolution multiplanar reconstruc-
tions (MPR) and volume rendering. Moreover, 
the detector size decreased and multiple arrays 
were incorporated inside. Therefore, several 
slices can be recorded simultaneously, shortening 
the exposure time; thus thinner slices can be 
obtained and partial volume artifacts can be 
decreased.

The high speed of current CT scanners allows 
a complete thoracic, abdominal, and pelvic exam-
ination in only one breath-hold. A CT pelvic 
acquisition is rarely performed alone. The scan is 
usually extended to the upper abdomen not only 
for staging and for the follow-up of malignant dis-
eases but also when characterization of vascular, 
inflammatory, or infectious entities is needed.

By shortening the scan time, motion artifacts 
are also reduced and distinct phases of enhance-
ment may be accurately obtained after  intravenous 
contrast administration. Overall, multidetector 
CT (MDCT) scans yield high spatial, temporal, 
and contrast resolution, thus increasing diagnostic 
accuracy. MDCT has rapidly evolved from 
4-detector row systems to 256- slice and 320-detec-
tor row CT systems. Currently, most centers use 
scanners with at least 8- to 16-detector rows. 
Submillimeter or millimeter volumetric acquisi-
tions with subsequent reconstruction into 2–5 mm 
thick axial, sagittal, and coronal images is a suit-
able protocol for routine CT scans (Thomsen 
et al. 2016; Rydberg et al. 2000; Goldman 2007; 
Yitta et al. 2009) (Fig. 2). Table 2 resumes a suit-
able general protocol for gynecological CT scans.
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Fig. 2 Examples of different orientations on CT in three 
distinct patients. Axial image, after oral and intravenous 
contrast administration, depicting anterior peritoneal carci-
nomatosis (arrow) in a patient with endometrial carcinoma 
(a). Sagittal image, after oral contrast administration (intra-

venous contrast was contraindicated), showing ascites and 
huge solid peritoneal implants (arrow) in a patient with 
ovarian carcinoma (b). Coronal image, after intravenous 
contrast administration, identifying an acute appendicitis 
(arrow) in a young patient during early puerperium (c)
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3.2  Technical Disadvantages

Among the main disadvantages of CT, there are 
two with great relevance in daily practice: ioniz-
ing radiation exposure and metallic artifacts. 
Despite the kind of CT scan, radiation reduction 
and protection should always be considered. 
Both technicians and radiologists should be 
familiarized with some technical features includ-
ing the tube current, X-ray beam collimation, and 
pitch, and cautiously select both the number and 
length of scan sequences. Dose quantification 
parameters like volume CT dose index (CTDlvol) 
and dose-length product (DLP) are usually dis-
played in current CT scans and should be rou-
tinely checked. Hip prosthesis causes substantial 
artifacts due to photon starvation and beam hard-
ening, consequently hampering not only the joint 
and the surrounding muscles, but also pelvic 
organs. Methods may be used to reduce these 

artifacts: filtered back projection (FBP), which 
uses information from areas adjacent to regions 
affected by metal artifacts and replaces the metal- 
corrupted raw data by the interpolated values; 
adaptive filtering, which corrects the excessive 
noise produced by the photon starvation effect; or 
iterative algorithms, which use a combination of 
different metal artifact reduction algorithms and 
algebraic reconstruction techniques (Morsbach 
et al. 2013). Iterative reconstruction techniques 
also enable performing reduced-dose CT exami-
nations (due to either tube current or tube poten-
tial lowering) without altering image quality 
(Padole et al. 2014).

3.3  Patient Preparation 
and Positioning

Before a CT scan, an inquiry about the patient 
medical history, routine medication, and potential 
contraindications is mandatory. Pregnancy is not a 
formal contraindication to CT; however, it should 
be avoided mainly during the first trimester. 
Patient preparation for CT scans is mainly related 
to contrast material administration (see next sec-
tions). Due to the need of intravenous contrast, 
patients are optimally asked to fast at least for 4 h. 
Administrating a fast-acting laxative enema to 
clean the bowel may also be recommended.

Patients are usually scanned in supine and 
“foot-first” positions, with their arms raised 
above their heads. Claustrophobic patients 
 tolerate lying with the head outside the gantry 
better. Moreover, these positions allow for a face-
to-face communication with the patient and facil-
itate the access to the patient whenever the 
examination has to be interrupted. “Foot-first” 
positioning also eases the connection of contrast 
medium tubes, which can be done immediately 
after inserting the venous access.

3.4  Oral and Rectal Contrast

Oral and rectal contrast media are frequently used 
in abdominal and pelvic CT imaging. Classically, 
it is given in cases of suspected bowel perforation 
or of anastomosis leakage. However, opacification 

Table 2 Suitable general protocol for gynecological CT 
at a 64-detector scanner

  • 4–6 h of fasting
  •  Administration of a fast-acting laxative enema to 

clean the bowel, one on the day before the exam 
and another during the morning of the exam 
(optional)

  •  Water or iodine-based oral contrast: 1000–
1500 mL of contrast medium administered in 
separate doses 45 to 60 min prior to the 
examination

  •  Water or iodine-based rectal contrast: catheter 
and enema bag; 200 mL to the rectosigmoid and 
900–1200 mL to the entire colon

  • Supine and “foot-first” positions
  • Range from diaphragm to pubic bone
  • Inspiration
  • Scout image: 120 kV, 10–50 mA
  • Final acquisition: (20 kV, 100–200 mAs)
  •  Sub-mm or mm volumetric acquisitions with 

subsequent reconstruction into 2 to 5 mm thick 
axial, sagittal and coronal images

  •  Correction of hip prosthesis artifacts if need: 
filtered back projection, adaptive filtering or 
iterative algorithms

  •  Intravenous iodine-based contrast: 100–150 mL 
at 3–4 mL/s

  • Scan delay
    – 70–100 s (covering all range)
    –  3–5 min (if pelvic vein thrombosis is 

suspected)
    –  5–10 min (if bladder and ureteral 

opacification is needed)
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of the digestive tract is also helpful for distinguish-
ing collapsed loops from lymph nodes, peritoneal 
implants, pelvic masses, and fluid collections.

Water as negative or positive iodinated solutions 
may be used for bowel opacification. In female pel-
vis imaging, positive contrast is particularly useful 
for staging and follow-up of ovarian and endome-
trial cancer. Iodinated solutions are preferable over 
barium suspensions due to its moderate effect on 
peristalsis and easier distribution along the diges-
tive tract. Contrarily, barium suspensions are more 
prone to flocculate and may give rise to streak arti-
facts that hamper wall evaluation. Both types of 
contrast are usually safe, with only rare cases of 
mild diarrhea being reported. However, if bowel 
perforation is suspected, only iodinated solution 
should be administered due to the higher peritoneal 
toxicity of barium-based contrast media. As 1–2% 
of oral contrast is absorbed through the gut patients 
who had previous moderate to severe IV contrast 
allergy should be managed carefully.

Protocols for oral contrast vary according to 
the center. Typically, 1000–1500 mL of contrast 
medium is ingested in separate doses 45–60 min 
prior to the examination. Some authors advocate 
the administration of 20 mg metoclopramide at 
the beginning of the ingestion, in order to shorten 
patient preparation.

Rectal contrast is administered when the patient 
lies on the scanning table by using a  catheter and 
an enema bag. 200 mL of contrast usually opaci-
fies the rectum and the sigmoid colon adequately, 
whereas the entire colon may require 900–
1200 mL of contrast. Sometimes, anal diseases 
like hemorrhoids and fissures hamper the intro-
duction of the rectal tube due to pain. Special care 
should also be taken in patients with anal and 
lower third rectal carcinoma due to the risk of 
ulceration or perforation (Beckett et al. 2015).

3.5  Intravenous Iodine-Based 
Contrast Media

Intravenous iodine-based contrast media are usu-
ally given as a rapid bolus via an IV cannula, by 
using a pump injector. A suitable protocol for 
abdominal and pelvic CT scan is to administer 
100–150 mL of 350 mg iodine contrast media at 

3–4 mL/s. As the time to contrast material arrival 
and peak enhancement are affected by the choice 
of intravenous access sites, particularly when 
forearm or hand veins are used, lower flow rates 
are desirable (Bae 2010).

A suitable routine gynecological CT scan 
includes the upper abdomen and is acquired 
70–100 s after contrast injection. Liver metasta-
ses from gynecological malignancies are typi-
cally hypovascular, so an arterial phase is usually 
unnecessary. Delayed images are recommended 
whenever pelvic vein thrombosis is suspected 
(3–5 min) or bladder and ureteral opacification is 
needed (5–10 min).

In order to reduce the risk of an acute reaction 
to iodine-based contrast media, some procedures 
should be taken according to the European 
Society of Urogenital Radiology (ESUR) guide-
lines: a nonionic contrast medium should be 
used; the patient should be kept in the Radiology 
Department for 30 min after the injection; and 
drugs and equipment for resuscitation have to be 
readily available. For patients at increased risk of 
reaction (history of previous moderate or severe 
acute reaction to an iodine-based contrast agent, 
asthma, and allergy requiring medical treatment), 
an alternative imaging tool not requiring an 
iodine-based contrast agent should be consid-
ered. The use of premedication for allergy 
 prevention is widely accepted, despite its 
 underlying limited clinical evidence. The ESUR 
guidelines recommend oral administration of 
prednisolone 30 mg (or methylprednisolone 
32 mg), 12 and 2 h before contrast medium 
administration (Thomsen et al. 2016).

There is usually some concern regarding thy-
rotoxicosis, a potential very late reaction to 
iodine-based contrast media that usually occurs 
more than 1 week after injection. As a general 
rule, iodinated contrast media should not be given 
to patients with manifest hyperthyroidism. 
Patients at risk—those with untreated Graves’ 
disease, or multinodular goiter and thyroid auton-
omy, especially if they are elderly and/or live in 
areas of dietary iodine deficiency—should be 
strictly monitored by endocrinologists after 
injection (Van der Molen et al. 2004).

Pregnancy and lactation are also usual sources 
of concern for both clinicians and radiologists. 
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Iodine-based contrast media may be given to 
pregnant patients in extraordinary conditions, but 
thyroid function should be checked in the neo-
nate during the first week following the exam. 
When iodine-based agents are given to lactating 
mothers, breastfeeding may be continued nor-
mally (Thomsen et al. 2016).

In patients with renal impairment (eGFR less 
45 mL/min/1.73 m2 for intravenous administra-
tion), an alternative imaging method without 
iodine-based contrast media should be consid-
ered. However, if it is really needed, volume 
expansion should be done. According to the 
ESUR guidelines, intravenous normal saline, 
1.0–1.5 mL/kg/h, for at least 6 h before and after 
contrast medium administration is recommended. 
An alternative suitable protocol is intravenous 
sodium bicarbonate (154 mEq/L in dextrose 5% 
water), 3 mL/kg/h for 1 h before contrast medium 
administration and 1 mL/kg/h for 6 h after con-
trast medium administration. Moreover, the low-
est dose of a low or iso-osmolar contrast medium 
should be used (Thomsen et al. 2016).

Finally, some recommendations should be 
followed in patients taking metformin due to the 
risk of lactic acidosis after IV iodine-based con-
trast exposure when significant renal impairment 
is present. Patients with an eGFR between 30 
and 44 mL/min/1.73 m2 (CKD 3) should stop 
metformin 48 h before contrast medium injec-
tion and should only restart it 48 h after the 
examination if renal function has not deterio-
rated. In patients with eGFR less than 30 mL/
min/1.73 m2 (CKD 4 and 5), iodine-based con-
trast media should be avoided (Beckett et al. 
2015; Thomsen et al. 2016).
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1  Introduction

Radiologists should be familiar with the 
 normal appearances of the uterus on CT and 
MRI when interpreting uterine pathologies. 
Although CT is not generally recommended as 
the first-line imaging modality for the assess-
ment of uterine diseases, it is often used for 
the initial evaluation of patients referred to the 
emergency settings. Multidetector CT with 
multiplanar reformations allows improved 
visualization of the normal anatomy of the 
uterus. MRI is a superb modality for evalua-
tion of the normal uterus. Uterine and cervical 
zonal anatomy is nicely displayed on 
T2WI. The zonal appearance of the uterine 
corpus changes significantly in response to a 
variety of physiological stimuli, including 
menstrual phase, age and hormonal effects. 
Functional imaging techniques including 
dynamic contrast-enhanced MRI and diffu-
sion-weighted imaging enable the radiologist 
to move from morphological to functional 
assessment of the normal uterus.

2  Embryonic Development 
and Normal Anatomy 
of the Uterus

In females, the paramesonephric (Müllerian) 
ducts arise from the mesoderm, lateral to the 
mesonephric ducts in the seventh week. The 
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paramesonephric ducts grow caudally, cours-
ing lateral to the urogenital ridges. In the 
eighth week, the paired paramesonephric ducts 
lie medial to the mesonephric ducts. The 
paramesonephric ducts fuse to form a conflu-
ence. This process is called Müllerian organo-
genesis and represents the initial stage in the 
development of the upper two-thirds of the 
vagina, the cervix, uterus and both fallopian 
tubes. The cranial end of the fused ducts gives 
rise to the future uterus. The caudal end of the 
fused ducts will form the upper two-thirds of 
the vagina. The lower third of the vagina is 
formed as the sinovaginal node (bulb) cana-
lizes. The sinovaginal node inserts into the 
urogenital sinus at Müller’s tubercle (Mann 
et al. 2012).

The uterus is a pear-shaped organ, approxi-
mately 8 cm long, 5 cm at its widest part and 
2.5 cm or less at its thickest part (Fig. 1) 
(Mann et al. 2012; Basmajian 1971; Siddall 
and Rubens 2005). It is composed of three dis-
tinct anatomic regions, namely the fundus, the 
body and the cervix. The fundus and body 
form the upper two-thirds and the cervix the 
lower third. The fundus is the part that lies 
above the tubes and is covered by peritoneum. 
The lower uterine segment  (isthmus) together 
with the internal os forms the junction between 
the uterine corpus and cervix (Mann et al. 
2012).

The zonal anatomy of the uterus as classi-
cally described consists of: the endometrium 
composed of the mucosal stratum functionalis 
and the region of glandular interdigitation into 
the myometrium or stratum basale; the suben-
dometrial region of densely packed smooth 
muscle bundles with an orientation primarily 
parallel to the endometrial stratum basale; the 
stratum vasculature, where the arcuate arteries 
are branching through the randomly oriented 
and loosely organized smooth muscle bundles 
of the myometrium proper; and the thin subse-
rosal zone of dense fibrous tissue (Fig. 2) 
(Brown et al. 1991; Kaur et al. 1998). The 

potential cavity of the uterine body is only a 
thin cleft. The anterior and posterior walls are 
applied to each other.

The uterus is thick-walled and muscular. 
The arrangement of muscle fibres in the human 
uterus has been extensively evaluated, and the 
uterine wall consists of two counter-rotating 
systems of spiral fibres. Fibres in the myome-
trium are divided into the internal layer (stra-
tum subvasculature), which mostly run in a 
circular pattern, and the external layer (stra-
tum supravasculature), which mostly run in a 
longitudinal pattern. There is also an interme-
diate layer (stratum vasculature) in which the 
fibres run in random directions (Fiocchi et al. 
2012).

The cervical canal extends from the inter-
nal os to the external os of the uterus. It is 
spindle-shaped and 2–3 cm in length. The 
uterine cervix consists of the supravaginal cer-
vical canal (endocervix) and the vaginal por-
tion that projects into the vagina. The wall of 
the cervix is primarily made up of firm con-
nective tissue. The muscular part accounts for 
less than 10% of the cervical wall and primar-
ily consists of smooth muscle cells in circular 
arrangement. The cervical canal is coated with 

Fig. 1 Anatomic draft of the normal female pelvis in sag-
ittal orientation
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mucus-producing columnar epithelium and 
contains numerous gland-like units, the crypts. 
The squamocolumnar junction is the transition 
from the columnar epithelium of the endocer-
vix to the non-keratinizing squamous epithe-
lium of the ectocervix and is situated at the 
level of the external os of the uterus (Mann 
et al. 2012).

The uterine artery supplies the uterus and 
gives off superior and inferior branches to the 
cervix, fallopian tubes and upper vagina. It 
arises from the anterior branch of the internal 
iliac artery and crosses the ureter as it enters 
the bladder. The uterine artery gives branches 
that penetrate the outer myometrium, proceed 
to the middle third of the myometrium and 
divide to form the arcuate arteries. The arcuate 
arteries give off radial branches, which travel 
into the uterine lumen, called ‘spiral’ arteries 
as they pass the myometrial–endometrial junc-
tion. After entering the endometrium, the spi-
ral arteries give off small branches, the basal 
arteries, which supply the basal layer and, 

unlike the spiral arteries, are not affected by 
hormonal stimuli. The arcuate arteries give off 
branches to the outer myometrium and a 
plexus of small, radically oriented arteries is 
formed immediately beneath the serosa 
(Fig. 3) (Kaur et al. 1998). The uterine veins 
drain into the internal iliac veins. Lymphatic 
drainage from the corpus is through the broad 
ligament into the paraaortic lymph nodes and 
from the cervix into the parametrial and iliac 
lymph nodes.

The broad ligament is formed by two layers 
of peritoneum, which drape over the uterus 
and extend laterally from the uterus to the pel-
vic sidewall. Its superior free edge is formed 
by the fallopian tube medially and the suspen-
sory ligament of the ovary laterally. The lower 
margin of the broad ligament ends at the cardi-
nal ligament. Between the two leaves of the 
broad ligament can be found loose extraperito-
neal connective tissue, smooth muscle and fat 
known as the parametrium, which contains the 
fallopian tube, round ligament, ovarian liga-
ment, uterine and ovarian blood vessels, 
nerves, lymphatic vessels, mesonephric rem-
nants and a portion of the ureter (Foshager and 
Walsh 1994). The round ligament is a band of 
fibromuscular tissue that attaches to the 
anterolateral uterine fundus just below and 
anterior to the fallopian tube and ovarian liga-
ment (Fig. 4). The cardinal ligament forms the 
base of the broad ligament and provides the 
major ligamentous support for the uterus and 
upper vagina. It extends laterally from the cer-
vix and upper vagina to merge with a fascia 
overlying the obturator internus muscle 
(Fig. 4b). The uterine artery lies along its 
superior border. The uterosacral ligament lies 
posteriorly, extending from the lateral cervix 
and vagina at the level of the internal cervical 
os and forming a curved arc toward the ante-
rior body of the sacrum at S2 or S3 level 
(Foshager and Walsh 1994).

Most of the uterus is covered by perito-
neum. The peritoneum passes from the 

Fig. 2 Sagittal T2WI image of a healthy premeno-
pausal woman shows normal uterine zonal anatomy: 
the endometrium (asterisks) appears hyperintense, the 
junctional zone (long arrow) shows low signal inten-
sity, the outer myometrium (asterisk) demon-
strates intermediate signal intensity and a subserosal 
zone of the myometrium is detected hypointense 
(arrowhead)
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 symphysis pubis on to the upper surface of the 
bladder and from the third piece of the sacrum 
to rectum. The homologue of the rectovesical 
pouch of peritoneum in the male is divided 
into an anterior and a posterior part by a trans-

verse partition, formed by the uterus and the 
broad ligament. The anterior subdivision is the 
vesicouterine pouch and the posterior subdivi-
sion the rectouterine pouch (Douglas space) 
(Basmajian 1971).

b c

Ovarian artery

Arcuate artery

Radial artery

Basal artery

Spiral artery

Endometrium

a

Myometrium

Utrerine artery

Fig. 3 (a) Arterial vasculature of the human uterus. CT examination (b) coronal and (c) sagittal multiplanar reformat-
ted images (portal phase) depict uterine arcuate arteries (long arrow)
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3  Uterine Corpus: Normal CT 
and MRI Findings

Although CT is generally not the primary imag-
ing modality for the assessment of the uterus, it 
is often the initial diagnostic examination for 
evaluating nongynecologic pelvic diseases, 
especially in emergency settings. Therefore, 
radiologists should be familiar with normal 
uterine CT findings, to avoid misdiagnosis and/
or unnecessary additional diagnostic tests (Yitta 
et al. 2011; Yitta et al. 2009; Kormano et al. 
1981; Grossman et al. 2008; Lim et al. 2002). 
Multidetector CT (MDCT) with two-dimen-
sional multiplanar reformatted (MPR) images 
has improved visualization of the normal anat-
omy of the female pelvis (Yitta et al. 2011; Yitta 
et al. 2009). Standard sagittal and coronal MPRs 
and when necessary additional oblique or curved 
planar MPRs are generated with no additional 
time or labor required on the part of the radiolo-
gist (Yitta et al. 2011; Yitta et al. 2009). Sagittal 
reconstructions are particularly recommended 
in cases of a retroverted and retroflexed uterus 
and in cases of a prominent or triangular endo-
metrium (Fig. 5) (Yitta et al. 2011; Yitta et al. 
2009; Kormano et al. 1981; Grossman et al. 
2008; Lim et al. 2002).

At unenhanced images, the uterus exhibits 
relative uniform soft-tissue density, with a central 
slightly hypodense region, corresponding to 
endometrial canal (Fig. 6). With conventional 
CT, the uterine wall appears relatively featureless 
with lack of distinction between layers after 
intravenous contrast material administration. 
Multidetector CT with rapid scanning during dif-
ferent phases of contrast enhancement allows the 
detection of a uterine enhancement pattern, 
closely resembling that at dynamic gadolinium-
enhanced MRI (Kaur et al. 1998; Yitta et al. 
2011; Yitta et al. 2009; Yamashita et al. 1993).

However, few data regarding normal uterine 
and cervical contrast enhancement with MDCT 
exist in the literature (Kaur et al. 1998; Yitta et al. 
2011; Yitta et al. 2009; Kormano et al. 1981). 
Three types of early enhancement of the uterine 
body have been described with single-section 
helical CT: type 1, subendometrial enhancement 
with or without associated subserosal enhance-
ment, predominantly seen in premenopausal 
women; type 2, absence of early subendometrial 
enhancement with enhancement either progress-
ing from the subserosa or diffuse from the outset, 
equally seen in both premenopausal and post-
menopausal women and type 3, faint diffuse 
enhancement of the myometrium, predominantly 
seen in  postmenopausal women (Fig. 7) (Kaur 

ba

Fig. 4 Transverse contrast-enhanced CT images (portal phase) in a postmenopausal woman with bilateral serous ovar-
ian cystadenomas (asterisk, a) depict normal right round ligament (arrow, a) and cardinal (arrow, b) ligaments
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et al. 1998; Yitta et al. 2009). Recently, another 
pattern has been described, including patchy, het-
erogeneous enhancement throughout the myome-
trium (Yitta et al. 2011). The visualization of these 
enhancement patterns is transient, depending on 
various factors, including age and menstrual sta-
tus. On delayed imaging, diffuse uniform enhance-
ment of the myometrium is seen. The lower uterine 
segment and cervix is often less enhancing com-
pared to the myometrium on early phase and this 
may falsely simulate a mass (Fig. 7c).

On CT, the endometrium is defined as the cen-
tral hypodense region. However, endometrial cav-
ity often represents a source of confusion at CT 
(Yitta et al. 2009; Grossman et al. 2008; Lim et al. 
2002). CT is considered relatively insensitive in 
detecting mild endometrial thickening, but better 
able to identify gross thickening (Grossman et al. 
2008). Endometrial thickness may be exaggerated 
on standard axial and coronal images, especially in 
cases of uterine version, where the endometrium is 
imaged in an oblique plane. Sagittal MPRs are 

ba

Fig. 5 (a) Transverse and (b) sagittal MPRs (portal phase) in a 35-year-old woman with ovarian mucinous cystade-
noma (arrow) and retroverted and retroflexed uterus. Normal cervical enhancement is seen (long arrow)

ba

Fig. 6 Transverse unenhanced (a) and contrast-enhanced (b) CT images of normal uterus in a 23-year-old woman. The 
endometrium appears hypodense (long arrow)
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often helpful to confirm or exclude gross endome-
trial thickening in these cases. CT criteria for char-
acterizing normal endometrial thickness are 
lacking (Yitta et al. 2009; Grossman et al. 2008; 
Lim et al. 2002). A maximum of 7.5 mm in mean 
short-axis thickness of normal endometrium in 
asymptomatic postmenopausal women has been 
reported, greater than that for US measurements, 
in which 5 mm is an accepted upper limit of nor-
mal (Lim et al. 2002).

The normal dimensions of the uterus during 
reproductive life vary depending on patient age 
and parity. Normal uterus in women of childbear-
ing age measures approximately 8 cm in length, 
4 cm height and 5 cm width, with multiparous 
uterus being larger than nulliparous uterus by 
approximately 1 cm in each dimension (Takeuchi 
et al. 2010). The uterus is typically pear-shaped, 
with uterine body approximately twice the size 

of the cervix. The normal position of the uterus 
may vary depending on the degree of distention 
of the urinary bladder. Uterine position is char-
acterized in relation to the angle of the long axis 
of the uterine body to the long axis of the cervix 
(flexion) and the long axis of the uterus to the 
long axis of the vagina (version). The uterus is 
more often in an anteverted and anteflexed posi-
tion (Takeuchi et al. 2010).

Uterine zonal anatomy on MRI is visualized on 
T2-weighted images (T2WI) consisting of a high 
signal intensity central zone, corresponding to 
endometrium, a subjacent low signal intensity junc-
tional zone (JZ) of myometrium, a moderately 
intense zone of myometrium and a thin, hypoin-
tense subserosal zone of myometrium (Fig. 8) 
(Brown et al. 1991; Hricak et al. 1983; Togashi et al. 
2001). The low signal intensity of the JZ is explained 
by its lower water content, decreased extracellular 

a

c

b

d

Fig. 7 Patterns of normal uterine enhancement on MDCT 
(sagittal MPRs, portal phase). Type 1, (a) thin and (b) 
thick subendometrial enhancement. (c) Type 2, diffuse 
myometrial enhancement. Normal hypodense cervix. 

Ovarian mature cystic teratoma (arrowhead). (d) Type 3, 
minimal diffuse myometrial enhancement. Ovarian serous 
cystadenoma (asterisk, same patient as in Fig. 4)
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Fig. 8 MRI of a healthy 31-year-old woman with retro-
verted and retroflexed uterus during secretory phase. 
T2WI in (a) sagittal, (b) coronal and (c) transverse orien-
tation. The endometrium is thick (asterisks), the myome-
trium appears hyperintense (asterisk) and the interface 
between outer myometrium and JZ is relatively indistinct 

(arrowhead). (d) Transverse T1WI shows relatively 
homogeneous uterine body with signal intensity similar to 
that of muscles. (e) Transverse apparent diffusion coeffi-
cient (ADC) map. The ADC of normal endometrium 
(long arrow) and myometrium (arrow) is 
1.26 × 10−3 mm2/s and 1.55 × 10−3 mm2/s, respectively
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matrix, tightly packed muscle cells and a threefold 
increase in nuclear area (Togashi et al. 2001; Hauth 
et al. 2007; Novellas et al. 2011; Brosens et al. 
1995). The first studies in the 1980s proposed a 
maximum threshold of between 2 and 5 mm for the 
thickness of the normal JZ. Over the past two 
decades, this criterion has been gradually revised, 
resulting in an upper limit of normal of 5–8 mm for 
the thickness of the JZ. A width larger than 12 mm 
for JZ on MRI has been proposed as a criterion for 

the diagnosis of diffuse adenomyosis (Togashi et al. 
2001; Hauth et al. 2007; Novellas et al. 2011; 
Brosens et al. 1995). Uterine body appears homoge-
neous and featureless on T1-weighted images 
(T1WI), isointense compared to skeletal muscles 
(Brown et al. 1991; Hricak et al. 1983; Togashi et al. 
2001) (Fig. 8d).

Uteri of women in the reproductive age, not 
taking exogenous hormones show variations in 
endometrial and myometrial width, and signal 
intensity throughout the menstrual cycle (Takeuchi 
et al. 2010; Togashi et al. 2001; Hauth et al. 2007; 
McCarthy et al. 1986; Demas et al. 1986; Haynor 
et al. 1986; Langer et al. 2012; He et al. 2016). The 
endometrium is thin just after menstruation. As the 
estrogen level increases during the proliferative 
(follicular) phase, the endometrium thickens. 
During ovulation, there are no obvious changes in 
the endometrium. During the secretory (luteal) 
phase, under the influence of both estrogen and 
progesterone, the endometrium reaches its maxi-
mum thickness, up to 7–14 mm. The myometrium 
shrinks on menstrual phase and has decreased sig-
nal intensity on T2WI (Fig. 9). Myometrial thick-
ness gradually increases during the proliferative 
phase. The contrast between outer myometrium 
and JZ is more prominent in the proliferative phase 
(Fig. 10), and it becomes indistinct in the secretory 
and menstrual phases. Myometrial signal intensity 

Fig. 9 MRI of a healthy 33-year-old woman during men-
strual phase. T2WI in sagittal orientation. The endome-
trium appears thin. Within the cavity, the menstrual blood 
(long arrow) is detected as a stripe of low signal intensity

ba

Fig. 10 MRI of a healthy 32-year-old woman during 
proliferative phase. (a) Sagittal T2WI image. The endo-
metrium appears thin (long arrow) and the contrast 
between outer myometrium and JZ is evident. (b) Axial 

ADC map. The ADC of normal endometrium (long 
arrow) and myometrium (arrow) is 1.56 × 10−3 mm2/s 
and 1.47 × 10−3 mm2/s, respectively
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increases and myometrial arcuate vessels are more 
clearly defined during the midsecretory phase 
(Fig. 8). The higher water content of the myome-
trium during this phase results in increased signal 
intensity (Takeuchi et al. 2010; Togashi et al. 2001; 
Hauth et al. 2007; McCarthy et al. 1986; Demas 
et al. 1986; Haynor et al. 1986; Langer et al. 2012; 
He et al. 2016).

Patient age has a significant effect on MRI fea-
tures of female reproductive organs (Takeuchi et al. 
2010; Hauth et al. 2007; Demas et al. 1986; Langer 
et al. 2012). In the premenarchal girl and in the post-
menopausal woman, the uterine corpus is small and 
relatively featureless, with faint myometrial-endo-
metrial interface on T2WI (Fig. 11) (Takeuchi et al. 
2010; Demas et al. 1986; Langer et al. 2012).

Exogenous hormonal replacement affects the 
appearance of the uterus (Togashi et al. 2001; 
McCarthy et al. 1986; Demas et al. 1986). In pre-
menopausal women using oral contraceptives, the 
JZ is significantly thinner than usual, the uterus has 
a thin endometrium and a bright myometrium, the 
latter due to edema. Women treated with GnRH 
analogue exhibit a uterus similar to that found in 
postmenopausal women. Although tamoxifen is 
antiestrogenic, it has paradoxical estrogenic effects 
in postmenopausal women, resulting in a heterog-
enous and thickened endometrium. These findings 
may mimic endometrial cancer, although they 
regress after withdrawal of the drug (Togashi et al. 
2001; McCarthy et al. 1986; Demas et al. 1986).

The normal uterus presents two types of phys-
iologic myometrial contractions: transient sus-
tained contraction and uterine peristalsis (Togashi 
et al. 1993a, b, 2001; Masui et al. 2001). Transient 
myometrial contraction appears as sporadic focal 
bulging of myometrium, persisting for several 
minutes. It may be detected as a focal hypoin-
tense area on T2WI, simulating a leiomyoma or 
adenomyosis, although it may disappear on sub-
sequent images (Fig. 12). Uterine peristalsis is 
caused by contractions of the inner myometrium, 
with retrograde direction (cervico-fundal) in 
mid-cycle and antegrade during menstruation. 
This movement is considered to play a major role 
in rapid sperm transport, discharge of menstrual 
blood and in maintenance of early pregnancies. 
Uterine peristalsis subsides during the secretory 
phase, most likely to facilitate implantation of the 
embryo. Fast MRI in a kinematic fashion depicts 
myometrial contraction, which appears as a series 
of changes in configuration, thickness and signal 
intensity of the myometrium and JZ (Togashi 
et al. 1993a, 2001; Masui et al. 2001).

Functional MRI by means of dynamic multi-
phase contrast-enhanced MRI (DCE-MRI) and 
diffusion-weighted MRI (DW-MRI) is now part 
of the standard imaging protocols for evaluation 
of the female pelvis. Both techniques enable the 
radiologist to move from morphological to func-
tional assessment of diseases of the female pelvis 
(Sala et al. 2013; Punwani 2011).

Three types of uterine enhancement on DCE-
MRI have been described: type 1, a thin early 
enhancing layer between the endometrium and 
myometrium (called subendometrial enhance-
ment [SEE]), followed by enhancement of the 
entire myometrium, more often seen during the 
proliferative phase or in postmenopausal women; 
type 2, a thick layer corresponding to the JZ with 
marked initial enhancement, usually seen during 
the secretory phase and type 3, enhancement of 
the whole myometrium, more often detected in 
the menstrual phase (Kaur et al. 1998; Yamashita 
et al. 1993; Hricak and Kim 1993) (Fig. 13).

Perfusion-MRI although mainly used as a 
research tool confirmed the presence of different 
myometrial components, especially during repro-
ductive age, where both microcirculation and 

Fig. 11 T2WI in sagittal plane of a healthy 64-year-old 
woman depicts a small uterus, with a normal thin hyperin-
tense endometrium (arrowhead)
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Fig. 12 Transient myometrial contraction. Τ2WI in (a) 
sagittal and (b) transverse orientation shows focal low sig-
nal intensity myometrial mass (arrow), mimicking leio-
myoma. Small right ovarian follicle (arrowhead). (c) 
Subsequent coronal T2WI shows significant resolution of 
the findings (arrow) (Courtesy Dr. Cunha TM, Lisbon, 
Portugal)
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Fig. 13 Patterns of early uterine enhancement on DCE-
MRI. (a) Type 1, thin enhancing layer between the endo-
metrium and myometrium (subendometrial enhancement); 
(b) Type 2, thick enhancing layer corresponding to the JZ 
and (c) Type 3, enhancement of the whole myometrium
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ultrastructural features such as the extracellular 
matrix differ between the inner and the outer 
myometrium. Specifically, DCE-MRI has shown 
higher tissue blood flow (F) and permeability-
surface area product (PS), lower blood volume 
fraction (Vb) and interstitial volume (Ve), and 
longer lag time (Dt) in the inner myometrium, 
compared to the outer myometrium (Thomassin-
Naggara et al. 2010). During the menstrual cycle 
no differences for all perfusion imaging parame-
ters are seen in the outer myometrium. By con-
trast, the inner myometrium shows microvascular 
variations with higher F, higher Vb and shorter Dt 
during the proliferative phase compared with the 
secretory phase (Thomassin-Naggara et al. 2010).

Blood oxygenation level dependent (BOLD) 
MRI has shown significantly lower T2* values for 
the JZ compared to that of the outer myometrium 
and lower T2* values of both JZ and outer myo-
metrium throughout the menstrual cycle, proba-
bly related to decreased blood perfusion and 
subsequently decreased pO2 (Kido et al. 2007).

Uterine zone, age and phase of the menstrual 
cycle in premenopausal women should be taken 
into consideration when interpreting the apparent 
diffusion coefficient (ADC) values of uterine 
structures (He et al. 2016; Fujimoto et al. 2013; 
Kido et al. 2010; Tsili et al. 2012; Kuang et al. 
2012; Fornasa and Montemezzi 2012; He et al. 
2015). Normal ADC is higher for outer myome-
trium, followed by endometrium and JZ (Fujimoto 
et al. 2013). A wide variation of ADC for the nor-
mal endometrium/myometrium during the differ-
ent phases of the menstrual cycle has been found. 
The ADC of the normal endometrium is lower 
during the menstrual phase when compared with 
the proliferative and the secretory phases. The 
ADC is also lower during the proliferative phase 
when compared with the secretory phase (Figs. 8e 
and 10b) (Kido et al. 2010; Tsili et al. 2012; Kuang 
et al. 2012; Fornasa and Montemezzi 2012; He 
et al. 2015). On the contrary, the ADC of myome-
trium shows significant increase from menstrual 
phase to secretory phase (Figs. 8e and 10b) (Tsili 
et al. 2012; He et al. 2015). The ADC of normal JZ 
increases with age in premenopausal women (He 
et al. 2016). During menstrual cycle, ADC of JZ is 
lower in menstrual phase compared to the secre-
tory phase (He et al. 2016). Histopathologic 

changes of the normal uterus in premenopausal 
women explain the variations of the ADC of the 
endometrium/myometrium during the menstrual 
cycle. Endometrial discharge consisting of blood 
and sloughing of stromal and epithelial cells cou-
pled by the torn ends of veins, arteries and glands 
cause restricted diffusion by the endometrium dur-
ing the menstrual phase. The presence of large 
uterine glands and more prominent arteries in stra-
tum functionalis of the normal endometrium and 
increased interstitial fluid are the possible explana-
tions for the higher ADC of the endometrium dur-
ing the secretory phase when compared to the 
proliferative phase. The higher water content of 
the myometrium during secretory phase also pos-
sibly contributes to the higher ADC of the myome-
trium in this phase.

Diffusion tensor imaging (DTI) of the normal 
uterus in vivo using 3 T system reveals differences in 
fibre number, length and orientation (Fiocchi et al. 
2012; He et al. 2016; Fujimoto et al. 2013). 
Anisotropy is found in most parts of the uterine body 
and two fibre directions have been described: circu-
lar and longitudinal, as in ex vivo studies (Fiocchi 
et al. 2012). Fractional anisotropy (FA) is highest for 
JZ, followed by outer myometrium and normal 
endometrium (He et al. 2016). During menstrual 
cycle, endometrial FA declines (He et al. 2016).

4  Uterine Cervix: Normal CT 
and MRI Findings

The cervix represents the lower third of the uterus, 
usually measuring 2–3 cm in length. On axial CT 
images, the exact boundary between the uterine 
body and the cervix may be difficult to detect. The 
oblique orientation of the cervix or the presence 
of fluid in the vaginal fornices may mimic a mass. 
Sagittal MPRs, with respect to the orientation of 
the cervix are helpful in delineating normal cer-
vix, closely mimicking sagittal T2WI (Yitta et al. 
2009). After intravenous contrast material admin-
istration, the cervix overall usually shows differ-
ential or delayed enhancement in comparison 
with the uterine body. This results in a hypodense 
appearance and may probably be related to the 
presence of greater amount of fibrous tissue in the 
cervix (Fig. 7c) (Yitta et al. 2011).
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Dynamic enhancement patterns of the normal 
uterine cervix at MDCT closely resemble those 
at MRI (Kaur et al. 1998; Yitta et al. 2011; Yitta 
et al. 2009). These patterns are seen in women 
with a type 1 or type 2 uterine enhancement pat-
terns, but not with a type 3. The cervical zonal 
enhancement of the cervix is typically character-
ized by early, intense central circumferential 
enhancement, corresponding to the richly glan-
dular central mucosa, with secondary less intense 
enhancement of the surrounding inner fibromus-
cular stroma (Fig. 5b). The outer fibromuscular 
stroma enhances later, more intensely compared 
to the inner fibromuscular stroma, but less 
intensely compared to the central cervical 
mucosa. The combination of the three layers pro-
duces a target-like appearance of the normal 
 cervix on axial images (Kaur et al. 1998; Yitta 
et al. 2011; Yitta et al. 2009).

Nabothian cysts are essentially benign reten-
tion cysts of the cervix, probably due to chronic 
inflammation. They are usually asymptomatic, 
more often detected incidentally. At MDCT, 
nabothian cysts are well-defined cystic struc-
tures, with a density similar to that of fluid, of 
variable size. Sagittal and coronal MPRs show 
them as well-defined, thin-walled cystic struc-
tures, separate from the endocervical canal (Yitta 
et al. 2011).

On MRI, the cervix and the uterine body can 
be differentiated, the lower uterine segment 
(isthmus) creating a gradual separation between 
the corpus uteri and the cervix (Brown et al. 
1991). T2WI delineates the following four dis-
crete zones of the endocervix: the high signal 
intensity central region of cervical mucus; the 
high signal intensity endocervix with its muco-
sal folds; the cervical stroma, which displays a 
predominantly low T2 signal and is in contigu-
ity with the JZ of the uterus and an intermediate 
signal intensity outer zone, which is continuous 
with the outer myometrium (Fig. 14). Both the 
middle and outer zones correspond to the fibro-
muscular stroma of the cervix (Brown et al. 
1991; Yitta et al. 2011; Togashi et al. 2001; 
Scoutt et al. 1993; deSouza et al. 1994). The 
percentage of nuclear area in the inner zone of 
the fibromuscular stroma is 2.5 times greater 
than in the outer zone, which may account for 
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Fig. 14 T2WI in (a) sagittal and (b) transverse orientation 
in a healthy premenopausal woman shows normal zonal 
anatomy of the uterine cervix: mucus in the cervical canal 
as a stripe of very high signal intensity centrally, the 
mucosa of the endocervix with high signal intensity, the 
cervical stroma with predominantly low signal intensity 
and the outermost layer with intermediate signal intensity. 
(c) Transverse T1WI depicts normal cervix relatively 
homogeneous, with signal intensity similar to that of the 
uterine body
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the lower signal intensity of the inner zone 
(deSouza et al. 1994). Uterine cervix appears 
homogeneous, featureless of intermediate sig-
nal intensity on TIWI (Fig. 14c) (Brown et al. 
1991). Nabothian cysts exhibit intermediate or 
slightly high T1 signal and prominently high T2 
signal (Fig. 15).

The plicae palmatae is a normal endocervical 
fold, consisting of lateral parts of numerous 
smaller folds and a large elevation at the mid-
line, which is thought to be a developmental 
remnant of the Müllerian ductal fusion. It is 
demonstrated as a longitudinal ridge of distinct 
low T2 signal at the midline of either anterior 
and/or posterior wall which protrudes into the 
cervical canal (Takahata et al. 2009). The preva-
lence of this finding is reported 44.5–53.2%, 
more often seen during the fourth decade. The 
incidence of plicae palmatae is significantly 
lower in postmenopausal women (Takahata 
et al. 2009) (Fig. 16).

The cervix is relatively stable on MRI during 
the menstrual cycle, although some studies report 
an increase in thickness of cervical stroma late in 
the cycle (Fiocchi et al. 2012; Haynor et al. 
1986). The configuration of the cervix changes 
from elongated, seen in the premenarchal and 
nulliparous female to a wide short cervix of the 
multiparous women (Brown et al. 1991).
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Abstract

Congenital malformations of the uterus, also 
termed Müllerian duct anomalies (MDA), are 
an uncommon, but often treatable, cause of 
infertility. Estimates of its frequency vary 
widely owing to different patient populations, 
nonstandardized classification systems, and 
differences in diagnostic data acquisition. 
Because normal pregnancies can occur in 
women with MDA and the anomalies are 
mostly discovered in cases of patients present-
ing with infertility, the reported prevalence of 
MDA in the general population is probably 
underestimated.

1  Clinical Background

1.1  Epidemiology

Congenital malformations of the uterus, also 
termed Müllerian duct anomalies (MDA), are an 
uncommon, but often treatable, cause of infertil-
ity. Estimates of its frequency vary widely owing 
to different patient populations, nonstandardized 
classification systems, and differences in diag-
nostic data acquisition. Because normal pregnan-
cies can occur in women with MDA and the 
anomalies are mostly discovered in cases of 
patients presenting with infertility, the reported 
prevalence of MDA in the general population is 
probably underestimated.

The overall published data suggest a preva-
lence range of uterovaginal anomalies of around 
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1–10% (Acién 1997; Ashton et al. 1988; Homer 
et al. 2000; Raga et al. 1997; Saleem 2003; 
Simón et al. 1991; Troiano and McCarthy 2004; 
Chan et al. 2011a) in the general population 
among women with normal and abnormal fertil-
ity. Arcuate and septate uteri appear to be the 
most common malformations in an unselected 
population (Dreisler and Stampe 2014). While 
conceiving is a minor problem for the majority 
of women with MDA, the risk of pregnancy loss 
is truly associated with MDA. Its prevalence in 
women with repeated miscarriage is considered 
to be around 5–13% (Homer et al. 2000; Raga 
et al. 1997; Chan et al. 2011a; Clifford et al. 
1994; Nahum 1998; Raziel et al. 1994) and up to 
25% in women with combined infertility and 
recurrent miscarriage (Chan et al. 2011a). No 
racial predilection is noted in the literature.

1.2  Clinical Presentation

Mild forms of MDA, especially arcuate uteri, may 
never be diagnosed. Major forms of MDA may 
become clinically evident at different ages depend-
ing on their specific characteristics and associated 
disorders. The distribution among the different 
classes of MDA and their clinical presentations is 
summarized in Table 1. In the newborn/infant age, 

an initial presentation of a palpable abdominal or 
pelvic mass due to a uterine or/and vaginal obstruc-
tion causing intraluminal fluid retention is possible. 
In the adolescent age group, a delayed menarche or 
primary amenorrhea with or without fluid retention 
in the uterus (hematometra) and/or vagina (hema-
tocolpos) may present as a painful intra-abdominal 
tumor in case of obstruction or complete oblitera-
tion. Some patients also have cyclical pain, usually 
due to retrograde menstruation through the fallo-
pian tubes. The most common MDA often become 
significant for the first time in the childbearing age. 
Patients can present with various problems of infer-
tility, repeated spontaneous abortions, premature 
delivery, fetal intrauterine growth retardation, and 
difficulties during delivery like breech presentation 
or transverse lie (Zlopasa et al. 2007).

By understanding the defective embryologi-
cal development, one can understand the poten-
tial for the presence of associated congenital 
malformations of other organ systems. Most fre-
quently, renal malformations like renal agenesis 
or ectopia can occur. Much less frequent are 
bony malformations – most of them occur in a 
complex of varying symptoms – like abnormal 
scapula, supernumerary or fused ribs, vertebral 
malsegmentation, fusion of the vertebral col-
umn (i.e., Klippel–Feil syndrome), and radio-
carpal hypoplasia. The nonrandom association 

Table 1 Distribution among the different classes of MDA and their clinical presentations

Müllerian duct anomalies 
(MDA) Influence on reproductive/obstetric outcome Other major associations

Spontaneous 
abortion

Premature 
delivery

Fetal survival rate

Class I: Dysplasia (4–10%) No potential for reproduction

Class II: Unicornuate uterus 
(5–20%)

50%a (41–62%) 15% (10–20%) 40% (38–57%) Renal agenesis 67%

Class III: Uterus didelphys 
(5–11%)

45% (32–52%) 38% (20–45%) 55% (41–61%) Longitudinal vaginal 
septum 75%

Class IV: Bicornuate uterus 
(10–39%)

30% (28–35%) 20% (14–23%) 60% (57–63%) High cervical 
incompetence 38%

Class V: Septate uterus 
(34–55%)

65% (26–94%) 20% (9–33%) 30% (10–75%) Vaginal septum 25%

Class VI: Arcuate uterus (7%) Mostly compatible with normal-term gestation

Class VII: DES-exposed uterus Increased Increased Decreased Cervical anomalies 
44%

All percentage data are pooled from the current literature (Simón et al. 1991; Troiano and McCarthy 2004; Nahum 
1998; Rennell 1979; Chan et al. 2011b); values in brackets represent percentage ranges

J. Roos et al.



63

of MDA, renal agenesis/ectopia, and cervico-
thoracic somite dysplasia are subsumed under 
the so-called MURCS associations (Pittock 
et al. 2005). Although other malformations such 
as cardiac defects have been described, it 
remains unclear if some of the associated mal-
formations are caused in the same development 
field or if early exposure to teratogenic agents 
was causative (Pittock et al. 2005). The litera-
ture does not show increased mortality for 
patients carrying an MDA compared to the gen-
eral population, whereas the morbidity may be 
increased in some specific types of MDA caus-
ing obstructed Müllerian systems with the pres-
ence of hematosalpinx (retention of blood in the 
fallopian tubes), hematocolpos (retention of 
blood in the vagina), or retrograde menses caus-
ing the potential problem of endometriosis.

Once an MDA is suggested based on evi-
dence from patient history and physical exami-
nation, the next diagnostic step includes an 
imaging workup, which often detects the under-
lying anomaly and guides further (surgical) 
interventions. Apart from the precise anatomic 
evaluation of the female genital tract, attention 
should be paid to associated malformations 
(e.g., of ureter or pelvic vessels), as this addi-
tional information might impact upon therapeu-
tic measures, especially reconstructive or 
corrective surgery.

1.3  Embryology

The understanding of the embryogenesis of the 
urogenital female tract is of paramount impor-
tance to understand the pathogenesis of the dif-
ferent types of MDA. The female reproductive 
system develops from the two paired Müllerian 
ducts (synonym: paramesonephric ducts) that 
start off in the embryonal mesoderm lateral to 
each Wolffian duct (synonym: mesonephric 
duct). The paired Müllerian ducts develop in 
medial and caudal directions, and the cranial part 
remains nonfused and forms the fallopian tubes. 
The caudal part fuses to a single canal forming 
the uterus and the upper two thirds of the vagina. 
This is called lateral fusion. In a process called 

vertical fusion, the intervening midline septum of 
both ducts undergoes regression. The caudal part 
of the vagina arises from the sinovaginal bulb and 
fuses with the lower fused Müllerian ducts. 
The ovaries originate from the gonadal ridge, a 
 completely different tissue than the mesoderm, 
forming both the urinary and genital systems. 
Hence, associated malformations of the kidney, 
but not of the ovaries, are frequently observed 
together with MDA. Pathogenesis of Müllerian 
duct anomalies can be basically classified into 
the presence of agenesis, hypoplasia, and defects 
in vertical and lateral fusion of the paired ducts.

In 1988, the American Society for Reproductive 
Medicine (ASRM; formerly known as American 
Fertility Society) (1988) presented a consensus in 
classification of uterovaginal anomalies and pub-
lished a schematization system that is widely 
accepted among specialists. Other used classifica-
tion systems are referenced (Buttram and Gibbons 
1979; Rock and Schlaff 1985; Rock 2000). A more 
recent classification was proposed in 2013 by the 
European Society of Human Reproduction and 
Embryology (ESHRE) and the European Society 
for Gynaecological Endoscopy (ESGE) 
(Grimbizis et al. 2013), in an attempt to improve 
the characterization of anomalies which did not fit 
into any group of the older classifications. Its reli-
ability in clinical practice and effect on reproduc-
tive outcome still warrant further scientific 
evaluation, as it has been reported to lead to possi-
ble overdiagnosis and unnecessary operative treat-
ment of septate uteri in cases which would have 
been classified as normal or arcuate uteri according 
to the ASRM classification (Ludwin and Ludwin 
2015).

Although most Müllerian duct anomalies 
occur sporadically, there is a known association 
with in utero exposure to teratogenic agents such 
as diethylstilbestrol (DES) or thalidomide 
(Kaufman et al. 2000). Currently there are no 
known specific patterns of inheritance.

1.4  Pathology

Whatever steps in embryogenesis are defective, 
different types of MDA can occur. The ASRM 
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introduced a classification system in 1988 (1988) 
that stratifies MDA into seven different classes of 
uterine anomalies (Fig. 1). It is based on a previ-
ous classification system introduced by Buttram 
et al. (Buttram and Gibbons 1979). Other classi-
fication systems followed and included broader 
collections of anomalies in order to avoid con-
flicting observations and oversimplicity (Rock 
2000; Grimbizis et al. 2013). With all classifica-
tion systems, one must emphasize that with the 
overlap of associated cervical and vaginal anom-
alies, the classifications describe primarily the 
uterine defects, whereas cervicovaginal defects 
as well as associated malformations must be 
added separately in the form of a subset. The dis-
tribution among the different classes of MDA and 
their clinical presentations is summarized in 
Table 1. The diagnosis of MDA is based upon the 
clinical presentation, physical examination, and 
subsequent imaging workup with different imag-
ing methods available, of which magnetic reso-
nance imaging (MRI) takes a leading role, 
especially in complex uterine malformation 
(Minto et al. 2001; Olpin and Heilbrun 2009). 
For the following descriptions of the specific 
pathologies, we use the ASRM classification sys-
tem and provide definitions of the different types 
of MDA in the imaging section.

2  Imaging

2.1  Technique

Once an MDA is suggested based on evidence 
from patient history and physical examination, 
the next diagnostic step includes different imag-
ing workups in order to detect and specify MDA 
and to guide further treatment options. Before 
ultrasound (US) and MRI were capable of visual-
izing MDA with a high accuracy, imaging of 
MDA was limited to hysterosalpingography 
(HSG) (Krysiewicz 1992), a fluoroscopic spot 
film technique in combination with endoluminal 
filling of the uterine cavity with radiopaque con-
trast agent. Since the diagnostic imaging proper-
ties of MDA include mainly the configuration of 
the endometrial cavity and the external uterine 
contour, HSG is able to depict only certain types 
of MDA, whereas it fails in other cases and stays 
nonspecific for precise diagnosis, the latter 
mainly due to the lack of the visualization of the 
outer uterine contour. Because of this drawback, 
HSG did not provide diagnoses with high degrees 
of confidence and US and MRI soon began to 
play a larger role in assessment and treatment of 
patients. As HSG provides, besides the morpho-
logical, also the functional information of tubal 

Normal uterus I  Hypoplasia/Agenesis II  Unicornuate III  Didelphys

IV  Bicornuate V  Septate VI  Arcuate VII  DES drug-related

Fig. 1 Classification system of Müllerian duct anomalies (American Society for Reproductive Medicine) (1988)
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patency, it may still be used in the primary imag-
ing workup in case of infertility clarification. A 
newer technique using MR for the visualization 
of the tubal patency, the so-called 3D MR-HSG, 
avoids exposure of the ovaries to ionizing radia-
tion and has been found to be a reliable imaging 
alternative to conventional HSG in a couple of 
smaller studies (Winter et al. 2010; Ma et al. 
2012). Nevertheless, it is not widely used due to 
the better availability of saline contrast hystero-
sonography (see below).

Nowadays, the first imaging modality in the 
MDA assessment includes pelvic US (Byrne et al. 
2000; Goldberg et al. 1997) – (1) transabdominal 
US (performed with a 2.5- to 5-Mhz probe) for 
evaluation of the entire abdomen, especially for 
associated renal malformations, and (2) transvag-
inal US (performed with a 5- to 8-Mhz endovagi-
nal probe) for better delineation of the uterus, 
vagina, and ovaries. Hysterosonography, a tech-
nique consisting of transvaginal US with prior 
infusion of saline or ultrasound contrast agent 
into the endometrial canal, further increases the 
delineation of the endometrial cavity. It is per-
formed only for selected indications, i.e., in 
patients with a history of infertility. US is highly 
accurate for the  detection of MDA (Pellerito 
et al. 1992). Newer techniques, such as 3D US 

(Wu et al. 1997; Bermejo et al. 2010), even fur-
ther improved the imaging diagnostics by giving 
better information about the external contour of 
the uterus and its volume.

Magnetic resonance imaging (MRI) is today 
considered standard in the evaluation of MDA 
and accepted as the leading imaging modality for 
further surgical planning (Behr et al. 2012; 
Steinkeler et al. 2009; Robbins et al. 2012). MRI 
provides high-resolution images of the entire 
uterine anatomy (internal and external contour), 
as well as of secondary findings like renal mal-
formations. Among the three major imaging 
methods, MRI has the best accuracy in the evalu-
ation of uterine anomalies and accuracies of up to 
100% have been reported (Pellerito et al. 1992; 
Carrington et al. 1990).

According to the author’s institution’s imag-
ing protocol (Siemens Magnetom Aera, 1.5-Tesla 
MR unit, Siemens Medical; Erlangen, Germany) 
for the assessment of congenital uterine anoma-
lies, MRI of the uterus includes six basic native 
sequences without intravenous contrast using a 
bodyflex phased-array MR surface coil as shown 
in Table 2.

If possible, patients should be scheduled in 
the second half of the menstrual cycle, since the 
thickness of the endometrial stripe increases 

Table 2 MR imaging protocol for assessment of MDA

Sequence Region

Slice 
thickness 
(mm)

Slice 
spacing (%) Matrix TR (ms) TE (ms)

Flip 
angle (°)

Field of 
view (mm)

TRUFISP 
coronal

Abdomen 6 20 256 × 256 3.45 1.73 70 400 × 400

TRUFISP fs 
axial

Abdomen 6 20 256 × 256 4.64 2.32 70 360 × 292

T2 TSE sagittal Pelvis 4 30 384 × 384 4000 90 150 210 × 210

T2 TSE axial 
oblique

Pelvis 4 20 384 × 384 3500 100 150 210 × 210

T2 TSE 
coronal oblique

Pelvis 4 20 384 × 384 3500 100 150 210 × 210

T1 VIBE 
Dixon axial

Pelvis 2.5 20 320 × 320 7.2 2.39 
4.77

12 240 × 240

Exemplary protocol from the authors’ institution, performed on a 1.5 T MR-Unit (Siemens Medical, Germany)
TRUFISP “fast induction steady state potential” gradient sequence; TSE turbo spin echo; also known as FSE fast spin 
echo; VIBE Volumetric Interpolated Breath Hold Examination; TR repetition time; TE time to echo; coronal oblique, 
parallel to the long axis of the uterus; axial oblique, parallel to the short axis of the uterus
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 during the follicular and secretory phase and 
thus the normal zonal anatomy of the uterus can 
be better appreciated. No specific patient prepa-
ration is necessary. It may be debated if the 
application of a tampon by the patient or endo-
vaginal administration of sterile gel prior to the 
examination might be helpful to delineate the 
vaginal lumen in selected cases. Intravenous 
injection of antiperistaltic agents like glucagon 
or scopolamine butylbromide (Buscopan®) can 
be performed to reduce artifacts caused by 
 intestinal motion.

Native axial T1-weighted sequences are 
standard techniques for the assessment of the 
female pelvis. In this patient population with 
suspected MDA, they are mainly performed in 
order not to miss any associated pathologies, 
e.g., ovarian disease or peritoneal implants in 
endometriosis. In addition, the demonstration 
of hemorrhage within the endometrial cavity 
(hematometra) and/or vagina (hematocolpos) 
benefits from T1-weighted imaging. High-
resolution T2-weighted images are most impor-
tant for the assessment of the uterus. Sagittal 
sections are best suited to image the uterus and 
its zonal anatomy. Additional oblique sections 
parallel to the endometrial cavity results in a 

long-axis view, which is most helpful for imag-
ing the fundal contour. An oblique sequence 
obtained perpendicular to the cervical canal 
results in a short-axis view and allows accurate 
assessment of the cervix, i.e., the diagnosis of 
duplication or septation. The protocol further 
includes fast sequences of the upper abdomen 
in axial and coronal orientation to diagnose or 
exclude renal pathology.

2.2  Classes of Müllerian Duct 
Anomalies (MDA)

The percentage distribution of the different MDA 
classes and their influence on reproductive and 
obstetric outcome, as well as their major associa-
tions, are summarized in Table 1.

2.2.1  Class I Anomalies: Dysgenesis
Definition: Dysgenesis (segmental agenesis and 
variable hypoplasia) of the Müllerian ducts 
(uterus and upper two thirds of the vagina) 
(Pittock et al. 2005; Strübbe et al. 1993) (Fig. 2). 
Mayer–Rokitansky–Küster syndrome is the most 
common form of Class I anomaly and includes 
agenesis of uterus and vagina.

a b

Fig. 2 (a–d) Two patients with primary amenorrhea. In both cases, MRI showed a small fibrous uterine remnant 
(arrow), consistent with Mayer–Rokitansky–Küster Syndrome
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c d

Fig. 2 (continued)

2.2.2  Class II Anomalies: Unicornuate 
Uterus

Definition: Unicornuate uterus is the result of 
partial or complete hypoplasia of one Müllerian 
duct (Brody et al. 1998) (Fig. 3).

Unicornuate uterus may be isolated (35%) or 
associated with a contralateral rudimentary horn. 
These rudimentary horns present with or without 
communication to the endometrial cavity and 
may or may not contain endometrium, the latter 
variant being also called no cavity rudimentary 
horn. In patients with cavity noncommunicating 
rudimentary horn, dysmenorrhea and hematome-
tra may occur. Surgical resection to either relieve 
symptomatic pain or to reduce the risk of poten-
tial ectopic pregnancy is justified. As with every 
obstructed system, the risk of endometriosis is 
also increased with a noncommunicating rudi-
mentary horn. Renal malformations are common 
with unicornuate uterus and occur mostly on the 
same side as the rudimentary horn is found.

2.2.3  Class III Anomalies: Uterus 
Didelphys

Definition: Uterus didelphys is the result of complete 
nonfusion of the Müllerian ducts forming a com-
plete uterine duplication with no  communication 

between each other (Carrington et al. 1990; Fedele 
et al. 1989; Fedele et al. 1988) (Fig. 4).

Uterus didelphys may be associated with a lon-
gitudinal (75%) or, more rarely, a transverse vaginal 
septum, the latter causing obstructive hematometro-
colpos of one uterine horn. Renal agenesis might 
occur in these patients and are usually located on 
the same side as the septum. Endometriosis, as a 
result of retrograde menstruation, may also be an 
issue in these conditions. A nonobstructive uterus 
didelphys is usually asymptomatic.

2.2.4  Class IV Anomalies: Bicornuate 
Uterus

Definition: Bicornuate uterus is the result of 
incomplete fusion of the cranial parts of the 
Müllerian ducts (Pellerito et al. 1992; Toaff et al. 
1984) (Fig. 5).

Two uterine cavities with normal zonal anat-
omy can be depicted. The leading imaging fea-
ture is a fundal cleft greater than 1 cm of the 
external uterine contour that helps to distinguish 
bicornuate uterus from septate uterus.

Bicornuate uterus occurs with wide variability. 
Extension of the intervening fundal cleft to the 
internal cervical os characterizes the complete 
bicornuate uterus with a single cervix (bicornuate, 
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a b

Fig. 3 (a–d) A 28-year-old female patient with infertility. 
HSG (a) shows a fusiform “banana-shaped” configuration 
of one small endometrial cavity (arrows) that is deviated 
to the right and drains into one fallopian tube. Note the 
absence of the normal triangular appearance of the fundal 
cavity. This configuration is highly suggestive of the pres-
ence of a unicornuate uterus. Iatrogenic filling defects in 
the uterine cavity by air bubbles. Oblique T2-weighted 

MR images (b, c) and coronal T2-weighted MR image (d) 
confirm the diagnosis of a unicornuate uterus with the 
presence of a small elongated uterus that shows normal 
zonal anatomy (arrows). A rudimentary horn with low 
signal intensity and no zonal anatomy – thus correspond-
ing to a rudimentary horn with no endometrium – can be 
depicted on the right side (arrowheads). No surgical 
resection is needed in this case
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Fig. 4 (a, b) A 14-year-old female patient with abdominal 
pain. MRI shows uterine fusion anomaly with two separate 
cavities, the right one markedly dilated (asterisk) due to 
retention of blood caused by an obstructing septum ((a): 
axial T1-weighted image with fat suppression; (b, c): axial 

and coronal T2-weighted images); the left cavity shows a 
normal zonal anatomy (arrow). Coronal TRUFISP shows 
associated agenesis of the right kidney (d). Schematic 
drawing shows uterus didelphys with an obstructing sep-
tum on the right side (medical illustrator: W. Herzig) (e)

a

c d

b
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unicollis uterus), whereas variants of partial 
bicornuate uterus exist if the cleft is of variable 
length. Bicornuate uterus may be associated with 
a duplicated cervix (bicornuate bicollis uterus), as 
well as with a longitudinal vaginal septum that 
coexists in up to 25% of bicornuate uterus. 
Nevertheless, a degree of communication is 
always present between both uterine cavities. Still 
controversial is the need for surgical intervention, 
and it is probably only necessary in  specific cases. 
A higher rate of cervical incompetence seems to 
be associated with bicornuate uterus.

a

c d

b

Fig. 5 (a–d) MRI in a 29-year-old female patient shows uterus didelphys with two separate uterine cavities, cervices, 
and upper part of the vagina (arrows) without an associated obstructing septum

e

Fig. 4 (continued)
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Fig. 6 (a–d) A 17-year-old female patient. Transvaginal 
US (a) depicts two endometrial cavities (arrows) in the 
coronal plane consisting of a hyperechogenic endometrial 
stripe and a hypoechogenic myometrial layer. An interven-
ing external fundal cleft was visible during the examina-
tion by interactively turning the image plane (arrowheads). 
The highly suspected presence of a bicornuate uterus was 

confirmed by MR with a coronal T2-weighted image (b) 
showing two uterine cavities (arrows) separated by a deep 
external fundal cleft (arrowheads). In the same image 
plane, the separation of both cavities (arrows) are visible 
to the level of the internal cervical os (c) before they con-
join to one single cervix (d) as shown in a T2-weighted 
axial image (bicornuate, unicollis uterus)

2.2.5  Class V Anomalies: Septate 
Uterus

Definition: Septate uterus is the result of partial 
or complete nonregression of the midline 
 uterovaginal septum (Pellerito et al. 1992; 
Carrington et al. 1990; Fedele and Bianchi 1995; 
Fedele et al. 1996; Reuter et al. 1989; Valle 1996) 
(Fig. 6). The main imaging feature is that the 
external contour of the uterine fundus may be 
either convex or mildly concave (<1 cm) and not 
with a cleft greater than 1 cm, the latter defining 
a bicornuate or didelphic uterus (Homer et al. 
2000; Carrington et al. 1990) (Fig. 7).

Septate uterus is the most common Müllerian 
duct anomaly and is unfortunately associated with 
the poorest reproductive outcome. Because of dif-
ferent treatment options, septate uterus must be 
differentiated from bicornuate and didelphic 
uterus. A widely accepted definition therefore – 
empirically invented during laparoscopy proce-
dures – states that a uterus is septate if the outer 
contour of the uterine fundus is only mildly con-
cave in the presence of a septum. The cutoff of 
concavity is 1 cm; deeper concavity is associated 
with bicornuate uterus and uterus didelphys. In a 
complete septate uterus, the septum extends to the 
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a b

Fig. 7 (a, b). A 21-year-old female patient with infertil-
ity. (a) Coronal T2-weighted MR image demonstrates an 
uterine contour with mild external fundal cleft (arrow-
head), as well as a hypointense thin septum dividing the 

endometrial cavity at the level of the uterine body and 
cervix (arrows). (b) Axial T2-weighted image shows  
the extension of the longitudinal septum to the external 
cervix os

external cervical os. In 25% of septate uteri, the 
septum extends even further into the upper part of 
the vagina.

Obstetric outcome seems not to be correlated 
with the length of the septum. The septum may 
be composed of muscle or fibrous tissue and is 
not a reliable means of distinguishing septate 
and bicornuate uteri. Resection of the septum by 
hysteroscopic metroplasty is indicated and may 
improve the reproductive outcome significantly.

2.2.6  Class VI Anomalies: Arcuate 
Uterus

Definition: Arcuate uterus is the result of a near 
complete regression of the uterovaginal septum 
forming a mild and broad, saddle-shaped inden-
tation of the fundal endometrium (Buttram and 
Gibbons 1979) (Fig. 8).

Differentiation from bicornuate uterus is 
based on the complete fundal unification; how-
ever, a partial septate uterus with a broad-based 
muscular septum is difficult to distinguish from 
an arcuate uterus. There is much controversy as 
to whether an arcuate uterus should be 

 considered a real anomaly or an anatomic vari-
ant. Reports finding a higher risk of second-
term miscarriage mostly used suboptimal 
diagnostic tests like two-dimensional ultra-
sound or HSG, while studies relying upon more 
accurate  methods could not reproduce these 
results (Chan et al. 2011a). Fact is that MRI 
may detect this abnormality, but typically, it is 
not clinically relevant because arcuate uterus 
has no proven significant negative effects on 
pregnancy outcome.

2.2.7  Class VII Anomalies
DES-exposed uterus. DES (synthetic estrogen, 
diethylstilbestrol, 1948–1971) may induce 
abnormal myometrial hypertrophy in the fetal 
uterus forming small T-shaped endometrial cavi-
ties (Rennell 1979), as well as increase the risk 
of developing a clear cell carcinoma of the 
vagina (Herbst et al. 1971; Hatch et al. 1998). 
The characteristic uterine abnormalities must be 
categorized in the group of complex uterine 
anomalies and may occur with or without the 
exposure of DES.
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1  Background

1.1  Uterine Leiomyomas

1.1.1  Epidemiology
Leiomyomas, or leiomyomas, are the most com-
mon benign tumors of the uterus. The incidence of 
leiomyomas is difficult to estimate and frequencies 
reported in the literature range between 25 and 
50%. In autopsy studies, leiomyomas of the uterus 
have been found in up to 77% of women (ACOG 
1994; Buttram and Reiter 1981; Cramer and Patel 
1990). Only about one-third of affected women 
have leiomyomas that become clinically apparent 
before menopause. Leiomyomas may cause abnor-
mal menstrual bleeding (menorrhagia with second-
ary anemia, dysmenorrhea, sensation of increased 
abdominal girth) or pelvic pressure due to their 
mass effect (urinary urgency, constipation, pelvic 
pain, dyspareunia). Finally, leiomyomas of the 
uterus are also implicated in female infertility and 
are the most common indication for hysterectomy 
in Western industrialized countries. In the USA, 
430,000 hysterectomies were performed in 2010 
most commonly for leiomyomas (40.7%) and 
endometriosis (17.7%) (Wright et al. 2013).

Leiomyomas are smooth muscle tumors of the 
uterus that are influenced by steroid hormones and 
develop in women of reproductive age. They do 
not occur before puberty and leiomyoma- related 
symptoms become less severe or resolve alto-
gether with the onset of menopause as a result of 
decreasing levels of steroid hormones (estrogen, 
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progesterone) and cessation of the menstrual 
cycle. However, women on hormone replacement 
therapy may suffer from leiomyoma-related com-
plaints even after the sixth decade of life (Reed 
et al. 2004). Hormonal stimulation during preg-
nancy can lead to considerable growth of leiomyo-
mas and spontaneous infarction (Coronado et al. 
2000; Hasan et al. 1991). Uterine leiomyomas are 
more common in black women compared with 
Caucasians or Asians. A black woman has a two to 
three times higher relative risk of developing leio-
myomas than a white woman (Marshall et al. 
1997). Reproductive factors also play a role. 
Leiomyomas are two times more common in nul-
liparous women as compared with women who 
have given birth and multiple pregnancies reduce 
the risk further (Parazzini et al. 1988; Samadi et al. 
1996; Ross et al. 1986). Other factors associated 
with an increased risk (early menarche and late 
menopause, obesity, tamoxifen therapy) or reduced 
risk (smoking, low-meat diet) of leiomyoma 
development have been described (Flake et al. 
2003; Faerstein et al. 2001; Stewart et al. 2017).

1.1.2  Pathogenesis
Uterine leiomyomas are monoclonal tumors aris-
ing from the myometrium. Genetic factors, ste-
roid hormones, and growth factors play a role in 
the development and growth of uterine leiomy-
oma. Two mechanisms involved in the develop-
ment of leiomyomas can be distinguished: the 
initial neoplastic transformation of normal myo-
cytes and the further increase in size under the 
influence of hormones and growth factors (Flake 
et al. 2003; Schwartz 2001). While only little is 
known about the initial stimulus, it is undisputed 
that leiomyomas exhibit a variety of characteris-
tic changes of the karyotype which give rise to a 
similar phenotype whose further growth occurs 
via clonal expansion (Townsend et al. 1970; 
Hashimoto et al. 1995). Recently, the discovery 
of stem cells and their paracrine interactions with 
more differentiated cell populations within leio-
myoma has led to an increasing body of evidence 
supporting the hypothesis that uterine fibroids 
originate from stem cells in the myometrium 
(Mas et al. 2012; Ono et al. 2012). Estrogen and 
progesterone promote the development of leio-

myomas whereas growth factors are assumed to 
act as mediators or effectors of these steroid hor-
mones in leiomyomas (Flake et al. 2003; 
Friedman et al. 1990). Estrogens are assigned a 
central role both in the development of leiomyo-
mas and with regard to local effects resulting 
from a so-called leiomyoma-related hyperestro-
genic environment. Compared to normal myome-
trium, leiomyoma tissue is more sensitive to 
estradiol, has more estrogen receptors, and has an 
increased aromatase activity, which enhances the 
synthesis of estrogens within the leiomyomas 
(Lumsden et al. 1989; Sadan et al. 1987; Tamaya 
et al. 1985; Shozu et al. 2004). Finally, glandular 
hyperplasia of the endometrium has been demon-
strated in the immediate vicinity of submucosal 
leiomyomas and is attributed to the effect of local 
hyperestrogenism (Buttram and Reiter 1981). 
Traditionally, estrogens were assumed to have 
the most important role in leiomyoma growth. 
Alternatively, it has been hypothesized that pro-
gesterones have a crucial role as it has been 
observed that the highest progesterone levels that 
occur during the secretory phase of the uterus 
coincide with the highest mitotic rate in leiomyo-
mas (Kawaguchi et al. 1989; Rein et al. 1995).

1.1.3  Histopathology
Leiomyomas are benign tumors composed of uter-
ine smooth muscle cells. They typically develop in 
the uterine corpus or fundus but may also originate 
in the cervix (<8%) or rarely in the supporting struc-
tures of the uterus such as the broad ligament. 
So-called parasitic leiomyomas are no longer con-
tiguous with the uterus and develop an atypical 
blood supply (Lurie et al. 1991; Yeh et al. 1999). 
Two-thirds of affected women have multiple leio-
myomas. The majority of leiomyomas are round 
lesions with a well- defined margin (Fig. 1). Growing 
leiomyomas displace the surrounding tissue, giving 
rise to a pseudocapsule of condensed myometrium, 
which allows surgical enucleation of the tumors. 
Macroscopically, the cut surface of leiomyomas has 
a whorl-like appearance. Histologically, leiomyo-
mas are made up of intertwined smooth muscle cells 
arranged in fascicles forming whorl-like patterns 
(Fig. 2). These smooth muscle cells are embedded in 
a stroma of collagen fibers. Microscopically, the 
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 uniform cells have cigar- shaped nuclei and an eosin-
ophilic fibrillary cytoplasm. The majority of leio-
myomas show higher cell density than the 
surrounding myometrium. Mitosis and atypia are 
not found in leiomyomas. Histologically, different 
subtypes are distinguished, of which cellular and 
myxoid leiomyoma as well as lipoleiomyoma can 
also be differentiated by magnetic resonance imag-
ing. Rare manifestations are diffuse leiomyomatosis 
of the uterus and forms that extend beyond the 

uterus. The latter comprise benign metastatic leio-
myomatosis, peritoneal disseminated leiomyomato-
sis, and intravenous leiomyomatosis (Ueda et al. 
1999; Robboy et al. 2000; Suginami et al. 1990; 
Hayasaka et al. 2000). Diffuse leiomyomatosis 
(Fig. 3) is characterized by the presence of many 
small ill-defined leiomyomas that may be confluent. 
The tumors are found throughout the myometrium 

Fig. 1 Macroscopic pathology of leiomyoma. Macroscopic 
uterine specimen showing a single intramural leiomyoma 
in the wall of the uterine corpus abutting the endometrial 
cavity and deforming the outer contour of the uterus. A sur-
rounding pseudocapsule of compressed myometrium can 
also be depicted

Fig. 2 Histopathology 
of uterine leiomyoma. 
H&E-stained section of 
a leiomyoma specimen 
showing monomorphic 
smooth muscle cells 
arranged in fascicles 
forming whorl-like 
patterns

Fig. 3 Macroscopic pathology of diffuse leiomyomatosis 
of the uterus. Macroscopic uterine specimen showing mul-
tiple ill-defined leiomyomas throughout all uterine layers 
ranging from millimeters to several centimeters in size. 
The leiomyomas are partially confluent and have replaced 
almost the entire normal myometrium, a condition also 
known under the term of (diffuse) leiomyomatosis
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and cause  symmetrical enlargement of the uterus 
(Mulvany et al. 1995; Robles-Frias et al. 2001).

Another factor contributing to the very hetero-
geneous imaging appearance of uterine leiomyo-
mas is the presence of degenerative changes. 
Leiomyomas undergo degeneration when the 
tumors outgrow their blood supply. Typical 
degenerative changes such as hyaline degenera-
tion, which is present in over 60% of leiomyomas, 
as well as hemorrhagic (red), myxoid, and (rare) 
cystic degeneration (4%) can be differentiated by 
MRI (Zaloudek and Hendrickson 2002). Other 
typical changes are amorphous or plaque- like cal-
cifications, which are present in 3–8% of leiomy-
omas (Casillas et al. 1990). Most of the leiomyoma 
subtypes that can be distinguished histologically 
or by imaging as well as the degenerative changes 
outlined above have no clinical relevance for ther-
apeutic decision making. An exception is hemor-
rhagic infarction of a leiomyoma during 
pregnancy, which is identified by MRI in a 
straightforward manner (Hasan et al. 1991). 
Criteria that are being used for the differentiation 
of leiomyosarcoma from leiomyomas are an 
increased mitosis rate, the presence of cytologic 
atypia, as well as the presence of coagulation 
necrosis with or without intralesional hemorrhage 
(Bell et al. 1994; Jones and Norris 1995; Goto 
et al. 2002; Kawamura et al. 2002; Hanley et al. 
2017). Hemorrhage and necrosis within leiomyo-
mas only occur in the rare cases of spontaneous or 
pregnancy-related hemorrhagic infarction but are 
common early after interventional therapy by 
means of uterine artery embolization (UAE). 
Postinterventional hemorrhage and necrosis may 
in this setting affect large portions or the whole 
leiomyoma (Weichert et al. 2005).

1.1.4  Clinical Presentation
Leiomyomas of the uterus are rare below the age of 
30. They usually become manifest during the 
fourth to six decade of life. Typical symptoms are 
excessive and/or prolonged menstrual bleeding 
(hypermenorrhea and menorrhagia). Bleeding 
between periods or irregular bleeding may be 
observed in patients with pedunculated  submucosal 
leiomyomas but is not characteristic and therefore 
requires diagnostic evaluation of the endometrium 

(endometrial biopsy, dilatation, and curettage). 
Women with heavy periods frequently develop 
iron-deficiency anemia. Other frequently reported 
complaints are bulk symptoms manifesting as a 
premenstrual sensation of fullness (increased 
abdominal/pelvic girth), urinary urgency, and indi-
gestion. Affected women usually complain of pain-
ful periods (dysmenorrhea), and less common is 
unspecific pain radiating into the flank or the back 
or pain during intercourse (dyspareunia). These 
symptoms alone are not characteristic of uterine 
leiomyomas and must be interpreted in conjunction 
with a patient’s history and imaging findings.

The patient’s symptoms vary with the location 
and size of the leiomyomas. For example, submu-
cosal leiomyomas can cause severe menstrual 
bleeding even when they are very small. In women 
with this type of leiomyoma, abnormal menstrual 
bleeding has been attributed to ulceration and 
thinning of the endometrium over the leiomyoma 
due to compression, reduced uterine contractility, 
and congestion of endometrial veins. Intramural 
leiomyomas are associated with an especially 
high incidence of abnormal and painful menstrual 
bleeding. Although location has been suggested 
to influence symptoms objective evidence for this 
is limited and there is no consistent relationship 
between symptoms and size and location of leio-
myoma (Hapangama and Bulmer 2016).

In patients presenting with dysmenorrhea as 
the leading clinical symptom, the examiner 
should always consider uterine adenomyosis and 
endometriosis in the differential diagnosis 
(Zacharia and O’Neill 2006). Subserosal leiomy-
omas can become very large without causing any 
symptoms. Compression of the intestine and uri-
nary bladder with urinary frequency or urgency 
and abdominal bloating around periods are more 
commonly associated with subserosal leiomyo-
mas. Moreover, there is some evidence suggest-
ing that symptoms are not only due to merely 
mechanical local effects but that additional fac-
tors associated with specific biological activities 
of the leiomyomas also play a considerable role. 
Such functional factors influence the subendome-
trial vascular bed through dysregulation of 
growth and angiogenic factors and are primarily 
implicated to cause leiomyoma-related abnormal 
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menstrual bleeding (Stewart and Nowak 1996; 
deSouza and Williams 2002).

The impairment of quality of life caused by 
leiomyoma-related problems and the measurable 
loss of economic productivity due to absence 
from work are considerable.

In a national survey study conducted in the 
USA it was reported that women waited an aver-
age of 3.6 years before seeking treatment for 
leiomyomas and 28% of employed respondents 
reported missing work due to leiomyoma symp-
toms (Borah et al. 2013).

For the USA it has been estimated that at least 
5 million workdays are lost per year due to leio-
myomas and that the annual treatment cost 
amounts to US$ 3 billion (Greenberg and 
Kazamel 1995). The high incidence of leiomyo-
mas and its socioeconomic implications as well 
as individual loss of quality of life are in sharp 
contrast to our still limited understanding of the 
pathogenesis of uterine leiomyomas and inade-
quate therapeutic options. A lack of research into 
the epidemiology, pathogenesis, and pathophysi-
ology of leiomyomas of the uterus as well as their 
“benign nature” are the most important factors 
that have so far inhibited the search for alterna-
tive therapeutic options to replace the radical sur-
gical approach of hysterectomy (Myers et al. 
2002). Surgical removal of the uterus continues 
to be the most widely used therapeutic approach 
in patients with symptomatic leiomyomas. In 
Western industrialized countries, uterine leiomy-
omas are the most frequent indication for removal 
of the uterus, accounting for 175,000 hysterecto-
mies per year in the USA alone (Wright et al. 
2013). Women are increasingly asking for alter-
native nonsurgical, uterus-sparing therapies and 
research and scientific evaluation of alternative 
therapeutic options such as uterine artery emboli-
zation have markedly increased over the last two 
decades (Borah et al. 2013; ACOG 2001).

1.1.5  Therapy

1.1.5.1 Indications
Treatment of uterine leiomyomas is indicated 
when they cause symptoms (American College 
of Obstetricians and Gynecologists 2008) while a 

wait-and-see approach is in order in women with-
out symptoms. Whether treatment is indicated or 
not does not depend on the size of the uterus or 
that of individual leiomyoma tumors since there 
is no evidence that marked enlargement of the 
uterus is associated with an increased surgical 
morbidity. Traditionally, rapid growth of a leio-
myoma has been interpreted as a sign of malig-
nancy (leiomyosarcoma) while the results of 
larger studies do not confirm this assumption 
(Leibsohn et al. 1990; Parker et al. 1994). A rela-
tive indication for treating asymptomatic leio-
myomas exists in women who want to conceive 
and have a history of miscarriage and proven 
leiomyoma-related deformity of the uterine cav-
ity. In these cases treatment may be indicated 
because the leiomyomas can interfere with pla-
centation and pregnancy is associated with addi-
tional risks (Hasan et al. 1991; Phelan 1995; 
Pritts 2001; Rice et al. 1989). A systematic 
review, however, concluded that there is no con-
clusive evidence that intramural or subserosal 
leiomyomas adversely affect fecundity and good 
maternal and neonatal outcomes are expected in 
pregnancies with uterine leiomyomas (Klatsky 
et al. 2008).

1.1.5.2 Medical Therapy and Ablation
Medical therapy is usually symptomatic and aims 
to relieve leiomyoma-related abnormal menstrual 
bleeding (hypermenorrhea, menorrhagia), dys-
menorrhea, and bulk symptoms. Oral  contraceptives 
of different hormonal composition and nonsteroi-
dal anti-inflammatory drugs with analgesic and 
antifibrinolytic effects are used although evidence 
for their long-term effectiveness in treating uterine 
leiomyomas is not available (Myers et al. 2002; 
Stewart 2001). Moreover, there is no data demon-
strating a growth-reducing effect of oral contracep-
tives. These therapeutic options are used in the 
routine clinical setting to bridge the time until 
definitive therapy is performed. Treatment with 
GnRH analogues improves leiomyoma-related 
symptoms and leads to a transient reduction of leio-
myoma size. Maximum size reduction is seen after 
about 3 months of treatment. Once GnRH ana-
logues are discontinued, however, leiomyomas will 
again increase in size. This is why GnRH  analogues 
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are given only to reduce leiomyoma size prior to 
surgery (Ylikorkala et al. 1995). GnRH adminis-
tration is also beneficial to minimize blood loss in 
case of larger leiomyomas or for the transient 
treatment of anemia resulting from heavy men-
strual bleeding. However, GnRH treatment causes 
softening of leiomyomas, which is a disadvantage 
for surgical enucleation. Progesterone receptor 
modulators (PRMs) have recently demonstrated 
effectiveness for intermittent treatment of symp-
tomatic uterine leiomyomas (Donnez et al. 2012, 
2014, 2015).

The severity of menstrual bleeding can be 
reduced by insertion of a levonorgestrel- 
releasing intrauterine device (IUD) (Mercorio 
et al. 2003; Wildemeersch and Schacht 2002). 
The effect of such IUDs is based on the local 
activity of continuously released progesterone, 
which effectively suppresses the endometrium. 
A recent systematic review concluded that 
levonorgestrel- releasing intrauterine systems 
could decrease uterine volume and endometrial 
thickness and reduce menstrual blood loss and 
increase blood hemoglobin, ferritin, and hema-
tocrit levels significantly. However, no evi-
dence for decreasing uterine leiomyoma 
volume was found (Jiang et al. 2014). It is 
known that an IUD for the treatment of hyper-
menorrhea has a higher failure rate in the pres-
ence of submucosal leiomyomas (Wildemeersch 
and Schacht 2002).

Endometrial ablation is a permanent and inva-
sive therapeutic option which relieves excessive 
menstrual bleeding in 62–79% of cases (Soysal 
et al. 2001). Thermoablation of the endometrium 
is performed using a balloon or roller ball tech-
nique and a hysteroscopic access. The success of 
endometrial ablation in the presence of leiomyo-
mas is small because not the entire endometrium 
is accessible in women with multiple leiomyo-
mas because of enlargement and deformity of the 
uterine cavity.

1.1.5.3 Surgical Therapy
Hysterectomy is a definitive cure in patients with 
a symptomatic multileiomyoma uterus. Both 
abdominal and vaginal hysterectomy is associ-
ated with a low mortality and morbidity. However, 

given that uterine leiomyomas are benign lesions, 
the large number of hysterectomies performed 
worldwide to treat this condition appears to be 
disproportionate (Broder et al. 2000; Stewart 
et al. 2012). As an alternative to hysterectomy, 
uterus-sparing operative, ablative, and interven-
tional radiological procedures are available, 
depending on location and size of leiomyomas 
present, the patient’s age, desire to have children, 
and personal preferences.

Depending on their location, leiomyomas 
can be resected or enucleated using a hystero-
scopic or laparoscopic access or open laparot-
omy. Hysteroscopic resection is suitable to 
remove submucosal leiomyomas. Hysteroscopic 
resection is generally considered unsuitable for 
submucosal leiomyomas larger than 5 cm in 
size, if more than three leiomyomas are present, 
or if the uterine cavity is very large (length of 
uterine probe >12 cm). Moreover, the size of 
the intramural component is a risk factor of the 
hysteroscopic resection because the risk of per-
foration increases when the residual myome-
trium is thin (Wamsteker et al. 1993). A 
laparoscopic access is used to remove visible 
subserosal and intramural leiomyomas in com-
bination with reconstruction of the uterus. This 
approach is unsuitable in the presence of very 
large leiomyomas or a markedly enlarged uterus 
because these factors limit the use of the lapa-
roscope and visibility. Using the laparoscopic 
approach, multiple leiomyomas can be enucle-
ated in one session. Only visible leiomyomas 
can be removed while intramural tumors are not 
easily accessible to laparoscopic removal. 
Incision of the uterine cavity necessary for the 
removal of transmural leiomyomas is consid-
ered a disadvantage because it is associated 
with the risk of synechia. Adhesions are 
observed in 33–54% of patients following lapa-
roscopic interventions (Hasson et al. 1992; 
Dubuisson et al. 1998; Malzoni et al. 2003). 
The risk of recurrence after laparoscopic leio-
myoma removal is between 21 and 50% in 
women followed up for up to 5 years (Doridot 
et al. 2001; Radosa et al. 2014). (Mini-) 
Laparotomy is primarily used in patients with 
one or more large leiomyomas, which are 
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removed using an adjusted abdominal incision. 
The perioperative risks of laparotomy are com-
parable to those of hysterectomy while the rate 
of adhesions may be as high as 90% (Sawin 
et al. 2000; Tulandi et al. 1993). The reported 
recurrence rate after abdominal myomectomy 
is 10% within 5 years and up to 27% after 
10 years. One-third of the patients with recur-
rent leiomyomas will ultimately undergo hys-
terectomy (Candiani et al. 1991; Fauconnier 
et al. 2000).

1.1.5.4 Uterine Artery Embolization (UAE)
Uterine artery embolization (UAE) is an estab-
lished technique that has been used to stop life- 
threatening vaginal hemorrhage in women with 
malignancy, postpartum uterine atony, or trau-
matic injury since the mid-1970s (Margolies 
et al. 1972; Goldstein et al. 1975; Athanasoulis 
et al. 1976; Higgins et al. 1977; Brown et al. 
1979). The first successful treatment of symp-
tomatic leiomyomas of the uterus by UAE was 
reported by Ravina et al. in 1994 (Ravina et al. 
1994).

Embolization of the uterine artery induces 
infarction of leiomyomas while uterine perfusion 
is maintained (Katsumori et al. 2001; McCluggage 
et al. 2000). Infarction leads to coagulation 
necrosis and subsequent complete hyalinization 
of the leiomyomas (Weichert et al. 2005; 
McCluggage et al. 2000; Colgan et al. 2003). 
Further transformations cause softening and 
shrinkage of the tumors. Follow-up for 3–24 
months has shown that there is an average size 
reduction of the uterus of 23–60% while the 
dominant leiomyoma decreases by 42–78% on 
average. Progressive shrinkage of the leiomyo-
mas has been documented for a period of 12 
months (Kroncke et al. 2005; Brunereau et al. 
2000; Hutchins et al. 1999; McLucas et al. 2001a; 
Prollius et al. 2004; Pron et al. 2003; Spies et al. 
2001a; Walker and Pelage 2002). Several studies 
provide evidence for a relief of bleeding-related 
symptoms in 80–100% of patients and a regres-
sion of bulk symptoms in 60–100% of patients 
followed up for 3–60 months (Kroncke et al. 
2005; Brunereau et al. 2000; Hutchins et al. 
1999; McLucas et al. 2001a; Prollius et al. 2004; 

Pron et al. 2003; Spies et al. 2001a; Walker and 
Pelage 2002; Andersen et al. 2001; Katsumori 
et al. 2002). Studies comparing UAE with hyster-
ectomy and myomectomy in the treatment of 
symptomatic uterine leiomyomas suggest that 
UAE has a similar success rate in terms of symp-
tom relief and patient satisfaction while it has a 
lower complication rate and shorter recovery 
period as compared with the surgical procedures 
(Razavi et al. 2003; Broder et al. 2002; Spies 
et al. 2004a; Mara et al. 2005). These results are 
confirmed by two randomized studies (Pinto 
et al. 2003; Hehenkamp et al. 2005). Long-term 
results after UAE are limited but the available 
data suggests that permanent improvement of 
symptoms can be expected in two-thirds of 
women (Broder et al. 2002; Spies et al. 2005a; 
Scheurig-Muenkler et al. 2011). Complications 
during the intervention are extremely rare 
(Spies et al. 2002a; Kroncke et al. 2004). 
Following UAE, 5–10% of the patients report 
vaginal discharge with or without tissue pas-
sage and expulsion of infarcted leiomyomas 
may occur (Kroencke et al. 2003; Park et al. 
2005; Berkowitz et al. 1999; Abbara et al. 
1999). Leiomyoma expulsion occurs weeks to 
months after the intervention and may neces-
sitate administration of antibiotics and pain 
medication if complicated by superinfection 
and in rare cases surgically assisted removal or 
hysteroscopic resection (Hutchins et al. 1999; 
McLucas et al. 2001a; Spies et al. 2001a). 
Transient amenorrhea persisting for up to 
three cycles is not unusual while permanent 
amenorrhea is rare and occurs more commonly 
in patients above 45 years old than in younger 
ones (Walker and Pelage 2002; Chrisman et al. 
2000; Tropeano et al. 2004). UAE can be per-
formed in patients with single or multiple leio-
myomas but, based on current knowledge, 
patients who wish to preserve their fertility 
should be treated by UAE only if alternative, 
uterus-sparing therapeutic approaches have been 
attempted or are not an option. All uterus-sparing 
therapeutic approaches share the risk of newly 
occurring leiomyomas and may require repeat 
interventions or hysterectomy due to complica-
tions of surgical or interventional treatment.
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1.1.5.5 Magnetic Resonance-Guided 
Focused Ultrasound
Magnetic resonance-guided focused ultrasound 
(MRgFUS) is an image-guided therapy whereby 
ultrasound energy is used to heat and destroy tis-
sue. In a randomized placebo-controlled trial 
MRgFUS demonstrated efficacy in symptom and 
volume reduction and improvement in quality of 
life (Jacoby et al. 2016). MRgFUS requires proper 
patient selection since technical restrictions exist 
which subsequently limit its application. This 
includes leiomyoma characteristics (leiomyoma 
number, location, distance to the skin or to the 
sacral bone, signal intensity) and obstacles to the 
ultrasound beam among others. A high variability 
regarding eligibility for MRgFUS is reported 
(range: 14–74% of women with leiomyomas) 
(Pron 2015). In the largest trial using MRgFUS to 
treat symptomatic leiomyomas, symptom reduc-
tion and rate of re- intervention were correlated to 
the degree of ablation as measured by the non-
perfused volume (Stewart et al. 2007). Reported 
complication rate in clinical cohort studies involv-
ing 1594 patients was 1.6% (Pron 2015). Long-
term data on safety and efficacy and comparative 
evidence are still lacking.

2  Adenomyosis of the Uterus

2.1  Epidemiology

Adenomyosis (endometriosis genitalis interna) 
of the uterus affects premenopausal women and 
is predominantly seen in multiparous women and 
women over 30 years of age (Parazzini et al. 
1997; Azziz 1989). Because its symptoms are 
unspecific, adenomyosis rarely comes to clinical 
attention, which is why the incidence of this uter-
ine condition is underestimated (Azziz 1989). 
Until recently, the diagnosis was established 
almost exclusively after hysterectomy. Histologic 
examination of hysterectomy specimens demon-
strates adenomyosis in 19–63% of cases (Azziz 
1989). Adenomyosis often occurs in conjunction 
with leiomyomas and endometriosis (endometri-
osis genitalis externa et extragenitalis) (Zacharia 
and O’Neill 2006; Kunz et al. 2005).

2.2  Pathogenesis

Adenomyosis is a nonneoplastic condition which 
results from the dislocation of basal endometrial 
glands and stroma into the underlying myome-
trium (Ferenczy 1998). It has been shown that 
adenomyosis progresses with age, suggesting 
that there is continuous progression from superfi-
cial to deep myometrial involvement (Kunz et al. 
2000). The dislocated endometrial glands in ade-
nomyosis do not undergo cyclic changes, which 
has been attributed to the predominance of the 
zona basalis in these glands (Azziz 1989). The 
mechanism underlying the dislocation of basal 
endometrium is largely unknown. Estrogen- 
mediated and mechanical effects seem to play a 
role. Since adenomyosis is seen predominantly in 
parous women, a breakdown of the basal layer of 
the endometrium and myometrium due to post-
partum endometritis has also been proposed as a 
possible cause (Siegler and Camilien 1994). 
Tissue injury and repair at large have been postu-
lated as primary events in the disease process 
(Leyendecker et al. 2015).

2.3  Histopathology

Adenomyosis presents morphologically as focal 
areas or diffuse involvement of the uterus. Grossly, 
the cut surface is characterized by a whorled tex-
ture which results from the irregular trabecula-
tions of the thickened myometrium (Fig. 4). 
Another common feature is cyst-like lesions. 
Hemorrhagic foci within the myometrium may be 
seen as well on gross inspection. The diagnosis is 
based on the histologic demonstration of dis-
persed endometrial glandular tissue in the myo-
metrium and requires the presence of at least one 
glandular nest at a depth of more than 2.5 mm or 
one-half of a low-power field (X 100) within the 
myometrium measured from the endomyometrial 
junction (Zaloudek and Hendrickson 2002). The 
islets of glandular tissue are surrounded by hyper-
trophied myometrium (Fig. 5). Pathologically a 
superficial form of adenomyosis which only 
involves the inner myometrium can be differenti-
ated from deep-infiltrating adenomyosis which 
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considerably enlarges the uterine wall due to 
smooth muscle hyperplasia adjacent to deep-infil-
trating endometrial glands (Ferenczy 1998).

2.4  Clinical Presentation

The clinical presentation of adenomyosis is 
unspecific and includes symptoms such as dys-
menorrhea, menorrhagia, and pelvic pain, which 
are also common in disorders like dysfunctional 

bleeding, leiomyoma, and endometriosis. The 
uterus is frequently enlarged in women with ade-
nomyosis but not distorted in its shape like with 
uterine leiomyoma. Women with superficial or 
focal adenomyosis may be asymptomatic in con-
trast to women with extensive disease in whom 
the uterus usually is also markedly enlarged. The 
depth of involvement of the uterine wall corre-
lates to some degree with clinical symptoms 
(Benson and Sneeden 1958; Bird et al. 1972; 
McCausland 1992). Dysmenorrhea has been 

a b

Fig. 4 Macroscopic pathology of adenomyosis of the 
uterus. (a) Macroscopic uterine specimen showing focal 
adenomyosis. A thickened anterior uterine wall with 
broadening of the myometrium as well as irregular myo-
metrial trabeculations and multiple micro-cysts are 

 visible. (b) Magnified area of the anterior uterine wall 
showing coarse trabeculation of the myometrium without 
a mass lesion and small brownish cysts corresponding to 
hemorrhagic foci of dislocated endometrial glands

Fig. 5 Histopathology 
of adenomyosis of the 
uterus. Dislocated 
endometrial glands are 
surrounded by 
hypertrophied 
myometrium 
(reproduced with 
permission from 
Keckstein J, Ulrich U 
(2004) Gynäkologische 
Endokrinologie. 
Springer Verlag, Berlin 
Heidelberg New York, 
2:11–18)
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reported to be more frequent when involvement of 
the myometrium by adenomyosis exceeds 80% of 
the diameter of the uterine wall (Nishida 1991).

2.5  Therapy

Hysterectomy is still considered the definitive 
treatment in patients with symptomatic adeno-
myosis. However, less invasive therapeutic 
options should be considered initially taking into 
account the patient’s age, symptom severity, and 
desire of future fertility as well as the presence of 
associated disorders such as leiomyomas and 
endometriosis. Symptom relief can be achieved 
with nonsteroidal anti-inflammatory drugs but 
suppression of the endometrium may be needed. 
A broad range of suppressive hormonal treat-
ments are applied which induce regression of 
adenomyosis and improve symptoms (Pontis 
et al. 2016). Intrauterine devices (IUD) which 
release levonorgestrel have been shown to be 
effective in controlling menorrhagia caused by 
adenomyosis although symptoms return once the 
IUD is removed (Fedele et al. 1997). Endometrial 
ablation or resection denudes the endometrial 
layer of the uterus and is an option for women 
with predominantly abnormal uterine bleeding. 
Adenomyosis of the superficial type with less 
than 2 mm penetration responds better than deep- 
infiltrating adenomyosis to endometrial ablation 
(McCausland and McCausland 1996).

Uterus-conserving surgery is hampered by the 
lack of a clearly defined dissection plane but may 
be of value in the infertile patient (Ozaki et al. 
1999). Laparoscopic resection of adenomyosis has 
been shown to reduce pain, menorrhagia, and dys-
menorrhea in small case series with limited fol-
low-up (Wood et al. 1994; Morita et al. 2004). 
Uterine artery embolization (UAE) has been 
reported to be successful in relieving menorrhagia 
and dysmenorrhea at short term. The long- term 
results are encouraging with improvement rates 
for dysmenorrhea and menorrhagia reported to be 
70.4% and 68.8%, respectively, at 5-year follow-
up. After 7 years of follow-up, in 82% of UAE-
treated patients with symptomatic adenomyosis a 
hysterectomy could be avoided (Siskin et al. 2001; 
Kim et al. 2004; Pelage et al. 2005; Kitamura et al. 
2006; Zhou et al. 2016; de Bruijn et al. 2017).

3  Imaging

3.1  Diagnostic Imaging 
for Uterine Leiomyomas 
and Adenomyosis: Overview

Uterine leiomyomas and adenomyosis cannot be 
reliably differentiated on the basis of clinical 
grounds because both conditions cause similar 
symptoms.

Leiomyomas of the uterus, once they have 
reached a certain size, can be palpated and dif-
ferentiated from the uterine wall as solid tumors 
that tend to be mobile. Bimanual palpation is 
typically supplemented by transvaginal ultra-
sound (TVUS) or, in patients with a markedly 
enlarged uterus, transabdominal ultrasound. The 
ultrasound examination allows assessment of the 
uterus and especially TVUS provides additional 
information on the endometrium and ovaries. 
TVUS is the primary imaging modality in the 
diagnostic workup of women with uterine leio-
myomas. Ultrasound (US) depicts leiomyomas 
as hypoechoic round lesions which are sharply 
demarcated from the remainder of the uterus 
(Fig. 6). Anechoic cystic portions and degenera-
tive changes with a heterogeneous echo pattern 
within the lesions are quite common. US enables 
reliable assessment of the location of leiomyomas 
and their topographic relationship to  surrounding 

Fig. 6 Transvaginal ultrasound (TVUS) of uterine leio-
myoma. TVUS demonstrates a well-defined subserosal 
leiomyoma (arrow) distorting the outer contour of the 
uterine wall. The leiomyoma shows a heterogeneous 
echotexture and is hypoechoic compared to the adjacent 
myometrium and endometrium. The endometrium is seen 
as a hyperechoic stripe
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structures, and in particular the uterine cavity, in 
most cases. Additional Doppler US will depict 
tumor vascularity and demonstrate typical fea-
tures such as a central vessel or a marginal vascu-
lar network (Fig. 7). Hysterosonography with the 
instillation of fluid into the uterine cavity 
improves the diagnostic accuracy of TVUS in 
detecting submucosal leiomyomas, differentiat-
ing from endometrial polyps, and determining 
depth of myometrial (uterine wall) involvement 
(Dueholm et al. 2002a).

Endoscopic procedures such as laparoscopy or 
hysteroscopy have a role in patients with suspected 
leiomyomas and inconclusive US findings. 
Moreover, hysteroscopy is performed in conjunc-
tion with endometrial sampling in women with 
abnormal menstrual bleeding and for specific diag-
nostic purposes such as evaluation of the uterine 
cavity and tubes in infertile women with leiomyo-
mas. In patients with known uterine leiomyomas, 
laparoscopy and hysteroscopy have their main role 
as therapeutic procedures for the uterus-sparing 
resection of known uterine leiomyomas.

Magnetic resonance imaging (MRI) is the 
most accurate diagnostic modality for assessing 
uterine leiomyomas (Dueholm et al. 2002b). 
MRI enables assessment of the uterus in multi-
planar orientation and without interference from 
superimposed structures. MRI provides accurate 
information not only on the number and size of 
leiomyomas but also on their location within the 
uterus (cervix, corpus, fundus) and within the 
wall (submucosal, intramural, subserosal) as well 

as their relationship to neighboring structures 
such as the tubes and ovaries (Figs. 8 and 9).

The unique soft-tissue contrast afforded by 
MRI enables good delineation of the leiomyo-
mas from adjacent myometrium, the junctional 

Fig. 7 Transvaginal ultrasound of leiomyoma. Transvaginal 
color-coded duplex ultrasound demonstrates the perifibroid 
plexus vessels surrounding the leiomyoma

Fig. 8 MRI of leiomyoma—locations. Transaxial 
T2-weighted image depicts multiple, mainly subserosal 
uterine leiomyoma. There is mild distortion of the uterine 
cavity by a transmural (full thickness) leiomyoma (arrow)

Fig. 9 MRI of leiomyoma—locations. T2-weighted cor-
onal image of a polyfibroid uterus. A subserosal peduncu-
lated uterine fibroid (white arrow) is easily identified by 
its low signal intensity and continuity with the right lateral 
aspect of the uterine fundus while sonographically the 
lesion could not be separated from the right ovary (black 
arrow) (reproduced with permission from reference 840, 
Kröncke TJ, Hamm B (2003) Role of magnetic resonance 
imaging (MRI) in establishing the indication for planning 
and following up uterine artery embolization (UAE) for 
treating symptomatic leiomyomas of the uterus [article in 
German]. Radiologe 43:624–633)
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zone, which is important for the differential 
diagnosis, and the endometrium. It also enables 
evaluation of the internal make-up of leiomyo-
mas including secondary degenerative changes. 
These features thus make MRI superior to all 
other imaging modalities in characterizing uter-
ine leiomyomas. MRI is of use in patients with 
inconclusive US findings with regard to the dif-
ferential diagnosis of a pelvic lesion or the ori-
gin of a lesion from the uterus or the ovary 
(Scoutt et al. 1994; Weinreb et al. 1990). MRI 
is increasingly being used to evaluate the feasi-
bility of uterus-sparing surgical therapy or a 
radiologic intervention (Dudiak et al. 1988). To 
establish the indication for hysteroscopic or 
laparoscopic resection, it is necessary to know 
the number and size of leiomyomas as well as 
their precise position, in particular their rela-
tionship to the uterine cavity and their depth 
within the wall (Dueholm et al. 2002c; Hurst 
et al. 2005). In evaluating potential candidates 
for UAE, MRI provides information on the size 
of the individual leiomyomas, the presence of 
pedunculated or parasitic leiomyomas, the 
nature of degenerative changes, the degree of 
leiomyoma vascularization, and the vascular 
supply of the uterus.

Computed tomography (CT) with its poor 
soft-tissue contrast is of limited value in diagnos-
ing benign changes of the uterus. CT does not 
allow adequate differentiation of the different 
uterine layers and hence fails to reliably assign 
uterine lesions to a specific layer. Intravenous 
contrast medium administration improves the dif-
ferentiation of adjacent structures but does not 
improve the differential diagnosis (Fig. 10). On 
CT scans, uterine leiomyomas are isodense with 
muscle and can occasionally be identified by the 
presence of typical calcifications on unenhanced 
images. There are no specific CT criteria for the 
presence of adenomyosis.

Adenomyosis—when severe—causes enlarge-
ment of the uterus but differs from leiomyoma- 
related enlargement in that the uterus is soft on 
palpation. TVUS will depict areas of reduced 
echogenicity or a heterogeneous appearance in 

about 75% of patients with adenomyosis 
(Reinhold et al. 1995; Brosens et al. 1995; Fedele 
et al. 1992). Apart from asymmetric thickening of 
the myometrium in the presence of focal adeno-
myosis, other morphologic features that are indic-
ative of adenomyosis are a poor definition of the 
endomyometrial junction, presence of myome-
trial cysts (<5 mm) in up to 50% of affected 
patients, as well as echogenic lines or spots within 
the myometrium (Fedele et al. 1992; Iribarne 
et al. 1994). Circumscribed lesions are absent in 
the majority of cases. Good diagnostic perfor-
mance can be expected if diagnostic criteria as 
described above are combined and real- time 
examination is used. An increased vascularization 
demonstrated by color duplex US is indicative of 
adenomyosis (Hirai et al. 1995; Chiang et al. 
1999). Transvaginal ultrasound has a reported 
sensitivity of 53–89% and a specificity ranging 
from 50 to 99% (Reinhold et al. 1995; Brosens 
et al. 1995; Fedele et al. 1992; Ascher et al. 1994). 
The wide variation is primarily attributable to the 
examiner dependence of US. The diagnostic 
accuracy is limited in the presence of leiomyomas 
(Bazot et al. 2001). Many of the features of ade-
nomyosis seen on US are depicted more clearly 
on T2-weighted MR images, which clearly show 
changes in zonal anatomy based on the excellent 

Fig. 10 CT of uterine leiomyoma. Contrast-enhanced 
CT of the pelvis in a 39-year-old women with a known 
uterine leiomyoma shows a large oval mass within the 
uterus with heterogeneous enhancement (asterisk) which 
displaces the hypodense right ovary (arrow) and distends 
the abdomen
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soft-tissue contrast of this imaging modality 
(Fig. 11). Despite its sensitivity of 86–100% and 
specificity of 85–90.5% for the diagnosis of ade-
nomyosis and its high diagnostic accuracy in 
establishing the differential diagnosis, MRI is 
rarely used in the routine clinical setting, for two 
reasons: adenomyosis is rarely suspected as the 
cause of hypermenorrhea or dysmenorrhea before 
surgery and reliable pretherapeutic demonstration 
of adenomyosis as the underlying cause in symp-
tomatic women in the fourth or fifth decade of life 
was considered irrelevant for therapeutic decision 
making (hysterectomy) (Ascher et al. 1994; 
Reinhold et al. 1996; Togashi et al. 1989; Mark 
et al. 1987). MRI is thus not indicated and cost 
effective in the initial evaluation of patients with 
unspecific complaints suggestive of adenomyosis. 
However, MRI has its place as an adjunctive tool 
in patients with diffusely enlarged uteri of 
unknown cause, in the workup of infertile women, 
and for follow-up of patients receiving GnRH 
therapy for adenomyosis or prior to uterus-con-
serving surgical therapy and UAE (Ozaki et al. 
1999; Kim et al. 2004; Kido et al. 2003a; Imaoka 
et al. 2002).

3.2  Magnetic Resonance Imaging

3.2.1  Magnetic Resonance Imaging: 
Technique

A short clinical history including menstrual status, 
previous pelvic surgery, clinical symptoms, time 
point within the menstrual cycle, and current hor-
monal therapy should be taken prior to an MR 
examination of the female pelvis. Due to the cyclic 
changes of the uterus, imaging is best performed in 
the second half of the menstrual cycle to take 
advantage of maximum signal differences between 
the uterine layers. The pelvis should be imaged on 
a high-field (1.5T) scanner using a pelvic or torso 
phased-array coil. Motion artifacts caused by 
bowel peristalsis can degrade image quality signifi-
cantly and should be eliminated. Measures to 
reduce such artifacts include asking the patient to 
fast for 4–6 h prior to the examination and intra-
muscular injection of butylscopolamine in patients 
who have no contraindications. Patients should 
also be instructed to void prior to the examination. 
The standard protocol for pelvic MR imaging 
should include both T1- and T2-weighted 
sequences. Breath-hold T2-weighted sequences 

a b

Fig. 11 Correlation of transvaginal ultrasound (TVUS) 
and magnetic resonance imaging (MRI) in a patient with 
leiomyoma and adenomyosis of the uterus. (a) TVUS of a 
48-year-old woman with menorrhagia and dysmenorrhea. 
Two leiomyoma were reported to be present, one in a sub-
serosal location (black arrow) of the posterior wall and a 
second intramurally in the anterior uterine wall (white 
arrow). However, a poor definition of the endomyometrial 
junction and asymmetric myometrial thickening of the 

anterior uterine wall rather than a clear mass lesion is 
seen. Calipers indicate measurement of endometrial thick-
ness. (b) Corresponding T2-weighted transaxial image 
shows a subserosal leiomyoma of the posterior uterine 
wall and focal adenomyosis of the anterior uterine wall 
(black arrow) characterized by a broadening of the junc-
tional zone and cyst-like inclusions in the myometrium 
corresponding to endometrial glands
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acquired in the true axial, sagittal, and coronal 
planes (T2-HASTE, SSFSE) are sufficient to diag-
nose uterine leiomyomas and adenomyosis in the 
majority of cases (Ascher et al. 1999; Masui et al. 
2001). However, the relationship of a uterine lesion 
to the uterine cavity may be difficult to recognize 
on breath-hold images alone. Additional high-reso-
lution T2-weighted TSE sequences acquired in the 
axial and sagittal planes in conjunction with pre-
saturation of the anterior abdominal wall are rec-
ommended in cases of inconclusive breath-hold 
images or a severely distorted uterine cavity 
(Yamashita et al. 1998). T1-weighted pulse 
sequences with and without fat saturation acquired 
in the axial plane provide information on fatty 
components and blood products within a lesion and 
accentuate areas of calcification otherwise not seen 
on T2-weighted imaging. Gadolinium-enhanced 
T1-weighted images can provide additional infor-
mation on the vascularity of uterine leiomyomas, 
improve the visualization of the surrounding pseu-
docapsule, and may help to delineate the uterine 
origin of a subserosal leiomyoma but are not neces-
sary to diagnose uterine leiomyomas and adeno-
myosis (Hricak et al. 1992). Diffusion-weighted 
magnetic resonance imaging (DW-MRI) and 
dynamic multiphase contrast-enhanced magnetic 
resonance imaging (DCE-MRI) are now part of the 
standard imaging protocols for evaluation of the 
female pelvis with the latter being rather used in 
research settings. DCE-MRI and DWI may be of 
added value in benign uterine conditions. Both 
functional imaging techniques can assist in distin-
guishing between various subtypes of benign leio-
myomas and leiomyosarcomas. Leiomyomas show 
low signal intensity on T1W, T2W, and DW images 
(Tamai et al. 2008). Uterine sarcomas show high or 
low signal intensity on T2W images and high sig-
nal intensity (i.e., restricted diffusion) on DW 
images. It is known from contrast- enhanced imag-
ing studies that leiomyosarcomas tend to show a 
much stronger and inhomogeneous enhancement 
pattern with areas of necrosis compared to leiomy-
omas. However, there is some overlap with degen-
erated and cellular leiomyomas (Lin et al. 2016). 
Additional MRA gradient- echo sequences are rec-
ommended in patients with leiomyomas and ade-
nomyosis in whom uterine artery embolization is 
planned (Kroencke et al. 2006).

3.2.2  MR Appearance of Uterine 
Leiomyomas

Leiomyomas of the uterus present as well-
defined round or oval low-signal-intensity 
masses on T2-weighted MR images. They are 
characterized by expansive growth but do not 
infiltrate surrounding structures and therefore 
distort the shape of the uterus in relation to 
their size and location. MRI performed in 
three orthogonal planes allows one first to 
accurately localize leiomyomas as submuco-
sal, intramural, transmural (full thickness), 
subserosal, pedunculated, or (extrauterine) 
intraligamentous and second to assign them 
to the cervix (less than 8%), corpus uteri (ante-
rior, posterior, lateral uterine wall), or fun-
dus.  Uterine leiomyomas can be single but 
usually are multiple and may reach consider-
able size. In a multileiomyoma uterus normal 
myometrium often represents only a minor 
portion of the uterine tissue (Fig. 12). Diffuse 

Fig. 12 Polyfibroid uterus—MRI appearance. T2-weighted 
sagittal image of a 44-year-old woman shows multiple uter-
ine leiomyoma, the largest extending subserosal from the 
fundus of the uterus. All leiomyomas are well marginated 
and show typical hypointense signal intensity with some 
speckled hyperintense spots. A pedunculated subserosally 
leiomyoma is present in the posterior cul-de-sac
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 leiomyomatosis is a rare form where the myo-
metrium is displaced by confluent leiomyo-
mas (Kido et al. 2003b) (Fig. 13).

3.2.3  Locations, Growth Patterns, 
and Imaging Characteristics

The localization of leiomyomas by imaging is of 
clinical importance because symptoms are 
related to and treatment varies based on the posi-
tion of a leiomyoma within the uterus. Recently, 
a detailed classification system has been devised 
and advocated by the International Federation of 
Gynecology and Obstetrics (FIGO) (Munro 
et al. 2011). Whether a submucosal leiomyoma 
can be resected depends on its size and ingrowth 
into the uterine wall (Wamsteker et al. 1993). A 
subserosal leiomyoma can be surgically treated 
by enucleation but opening and surgical recon-
struction of the uterine cavity may be necessary 
if the leiomyoma grows transmurally (Stringer 
et al. 2001). Leiomyomas are characterized by 
expansive growth with displacement of neigh-
boring tissue and therefore already have a mass 
effect when they are still small. Deformity of the 
uterine contour is primarily associated with sub-
mucosal and subserosal leiomyomas because 
they distend neighboring layers such as the 
endometrium and serosa (Fig. 14). In patients 
with a markedly enlarged uterus due to multiple 
leiomyomas, these tumors are often difficult to 
differentiate from extrauterine or ovarian lesions 
on ultrasound. The presence of a claw-like 

Fig. 13 MRI of diffuse leiomyomatosis of the uterus. 
T2-weighted sagittal image of a 41-year-old woman 
shows multiple uterine leiomyoma throughout the uterine 
layers ranging from millimeters to several centimeters in 
size. The leiomyomas are partially confluent and have 
replaced almost the entire normal myometrium (compare 
also with Fig. 3)

a b

Fig. 14 Mass effect of uterine leiomyoma. (a) T2-weighted 
sagittal image shows a multifibroid uterus with a large sub-
mucosal leiomyoma that exerts mass effect on the underly-

ing endometrium (arrow). (b) T2-weighted axial image at 
corresponding level
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 extension of myometrium surrounding the lesion 
and corkscrew- like flow voids at the interface 
between lesion and normal uterine tissue, which 
can be detected on T1-weighted images, and less 
commonly on T2-weighted images, indicate 
uterine leiomyomas with a high degree of cer-
tainty (Scoutt et al. 1994; Weinreb et al. 1990; 
Torashima et al. 1998; Kim et al. 2000). These 
flow voids represent the arteries arising from the 
uterine artery and feeding the large-caliber vas-
cular plexus of a leiomyoma (Fig. 15). The MR 
imaging signs of uterine leiomyomas are sum-
marized in Table 1.

Fig. 15 Bridging vascular sign in a pedunculated leio-
myoma. T1-weighted contrast-enhanced fat-suppressed 
sagittal image depicts a large pedunculated subserosal 
leiomyoma originating from the uterine fundus. Flow 
voids are seen within the vessel stalk (arrow). A second 
intramural leiomyoma in the anterior wall is seen displac-
ing the endometrial stripe (reproduced with permission 
from reference 840, Kröncke TJ, Hamm B (2003) Role of 
magnetic resonance imaging (MRI) in establishing the 
indication for planning and following up uterine artery 
embolization (UAE) for treating symptomatic leiomyomas 
of the uterus [article in German]. Radiologe 43:624–633)

Table 1 MRI criteria for leiomyoma

Location •  Corpus, fundus, less often 
cervical or within uterine 
ligaments, subserosal, 
intramural, transmural, 
submucous, pedunculated, in 
statu nascendi

Morphology •  Spherical, sharply marginated, 
pseudocapsule may be present, 
mass effect even if small, 
deforming the uterine outline 
and/or cavity may be singular 
but often numerous

• Size range from 0.5 to >20 cm

•  Claw-like extension of 
myometrium surrounding the 
lesion

Appearance on T1 • Isointense to the myometrium

•  Peripheral hypointense rim 
indicates calcification

•  Hyperintense areas related to 
hemorrhage

•  Peripheral high SI rim or 
homogenous high SI indicates 
hemorrhagic infarction

Appearance on T2 •  Variable, in general 
hypointense mass relative to 
myometrium but different SI 
seen in individual leiomyomas

•  Homogenously high SI often 
seen in cellular leiomyomas

•  High SI rim represents dilated 
lymphatics in large 
leiomyoma

Appearance on 
Gd-enhanced T1

•  Can appear hypo-, iso-, and 
hyperintense relative to 
myometrium hypervascularity 
often seen in cellular 
leiomyomas

•  Pseudocapsule more 
prominent

•  Absence of enhancement seen 
in partially or completely 
infarcted leiomyoma 
(bridging-vascular-sign)

Additional findings •  Flow voids in the periphery 
(best seen on T1-weighted 
images) indicate the 
perifibroid plexus vessels

•  A vessel stalk may be seen in 
pedunculated leiomyomas
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3.2.4  Histologic Subtypes and Forms 
of Degeneration

Different histologic subtypes of leiomyomas 
exist, some of them showing characteristic fea-
tures on MRI. Cellular leiomyomas, a subgroup 
of leiomyomas characterized by compact 
smooth muscle cells with little intervening col-
lagen, exhibit a homogenously high signal 
intensity on T2-weighted images (Fig. 16). They 
are isointense to surrounding myometrium on 
T1-weighted images and tend to enhance fairly 
homogenously after gadolinium administration 
(Yamashita et al. 1993). Lipoleiomyoma is a 
rare type of leiomyoma which displays a signal 
intensity similar to subcutaneous fat on all pulse 
sequences due to the presence of various 
amounts of fat cells. Chemical shift imaging or 
spectral fat suppression may be useful to deter-
mine the fatty nature of these leiomyomas 

(Tsushima et al. 1997). While MRI can distin-
guish among the different subtypes in only 69% 
of all cases, the method is highly sensitive and 
specific in identifying simple leiomyomas with-
out any major degenerative changes, leiomyo-
mas having undergone hemorrhagic infarction, 
and leiomyomas with cystic degenerative 
changes (Schwartz et al. 1998). Degeneration of 
uterine leiomyomas is common and is attributed 
to an inadequate blood supply. It is a sudden 
event in case of hemorrhagic degeneration while 
degenerative changes may develop gradually 
when a tumor outgrows its blood supply.

The typical MRI appearance of a smoothly 
marginated tumor with a nearly homogeneous 
low signal intensity relative to surrounding 
myometrium on T2-weighted images and inter-
mediate signal on T1-weighted images (Fig. 17) is 
attributable to hyalinization (Oguchi et al. 1995). 

a b

Fig. 16 MRI of cellular leiomyoma. (a) T2-weighted sag-
ittal image of the uterus demonstrating a large intramural 
cellular leiomyoma with homogenous high signal intensity 
compared to surrounding myometrium. Two small intra-
mural leiomyomas show the typical low- intensity signal 

(arrows). (b) T1-weighted contrast- enhanced fat-sup-
pressed sagittal image showing marked enhancement of 
the intramural cellular leiomyoma which appears hyperin-
tense compared to surrounding myometrium
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Hyaline degeneration is the predominant 
form of degeneration and is present in about 
60% of all leiomyomas. It is characterized 
by the accumulation of high-protein eosino-
philic substrate in the extracellular spaces 
between strands of muscle cells. Other 
types of degeneration that can be differenti-
ated are cystic, myxoid, and hemorrhagic (red) 
degeneration. Cystic degeneration is charac-
terized by the presence of clearly delineated 
cystic lesions with a signal intensity isointense 
to fluid on T1- and T2-weighted images. 
Myxoid degeneration is seen as intralesional 
areas of very high signal intensity on 
T2-weighted images. These portions are of 
intermediate to low signal on T1-weighted 
images and typically do not show enhance-
ment after contrast medium administration 
(Fig. 18).

Histology demonstrates gelatinous portions 
containing hyaluronic mucopolysaccharides. 
Haemorrhagic or red degeneration is more 
common during pregnancy or in women on 

gestagen therapy. It is attributed to sudden 
infarction of leiomyoma tissue with secondary 
intralesional hemorrhage (Hasan et al. 1991). 
MRI shows a lesion with an increased internal 
signal and a low-signal-intensity margin on 
T2-weighted images while T1-weighted 
images depict a lesion with a heterogeneous 
high signal that varies with the amount of 
blood degradation products present and is 
often confined to the margin (Fig. 19) 
(Kawakami et al. 1994). Hemorrhagic leio-
myomas typically show no enhancement after 
contrast medium administration. MRI con-
firms the diagnosis of acute hemorrhagic 
degeneration in conjunction with the clinical 
symptoms comprising acute pain, subfebrile 
temperature, and leukocytosis (Kawakami 
et al. 1994; Hamlin et al. 1985). Hydropic 
degeneration of a leiomyoma has been 
described as a rare form of degeneration and 
usually presents as a large and lobulated com-
plex mass on US that displays heterogeneous 
mainly high T2 signal with strands of low 

a b

Fig. 17 Signal intensity characteristics of leiomyoma. (a) 
T2-weighted transaxial image of the uterus (secretory 
phase of menstrual cycle) showing a subserosal leiomy-
oma with typical low signal intensity compared to adjacent 
myometrium. Note the bright signal of the endometrium 

and intermediate signal intensity of the junctional zone. (b) 
Corresponding T1-weighted transaxial image of the uterus 
showing intermediate signal intensity of the leiomyoma 
which can hardly be differentiated from the adjacent 
myometrium
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 signal on MRI. A solid component as well as 
prominent intralesional blood vessels may be 
present. This appearance can be a diagnos-
tic challenge since these imaging features 
overlap with malignant tumors. “Pseudo-
Meigs’ syndrome” has been associated with 
hydropic leiomyomas associated with ascites 
and elevated serum levels of CA-125 (Horta 
et al. 2015).

MRI is methodologically limited in that it 
does not reliably show intralesional calcifica-
tions, which are frequently identified on con-
ventional radiographs or CT scans by their 
popcorn-like appearance (Schwartz et al. 1998). 
Occasionally, calcifications take the form of a 
peripheral rim after hemorrhagic infraction and 
can be identified on T1-weighted MR images 
(Fig. 20).

a b

c

Fig. 18 MRI of myxoid leiomyoma. (a) T2-weighted 
transaxial image of the uterus showing also heterogeneous 
signal intensity of the leiomyoma and a C-shaped area at 
the left border of the leiomyoma (arrow) of high signal 
intensity corresponding to myxoid degeneration. Note 
that high-signal-intensity stripe of the endometrium is dis-
placed laterally. (b) On the corresponding T1-weighted 
fat-suppressed transaxial image the whole leiomyoma has 

a heterogeneous intermediate signal intensity and the 
C-shaped area shows no low signal as expected if lique-
faction had occurred. (c) Contrast-enhanced T1-weighted 
fat-suppressed transaxial image shows heterogeneous 
enhancement of the leiomyoma including septations of 
myxoid tissue, Note enhancement of endometrial stripe 
(arrow)

Benign Uterine Lesions



96

3.2.5  Differential Diagnosis
In evaluating lesions in close topographic relation-
ship to the uterus, the examiner must consider ovar-
ian masses in the differential diagnosis. If it is not 
possible to definitely assign the lesion to the uterus, 
an intraligamentous or ovarian leiomyoma may be 
present if the lesion shows homogeneous low signal 
intensity on T2-weighted images and an intermedi-
ate signal on T1-weighted images relative to the 
signal intensity of the myometrium of the uterus. 
However, an inhomogeneous intermediate or high 
signal relative to the myometrium may indicate 
both a leiomyoma with degenerative changes or an 
extrauterine benign or malignant tumor.

Myometrial contractions can mimic submuco-
sal leiomyomas or focal adenomyosis (Togashi 
et al. 1993a). Uterine contractions involve the 

a b

c

Fig. 19 MRI of spontaneously infarcted leiomyoma. (a) 
T1-weighted fat-suppressed transaxial image of a spontane-
ously infarcted submucosal leiomyoma. The central portion 
shows a slightly hyperintense signal intensity compared to 
the surrounding myometrium. (b) T2-weighted transaxial 
image of a spontaneous infarcted submucosal leiomyoma. 
The central portion shows a signal intensity isointense to 
the myometrium while a marked hypointense rim is seen 
which corresponds to blood degradation products (hemo-

siderin) after hemorrhagic infarction. (c) Contrast-enhanced 
T1-weighted fat-suppressed transaxial image confirms 
infarction of the leiomyoma while the surrounding myome-
trium is well perfused (reproduced with permission from 
reference 840, Kröncke TJ, Hamm B (2003) Role of mag-
netic resonance imaging (MRI) in establishing the indica-
tion for planning and following up uterine artery 
embolization (UAE) for treating symptomatic leiomyomas 
of the uterus [article in German]. Radiologe 43:624–633)

Fig. 20 MRI of rim calcification of a leiomyoma. 
T1-weighted fat-suppressed transaxial image showing a 
leiomyoma with a discontinuous, markedly hypointense 
rim corresponding to asymmetrical calcification
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endo- and myometrium but spare the outer uterine 
contour (Fig. 21). They are characterized by band- 
or stick-like low-signal-intensity areas on 
T2-weighted images (Masui et al. 2003). These 
signal changes are transient and changing appear-
ances can be noted on sequential images obtained 
with a delay of 30–45 min (Togashi et al. 1993a, b).

Endometrial polyps are seen most frequently 
in perimenopausal and postmenopausal women, 
and are usually asymptomatic but may cause uter-
ine bleeding especially in postmenopausal women 
(DeWaay et al. 2002). In 20% of the cases polyps 
are multiple. They can be broad based or pedun-
culated and may occur in conjunction with endo-
metrial hyperplasia. On T2-weighted images a 
central fibrous core or intratumoral cysts may be 
visible (Grasel et al. 2000). On T1-weighted 
images endometrial polyps show an intermediate 
signal while they exhibit a slightly hypointense or 
isointense signal intensity relative to the endome-
trium on T2-weighted images and present as 
localized endometrial thickening (Fig. 22). Small 
polyps enhance and become more conspicuous 
after gadolinium administration, especially on 

a b

Fig. 21 Transient uterine contraction. (a) T2-weighted 
sagittal image of the uterus depicting a broadening of the 
inner myometrium of the anterior uterine wall with bulg-
ing into the uterine cavity (arrow). (b) T2-weighted sagit-

tal image of the uterus obtained 5 min before (a) shows 
absence of any structural abnormality, a finding consistent 
with myometrial contraction

Fig. 22 Leiomyoma, diffuse adenomyosis and endometrial 
polyp on MRI. T2-weighted sagittal image of a patient 
depicts diffuse adenomyosis (arrowheads) with symmetri-
cal broadening of the junctional zone. An endometrial polyp 
exhibiting similar high signal intensity as the endometrium 
can be clearly identified within the uterine cavity (short 
arrow). A fibroid is present in the fundus (long arrow)
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early enhanced scans, while large polyps exhibit a 
heterogeneous enhancement pattern (Hricak et al. 
1992; Grasel et al. 2000). Submucosal leiomyo-
mas are best distinguished from endometrial 
 polyps by their rather spherical shape, their obvi-
ous connection to the myometrium, and lower sig-
nal intensity on T2-weighted images.

Leiomyosarcoma (LMS) is a rare tumor that 
accounts for approximately 1% of all uterine malig-
nancies and contributes to nearly 70% of all uterine 
sarcomas. The incidence of uterine LMS is 1.5–3 
per 100.000 women (Brooks et al. 2004). Most 
occur in women over 40 years of age, with incidence 
increasing after age 50. They are predominantly 
observed in older women (sixth decade of life) as 
compared to women with leiomyoma (fourth decade 
of life) (Rammeh- Rommani et al. 2005). It is felt 
that leiomyosarcomas arise de novo and may be 
unrelated to benign leiomyomas (Levy et al. 2000). 
While rapid growth is not an indicator of malignancy 
in premenopausal women, it is always suspicious in 
postmenopausal women, although not specific 
(Parker et al. 1994; Okamoto et al. 2004). The imag-
ing appearance does not enable reliable differentia-
tion of leiomyosarcoma from benign leiomyoma 
(Parker et al. 1994; Schwartz et al. 1998; Janus et al. 
1989; Takemori et al. 1992). Besides frank signs of 
invasiveness or metastatic disease, an irregular con-
tour, nodular borders, inhomogeneous appearance 
with pockets of high signal intensity on T2, T2 
“dark” area in a myometrial mass, hemorrhagic 
changes with high signal intensity on T1, as well as 
presence of central unenhanced areas have been 
demonstrated to be MR features indicative of a leio-
myosarcoma rather than a leiomyoma (Goto et al. 
2002; Schwartz et al. 1998; Sahdev et al. 2001; 
Pattani et al. 1995; Lakhman et al. 2017). Early 
enhancement on dynamic scans after administration 
of contrast medium together with serum determina-
tion of LDH and its isoenzyme was reported to be 
highly sensitive and specific in differentiating leio-
myosarcoma from degenerated leiomyoma (Goto 
et al. 2002). The mean ADC value in leiomyosarco-
mas has been reported to be significantly lower than 
in degenerated leiomyomas (Li et al. 2016).

3.2.6  MR Appearance of Uterine 
Adenomyosis

Adenomyosis of the uterus is diagnosed on 
T2-weighted images where it is characterized by 

ill-defined low-signal-intensity areas representing 
diffuse or focal broadening of the junctional zone 
as a result of smooth muscle hyperplasia associ-
ated with heterotopic endometrial glands 
(Reinhold et al. 1996; Outwater et al. 1998). A 
junctional zone thickness of ≥12 mm (Fig. 23) is 
the threshold for which a high degree of accuracy 
in the diagnosis of adenomyosis has been reported 
(Reinhold et al. 1998; Kang et al. 1996). 
Adenomyosis can be excluded if the junctional 
zone thickness is 8 mm or less (Reinhold et al. 
1996). Bright foci and cyst-like inclusions may be 
seen on T2-weighted images in up to 50% of 
patients and represent heterotopic endometrial 
glands, cystic dilatations, or hemorrhagic foci 
(Reinhold et al. 1996; Togashi et al. 1989). 
Corresponding high signal on T1-weighted 
images is less frequently observed but highly 

Fig. 23 Focal adenomyosis of the uterus. T2-weighted 
sagittal image of a patient with focal adenomyosis of the 
uterus. There is enlargement with only mild deformity of 
the uterus. The fundus and posterior uterine wall is thick-
ened due to marked broadening of the junctional zone. 
Hyperintense foci are seen within the lesion (reproduced 
with permission from reference 840, Kröncke TJ, Hamm 
B (2003) Role of magnetic resonance imaging (MRI) in 
establishing the indication for planning and following up 
uterine artery embolization (UAE) for treating symptom-
atic leiomyomas of the uterus [article in German]. 
Radiologe 43:624–633)
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 suggestive of adenomyosis (Fig. 24). Additionally, 
striations of high signal intensity extending from 
the endometrium into the myometrium as a result 
of direct invasion of the myometrium may be seen 
and result in pseudo-widening of the endome-

trium (Reinhold et al. 1999). These high- signal- 
intensity changes associated with adenomyosis 
may fluctuate during the menstrual cycle. The 
MR imaging signs of adenomyosis are summa-
rized in Table 2.

a b

Fig. 24 MRI of diffuse adenomyosis of the uterus. (a) 
T2-weighted transaxial image of a patient with diffuse 
adenomyosis of the uterus. The uterine wall is thickened, 
there is poor definition of the endomyometrial junction, 
and the junctional zones blend with the myometrium. No 
focal mass is present. Cyst-like inclusions of hyperintense 

signal intensity are present (arrow). (b) Corresponding 
fat-suppressed T1-weighted transaxial image showing 
hyperintense spots within the myometrium indicating 
fresh blood related to the dislocated endometrial glands 
(arrows)

Table 2 MRI criteria for adenomyosis

Location •  Focal or diffuse widening of junctional zone (JZ) > 12 mm

•  More often found in the posterior uterine wall

• Not seen in the cervix

•  Seldom seen as focal lesion without contact to JZ (adenomyoma)

Morphology •  Either diffusely involving the uterus or presenting as a lesion with ill-defined margins 
blending with the surrounding myometrium

•  Poor definition of endomyometrial junction

•  If focal, may be globular, elliptical but usually not round, spherical

•  Significant mass effect missing, even if large lesion present

•  Mild distortion of endometrium but marked enlargement of the uterus in diffuse adenomyosis

•  Adenomyoma may rarely present as round lesion located away from JZ

•  Lesion may include large cystic areas (cystic adenomyosis)

Appearance on 
T1

•  Mostly isointense to the myometrium

•  May show hyperintense foci corresponding to small areas of hemorrhage

Appearance on 
T2

•  Low SI uterine lesion with or without punctuate high SI foci scattered throughout the lesion 
or high SI linear striations extending from the edometrium that may lead to a pseudo-
widening of the endometrium

•  High SI (micro) cysts may be seen (<5 mm)

•  Rarely large cystic spaces within a lesion (cystic adenomyosis)

Appearance on 
Gd-enhanced T1

•  Can appear hypo-, iso-, and hyperintense relative to myometrium

•  Perfusion abnormalities may be seen on dynamic contrast- enhanced MRI

Additional 
findings

• No pseudocapsule

•  Adenomyosis frequently seen in combination with findings of endometriosis
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3.2.7  Locations, Growth Patterns, 
and Imaging Characteristics

Uterine adenomyosis is found more often in 
the posterior than in the anterior wall of the 
uterus and the fundus (Byun et al. 1999). 
Adenomyosis does not involve the cervix 
uteri. A focal type can be differentiated from a 
diffuse type of thickening of the junctional 
zone. Diffuse adenomyosis (Fig. 25) may lead 
to a markedly enlarged uterus with a surpris-
ingly small or disproportional mass effect on 
the uterine contour and cavity. Focal adeno-
myosis (Fig. 26) manifests as an oval or a 
round lesion which leads to thickening of the 
uterine wall but differs from leiomyoma in 
that there is only little distortion of the uterine 
cavity or serosal surface. The lesion shows 
poorly defined margins and blends with sur-
rounding myometrium. It lacks the pseudocap-
sule that may be seen with uterine leiomyoma. 
Signal voids at the periphery of the lesion are 
rare in focal adenomyosis (Byun et al. 1999). 
Gadolinium- enhanced T1-weighted imaging 
does not increase the accuracy in diagnosing adenomyosis of the uterus although perfusion 

abnormalities may be seen (Hricak et al. 
1992). Unusual growth patterns include ade-
nomyoma of the uterus which represents a 
localized form that manifests as a myometrial 
or subserosal mass without a direct connection 
to the junctional zone (Gilks et al. 2000; Tamai 
et al. 2005). Another rare variant is cystic ade-
nomyosis which is thought to result from 
extensive hemorrhage within adenomyotic 
implants, leading to a well-circumscribed cys-
tic myometrial lesion which may show differ-
ent stages of blood product degradation such 
as a low-intensity rim on T2-weighted images 
corresponding to hemosiderin and areas of 
high signal intensity on T1-weighted images 
representing fresh blood (Reinhold et al. 1999; 
Tamai et al. 2005; Troiano et al. 1998). 
Treatment of adenomyosis by GnRH agonists 
may also alter its appearance on MR imaging 
and a decrease in junctional zone thickness 
and a better lesion demarcation may be 
observed (Imaoka et al. 2002).

Fig. 25 MRI of diffuse adenomyosis of the uterus. 
T2-weighted sagittal image of the uterus. A broadened 
junctional zone (>12 mm) is seen with poor definition of 
the endomyometrial junction. The junctional zone blends 
with the myometrium

Fig. 26 MRI of focal adenomyosis of the uterus. 
T2-weighted sagittal image of the uterus. The posterior 
wall of the uterus is thickened and a focally broadened 
junctional zone with hyperintense foci appearing as a 
globular lesion is seen (arrow). The uterus is enlarged but 
no mass effect is seen

T.J. Kröncke



101

3.2.8  Differential Diagnosis
Leiomyomas of the uterus are part of the differ-
ential diagnosis for adenomyosis and differentia-
tion is especially important since therapeutic 
options differ for both entities. Imaging features 
that favor adenomyosis are poorly defined lesion 
borders, minimal mass effect, an elliptical instead 
of a globular shape, and high-signal-intensity 
spots, cysts, and striations on T2-weighted imag-
ing. Adenomyoma and cystic adenomyosis, 
 however, may be indistinguishable from degener-
ated leiomyomas at MR imaging or may resem-
ble an aggressive uterine neoplasm (Tamai et al. 
2005; Connors et al. 2003). Myometrial contrac-
tions may also mimic focal adenomyosis but are 
transient phenomena.

Endometrial carcinoma can show some 
overlap with the imaging features associated 
with adenomyosis such as an irregular endo-
myometrial junction, high-signal-intensity 
linear striations on T2-weighted imaging, as 
well as pseudo-widening of the endometrium. 
 Contrast- enhanced MR imaging has been 
reported to be useful in case of endometrial 
carcinoma invading adenomyosis (Utsunomiya 
et al. 2004). Endometrial stroma sarcoma 
(ESS) must also be considered when both 
endometrial and myometrial involvement of an 
apparently infiltrative lesion with cystic 
changes is detected (Koyama et al. 1999). A 
rare differential diagnosis is an adenocarci-
noma arising in adenomyosis (Koshiyama 
et al. 2002; Kuwashima et al. 1994).

3.3  Computed Tomography

3.3.1  CT Technique
Given the availability and cost-effectiveness of 
ultrasound as a first-line imaging tool to diagnose 
benign uterine lesions and the proven benefits of 
MRI in delineating soft-tissue masses of the 
uterus, little room is left for the use of CT in this 
setting. With the advent of multislice spiral CT 
(MSCT) spatial resolution has improved consid-
erably. Current scanner technology allows the 

acquisition of slices as thin as 0.5 mm. The gen-
eration of isotropic voxels allows multiplanar ref-
ormations in the desired plane of interest and can 
aid in determining the exact location of a pre-
sumed uterine lesion with respect to surrounding 
tissues. However, the improvement in spatial 
resolution is of little benefit for the diagnosis of 
benign uterine conditions.

3.3.2  CT Appearance of Uterine 
Leiomyoma and Adenomyosis

While there are no specific CT features of leio-
myomas, their presence may be suggested by 
uterine enlargement, contour deformity, and 
depiction of calcifications. Calcification is the 
most specific sign of a leiomyoma and can be 
found in up to 10% of cases. Calcifications may 
be mottled, whorled, or streaked in appearance 
but can also present as a well-defined peripheral 
rim surrounding the leiomyoma (Casillas et al. 
1990). Calcifications may be found only in one of 
multiple leiomyomas and may be only present in 
a part of a leiomyoma. On CT, leiomyomas usu-
ally exhibit a similar density as surrounding myo-
metrium but may show low-density areas that 
represent degenerative cystic changes (Fig. 27). 
CT cannot reliably identify adenomyosis of the 
uterus. As with uterine leiomyomas, enlargement 
of the uterus may be present. In adenomyosis 
there is enlargement while a clear mass lesion or 
distortion of the uterine contour is absent.

Fig. 27 CT of uterine leiomyomas of the uterus. 
Contrast- enhanced CT shows subserosal leiomyomas dis-
torting the uterine contour (arrows). The fibroids show 
similar enhancement to adjacent myometrium
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3.3.3  Atypical Appearances on CT 
and Differential Diagnosis

Leiomyomas may undergo spontaneous infarction, 
which presents clinically as an acute abdomen. 
Infarction may be related to rapid growth during 
pregnancy or may be due to acute torsion (Fig. 28) 
of a pedunculated subserosal leiomyoma (Roy 
et al. 2005). On unenhanced images small areas of 
high attenuation indicate hemorrhagic infarction, 
which is confirmed on contrast- enhanced images 
(Roy et al. 2005). Superinfection of leiomyomas 

may occur secondary to degeneration or hemor-
rhagic infarction if predisposing factors such as 
diabetes, adnexitis, or an ascending infection that 
can spread to leiomyomas with contact to the endo-
metrial cavity are present. Pyomyoma develops 
slowly over days and weeks, particularly in patients 
after delivery or abortion (Karcaaltincaba and 
Sudakoff 2003). Specific findings are hypodense 
areas in combination with pockets of gas within 
the leiomyoma. If perforation into the peritoneal 
cavity occurs, discontinuity of the uterine wall, 
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Fig. 28 Acute torsion of a uterine leiomyoma. A 30-year- 
old-woman with torsion of a pedunculated subserosal leio-
myoma. (a) Suprapubic US examination in the sagittal 
plane shows a large (13 cm in diameter), echogenic, het-
erogeneous mass that compresses the bladder. The uterus 
is displaced posteriorly (arrow). Shadows inside the mass 
are due to acoustic reflections. (b) Unenhanced CT scan 
shows a large, slightly heterogeneous, abdominopelvic 
mass (mean value 45 HU). Some linear parts have a higher 
value of 55 HU. (c) Contrast-enhanced CT scan shows 
intense rim enhancement localized against uptake of con-
trast medium inside tortuous vessels between the upper 
anterior part of the corpus uteri and the mass (large arrow). 

There is no enhancement inside the mass. The left ovary is 
normal and far from the mass (arrowhead). Note fluid 
inside the cul-de-sac (small arrow). (d) Contrast- enhanced 
CT scan at a level inferior to that depicted in (c) shows thin 
rim enhancement that is more intense in contact with per-
sistent uptake of contrast medium against the anterior part 
of the uterus (arrow). No enhancement inside the mass was 
recorded. The endometrial cavity is normally enlarged dur-
ing the second part of the menstrual cycle. The right ovary 
is normal (arrowhead) (reproduced with permission from 
reference 928, Roy C, Bierry G, Ghali SE, Buy X, Rossini 
A (2005) Acute torsion of uterine leiomyoma: CT features. 
Abdom Imaging. 30:120–123)
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 intraperitoneal gas, and fluid are usually present, 
and peritoneal enhancement is seen with peritonitis 
(Karcaaltincaba and Sudakoff 2003).

The differential diagnosis of acute torsion of a 
pedunculated leiomyoma includes ovarian/
adnexal torsion and uterine torsion (Ghossain 
et al. 1994; Jeong et al. 2003). The most valuable 
sign to diagnose acute adnexal torsion is thought 
to be thickening of the fallopian tube due to 
venous congestion and edema. Coronal and sagit-
tal reformations from thin-section contrast- 
enhanced MSCT also aid in identifying the 
ovarian vascular pedicle and confirm the ovarian 
origin of a pelvic tumor (Lee et al. 2003). Uterine 
torsion has been reported to occur more often 
during pregnancy and is characterized by torsion 
along the corpus and cervix uteri. A whorled 
structure of the uterine cervix or a twisting upper 
vagina is seen on CT (Jeong et al. 2003).

4  UAE for the Treatment 
of Leiomyoma 
and Adenomyosis

4.1  Indications

UAE is an established treatment for symptomatic 
leiomyomas. The gynecologist and interventional 
radiologist should closely cooperate in establish-
ing the indication for leiomyoma embolization 
and carefully weigh the indications and contrain-
dications in light of the range of therapeutic 
options available for the individual patient. UAE 
must not be performed without careful pre- 
interventional diagnostic workup of the patient’s 
symptoms by the gynecologist. UAE is an alter-
native therapeutic option only in patients with 
symptomatic leiomyoma who would otherwise 
undergo surgery. The “ideal” candidate for UAE 
is a premenopausal woman with a symptomatic 
multileiomyoma uterus in whom surgery is indi-
cated and who does not desire to preserve fertility 
and prefers a minimal invasive intervention. As a 
rule, both single and multiple leiomyomas can be 
treated by UAE. The number and location of the 
individual tumors (subserosal, intramural, trans-
mural, submucosal) do not affect the approach, 

technique, or outcome of UAE. Nevertheless, one 
must always thoroughly evaluate the clinical 
symptoms, imaging findings, and patient’s pref-
erences on an individual basis to decide when 
UAE should be preferred to uterus-sparing surgi-
cal approaches or hysterectomy.

Embolization of subserosal pedunculated and 
intraligamentous leiomyomas is considered to be 
more risky because postprocedural necrosis of 
the tumors may cause peritoneal adhesions and 
decomposition of the leiomyomas into the free 
abdominal cavity. A number of studies, however, 
have not demonstrated a higher complication 
rate of UAE for subserosal pedunculated leio-
myomas (Katsumori et al. 2005). From the inter-
ventional radiologist’s perspective, there is no 
size limit above which it becomes technically 
impossible to perform UAE. Early reports on 
higher complication rates in leiomyomas >10 cm 
were not confirmed by later studies, which found 
good clinical results after embolization of large 
uterine leiomyomas (Prollius et al. 2004; 
Katsumori et al. 2003). However, the patient 
must be aware that a markedly enlarged uterus 
will persist after UAE despite shrinkage of the 
leiomyomas in case of a multileiomyoma uterus 
associated with pronounced enlargement before 
the intervention. UAE is not indicated in patients 
with contraindications to angiography (clotting 
disorder, renal insufficiency, manifest hyperthy-
roidism) and in women with pelvic or urogenital 
infections (adnexitis, endometritis, urinary tract 
infection), an adnexal tumor, status post-pelvic 
radiotherapy, and suspected malignant tumor. 
An unwillingness to undergo follow-up exami-
nations is a relative contraindication because 
follow-up is absolutely necessary to evaluate the 
success of the intervention and to identify and 
treat possible complications. Since data on the 
effect of UAE on fertility and the course of preg-
nancy after UAE is still inadequate, the wish to 
conceive is considered a contraindication to 
UAE while a desire to have further  children is a 
relative contraindication to embolization in those 
women in whom other  therapeutic approaches 
(e.g., laparoscopic/abdominal leiomyoma resec-
tion) are an option (McLucas et al. 2001b; 
Ravina et al. 2000; Spies et al. 2005b; Kakarla 
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and Ash 2005; Price et al. 2005; Kim et al. 2005). 
In addition to the gynecologic examination, a 
recent Pap smear is required, and women with 
irregular periods (menorrhagia, metrorrhagia) 
should undergo endometrial sampling before 
UAE. UAE for adenomyosis occurring either 
alone or in conjunction with uterine leiomyomas 
is still under investigation (see also 2.5 Therapy, 
p. 10). Contrary to previous reports, UAE has 
been shown to be effective in the midterm for 
both scenarios (Siskin et al. 2001; Kim et al. 
2004; Pelage et al. 2005; Kitamura et al. 2006; 
Goldberg 2005; McLucas et al. 2002; Jha et al. 
2003).

4.2  Technique

UAE is performed under local anesthesia, 
which may be supplemented by sedation where 
required, using a transfemoral access and stan-
dard Seldinger technique. Prior to emboliza-
tion, patients receive an intravenous line and a 
bladder catheter. A 4F or 5F catheter sheath is 
placed and the internal iliac artery is probed 
using end-hole catheters. An abdominal aorto-
gram or selective angiographic series of the 
pelvic arteries is required only in those cases 
where the road map of the internal iliac artery 
in left or right anterior oblique projection does 
not provide adequate information on the origin 
of the uterine artery. When the uterine artery is 
strong and its origin takes a straight course, it 
can be catheterized with the diagnostic cathe-
ter. However, coaxial advanced microcatheters 
should be used deliberately to prevent vascular 
spasm, in particular when the uterine artery has 
a small caliber or its origin is at a right angle or 
twisted. The embolic agent is administered 
with the blood flow in a fractionated manner 
(free-flow embolization) once the catheter 
comes to lie in the horizontal segment of the 
uterine artery and the angiogram shows good 
contrast medium flow. Spasm sometimes 
results in complete cessation of flow and 
should then be addressed with intra-arterial 
administration of nitroglycerin or tolazoline. 
In case of strong spasm, the interventional 

radiologist should first proceed to embolize the 
contralateral uterine artery and then try again. 
Particulate agents are used for UAE in treating 
both symptomatic uterine leiomyomas and 
adenomyosis. Well-documented experience is 
available with polyvinyl alcohol (PVA), 
Gelfoam, and trisacryl gelatin-coated micro-
spheres (TGM) (Kroncke et al. 2005; McLucas 
et al. 2001a; Katsumori et al. 2002; Siskin 
et al. 2001; Kim et al. 2004; Pelage et al. 2005; 
Hutchins and Worthington-Kirsch 2000; 
Pelage et al. 2000; Spies et al. 2004b; Spies 
et al. 2001b). Nonspherical particles measur-
ing 350–750 μm and microspheres ranging in 
size from 500 to 900 μm are used. PVA par-
ticles are used to occlude the uterine artery 
and stop blood flow in this vessel while 
the aim of injecting trisacryl gelatin micro-
spheres is to preserve sluggish antegrade 
flow while occluding the tumoral vascular 
plexus (Spies et al. 2001b; Pelage et al. 
2001). The level of occlusion is documented 
by last image hold or a final selective series. 
Following embolization of the contralateral 
side, the ipsilateral uterine artery is catheter-
ized by formation of a Waltman loop or by 
simply pulling down a curved catheter such 
as the Rösch inferior mesenteric catheter 
which acts like a hook and easily enters the 
internal iliac artery. When confronted with a 
difficult anatomic situation on the ipsilateral 
side, it may become necessary to puncture 
the other groin. A controversy exists regard-
ing the necessity of obtaining a final aorto-
gram at the time of the intervention to exclude 
relevant collateral flow to the uterus (e.g., 
ovarian artery). If MR angiography is per-
formed, relevant blood supply to the uterus 
through the ovarian artery can be identified 
noninvasively already before embolization 
(Kroencke et al. 2006). The technical success 
rate is over 95% for primary bilateral emboli-
zation. Postprocedural management during the 
first 24(−48) h comprises adequate pain relief 
using intravenous opioid analgesics or place-
ment of a peridural catheter and administration 
of nonsteroidal anti-inflammatory agents and 
antiemetic medication.
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4.3  MR Imaging in the Setting 
of UAE and Uterus-Conserving 
Surgery

MR imaging prior to UAE or uterus-conserving sur-
gery offers a comprehensive view of the pelvis with-
out superimposed structures even in patients with a 
markedly enlarged polyleiomyoma uterus. It has 
been demonstrated that MRI affects patient treat-
ment by reducing unnecessary surgery and identify-
ing co-pathologies prior to UAE (Schwartz et al. 
1994; Omary et al. 2002). MR imaging can aid in the 
preoperative planning for myomectomy by its abil-
ity to accurately determine the size and position of 
individual leiomyomas within the uterine wall and to 
differentiate conditions which may mimic leiomy-
oma both clinically and on ultrasound (Weinreb 
et al. 1990; Battista et al. 2016). Preoperative classi-
fication of leiomyomas is of clinical significance 
since a submucosal tumor with a minor intramural 
component may be treated by hysteroscopic resec-
tion whereas a laparoscopic or transabdominal 
approach may be required in intramural or subsero-
sal leiomyomas (Dudiak et al. 1988). Knowing the 
position of a leiomyoma and the thickness of the sur-
rounding myometrium helps one to minimize the 
risk of uterine perforation during hysteroscopic 
resection and inadvertent entry into the uterine cav-
ity at myomectomy, which is associated with syn-
echia and may require endometrial repair (Stringer 
et al. 2001). MR imaging is also useful in monitor-
ing the effect of GnRH therapy on leiomyomas 
(Andreyko et al. 1988; Zawin et al. 1990).

Besides its high accuracy in the diagnosis of leio-
myomas and additional pathologies of the adnexae 
prior to UAE, MR imaging enables identification of 
tumors in which embolization is associated with a 
higher risk such as subserosal pedunculated leiomy-
omas (Fig. 15) with a narrow stalk or those which 
will probably not respond to embolization due to 
their parasitic blood supply such as intraligamentous 
leiomyomas. However, the ability of MR imaging to 
predict a successful clinical outcome based on the 
location, size, and signal intensity of a leiomyoma is 
still under investigation (Burn et al. 1999; Jha et al. 
2000; Spies et al. 2002b). Three- dimensional 
 contrast-enhanced MR angiography can show the 
uterine arteries and collateral flow via enlarged 

 ovarian arteries and may serve as a “road map” prior 
to embolization (Fig. 29).

Typical imaging features are observed after 
leiomyoma embolization (Fig. 30). The tumors 
show a homogeneous low signal intensity on 
T2-weighted images after UAE and high signal 
intensity on T1-weighted images due to hemor-
rhagic infarction (Fig. 31).

MR imaging also depicts morphologic 
changes such as sloughing of leiomyomas in con-
tact with the uterine cavity (Fig. 32). The latter 
may be associated with vaginal discharge in 
patients having undergone UAE but do not 
require additional treatment in the majority of 
cases (Walker et al. 2004). MRI also identifies 
side effects and complications associated with 
UAE such as ongoing leiomyoma expulsion, 
endometritis, and uterine necrosis (Kitamura 
et al. 2005; Torigian et al. 2005). In case of 

Fig. 29 UAE. Maximum intensity projection of a con-
trast-enhanced MR angiography depicts the uterine arter-
ies (long white arrows) as well as an enlarged the right 
ovarian artery (thick white arrow)
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 ongoing leiomyoma expulsion a dilated cervical 
os and leiomyoma tissue pointing towards the 
cervix may be observed (Fig. 33). Endometritis is 
seen in 0.5% of cases after UAE, is associated 
with leiomyoma expulsion, and usually responds 
well to antibiotics but may spread and result in 
septicemia if left untreated. At MR imaging tis-
sue within the uterine cavity may be observed 

together with high-signal-intensity fluid on 
T2-weighted images indicating retained fluid. 
Punctuate foci of low signal intensity represent 
signal voids due to the presence of air on T1- 
and T2-weighted images. Contrast-enhanced 
MR images increase the conspicuity of intra-
cavitary fluid collections and also depict hyper-
perfusion of inflamed adjacent endometrium 

ba

d

c

Fig. 30 MR imaging features of leiomyoma before and 
after UAE. (a) T2-weighted sagittal image prior to UAE 
depicts an intramural leiomyoma with iso- to hypoin-
tense signal intensity compared to the adjacent myome-
trium of the uterus. (b) Contrast-enhanced T1-weighted 
fat- suppressed sagittal image prior to UAE. Strong 
enhancement of the uterus and leiomyoma. (c) T2-weighted 
sagittal image 72 h after UAE. The leiomyoma shows an 
increased signal intensity due to edema. (d) Contrast- 

enhanced T1-weighted sagittal image obtained 72 h after 
UAE shows complete lack of enhancement of the leiomy-
oma consistent with infarction. The myometrium shows 
normal perfusion (reproduced with permission from refer-
ence 840, Kröncke TJ, Hamm B (2003) Role of magnetic 
resonance imaging (MRI) in establishing the indication for 
planning and following up uterine artery embolization 
(UAE) for treating symptomatic leiomyomas of the uterus 
[article in German]. Radiologe 43:624–633)
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(Kitamura et al. 2005). Contrast-enhanced MRI 
is helpful in determining persistent perfusion of 
leiomyomas and adenomyosis after UAE. It has 
been demonstrated that persistent perfusion may 
lead to regrowth of leiomyoma tissue and recur-
rence of symptoms (Pelage et al. 2004). It is 
important to know that uterine or individual leio-
myoma size reduction is not a good indicator of 
successful embolization since even a partially 

infarcted leiomyoma undergoes shrinkage while 
at the same time perfused areas may be present 
from which the tumor may regrow. The frequency 
of recurrence of symptoms in cases of persistent 
perfusion is largely unknown but it is generally 
accepted among interventional radiologists that 
persistent perfusion of leiomyoma tissue in the 
setting of recurrent symptoms indicates technical 
failure of UAE, which may be attributable to 
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Fig. 31 MRI of hemorrhagic leiomyoma infarction: “bag-
of-blood-sign.” (a) Transaxial T1-weighted fat- suppressed 
image obtained 3 months after UAE. Peripherally accentu-
ated hyperintense signal intensity of the leiomyoma indi-
cating hemorrhagic transformation of the leiomyoma 
(“bag-of-blood-sign”). (b) Transaxial contrast-enhanced 
T1-weighted fat-suppressed image obtained 3 months after 

UAE. Lack of enhancement of the leiomyoma consistent 
with infarction (reproduced with permission from refer-
ence 840, Kröncke TJ, Hamm B (2003) Role of magnetic 
resonance imaging (MRI) in establishing the indication for 
planning and following up uterine artery embolization 
(UAE) for treating symptomatic leiomyomas of the uterus 
[article in German]. Radiologe 43:624–633)
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Fig. 32 Sloughing of uterine fibroids after UAE. (a) 
Sagittal T2-weighted prior to UAE shows an intramural 
leiomyoma in the fundus and a submucosal leiomyoma in 
the posterior uterine wall. (b) Sagittal T2-weighted 24 
months after UAE. While the patient reported marked 

improvement of leiomyoma-associated menorrhagia as 
early as 3 months after UAE, a late follow-up MRI shows 
marked decrease in size of the leiomyoma due to ongoing 
fibroid sloughing
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underembolization (causes: vasospasm during 
UAE, inadequate choice of level of occlusion or 
of embolic agent) or collateral supply. Complete 
infarction of leiomyomas indicates technical suc-
cess of UAE and is associated with long-term 
clinical success (Pelage et al. 2004; Kroencke 
et al. 2010).
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1  Background

1.1  Epidemiology

Cervical cancer is the fourth most commonly 
diagnosed cancer among females worldwide, 
with an estimated 528,000 cases and 266,000 
deaths in 2012 (http://globocan.iarc.fr/old/
FactSheets/cancers/cervix-new.asp). In less devel-
oped countries the incidence of cervical cancer 
remains substantially higher than in industrialized 
countries and accounts for almost 12% of all 
female cancers. High-risk regions include Eastern 
Africa, Melanesia, and Southern and Middle 
Africa (http://globocan.iarc.fr/old/FactSheets/
cancers/cervix-new.asp). In Europe, about 58,000 
women are diagnosed with invasive cervical can-
cer per year and about 24,000 women die from the 
disease (Ferlay et al. 2013). In Germany, approxi-
mately 5000 new cases are diagnosed per year and 
approximately 1500 women die from cervical 
cancer every year (Ferlay et al. 2013). Historically, 
the mean age of onset used to be 52 years, but 
there is a tendency toward earlier onset. In fact, 
recent data show that on average each year 
approximately 52% of cervical cancer cases were 
diagnosed in females aged under 45, with a peak 
in the age-specific incidence rates in the 25–29 
age group (Cancer Research UK 2016).

The overall incidence of invasive cervical can-
cer has dropped dramatically in the last 50 years. 
European age-standardized incidence rates 
peaked in 1985–1987, decreased by 50% to their 
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lowest point in 2004–2006, and have since 
remained stable. The largest decreases have been 
in females aged 50–64 and 65–79, with European 
age-standardized incidence rates decreasing by 
62% and 64%, respectively, between 1985–1987 
and 2011–2013. This decline is attributable to the 
availability of cytological screening, which has 
led to the identification and therapy of precursor 
lesions, thus preventing their progression to inva-
sive cervical cancer (Gustafsson et al. 1997; 
Womack and Warren 1998; Plaxe and Saltzstein 
1999). The overall mortality from cervical cancer 
has declined by over 50% since 1970 and the fig-
ures continue to decrease slightly. The annual 
mortality rate today is 2.4 per 100,000 women in 
the USA and ranges between 0.7 (Iceland) and 
14.2 (Romania) in Europe. In addition, there has 
been a change in therapeutic strategies as it has 
been shown, for instance, that certain subgroups 
of patients benefit from the combination of sur-
gery and radiochemotherapy. Novel and mini-
mally invasive operative techniques primarily aim 
to improve the patient’s postoperative quality of 
life. Despite these advances, there has been only 
slight change in the prognosis of invasive cervical 
cancer over the last decades. The average relative 
5-year survival rate in the USA raised from 69% 
in 1975 to 70% in 2010 (Siegel et al. 2015).

1.2  Pathogenesis

The main cause of cervical cancer is infection of 
the cervical epithelium by one of the oncogenic 
human papilloma virus (HPV) types. The high-
risk types of HPV are 16 and 18, which have been 
shown to have a high oncogenic potential (Castle 
et al. 2002; Lorincz et al. 2002; Walboomers et al. 
1999; Yamada et al. 1997; Bosch et al. 1995; 
Munoz et al. 2002). HPV16/18 account for at least 
two-thirds of cervical carcinomas in all continents. 
The overall prevalence of cervical HPV infections 
is 5–20%, with a peak between 20 and 25 years of 
age. Spontaneous regression and clearance of 
HPV infection with complete eradication of the 
virus by cell-mediated immunity within 1–2 years 
of exposure are common (Walboomers et al. 
1999). Persistence of the virus is only associated 
with the risk of epithelial changes of the cervical 

mucosa. Especially women with cofactors such as 
multiple sexual partners, poor genital hygiene, or 
immunosuppression as in women with AIDS are 
at risk of developing invasive cancer (Smith et al. 
2002a, b). Cervical cancer of the squamous cell 
type develops in several stages from local epithe-
lial proliferation, through definitive epithelial 
changes and dysplasia, to a truly precancerous 
lesion. The precancerous stages are referred to as 
cervical intraepithelial neoplasia (CIN) (Richart 
1973) or squamous intraepithelial lesion (SIL) and 
first progress to carcinoma in situ before they 
become invasive cancers. About 3–5% of sexually 
mature women have CIN. The incidence of 
advanced precancerous conditions (CIN II, III) is 
about 100 times higher than the incidence of cervi-
cal cancer. CIN often resolves spontaneously but 
may also progress to carcinoma in situ—typically 
between 25 and 35 years of age—and finally to 
invasive cervical cancer at around age 40. Cervical 
cancer usually arises from the cervical transforma-
tion zone, a ring of mucosa at the junction between 
the squamous epithelium of the portio and the 
columnar epithelium of the cervical canal 
(Schiffman et al. 2007).

1.3  Screening

The ultimate goal of cervical screening tests is to 
decrease the incidence and the subsequent mortal-
ity from invasive cervical cancer through the iden-
tification of precursor lesions. In fact since the 
introduction of the conventional cytology test 
(commonly referred to as the Pap smear) in the 
mid-twentieth century cervical cancer incidence 
and mortality rates have declined significantly 
(Smith et al. 2015). For the period from 2002 to 
2011, cervical cancer incidence rates decreased at 
an average annual rate of 1.2% per year in women 
younger than 50 years and by 1.5% per year in 
women aged 50 years and older (Smith et al. 2015). 
Following the indications of current guidelines, 
cervical screening should begin at age 21 years and 
should be discontinued after the age of 65 years in 
case of three consecutive negative cytology tests 
(Smith et al. 2015). While women of 21–29 years 
should receive cytology screening every 3 years, 
for women of 30–65 years, the preferred approach 
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is the combination of cytology and human papillo-
mavirus (HPV) testing every 5 years (Smith et al. 
2015). Thanks to these efforts, today over 80% of 
cervical carcinomas are detected at stage I when 
the tumor is still locally confined.

1.4  HPV Vaccination

Due to the etiologic role of HPV in the pathogen-
esis of cervical neoplasia, immunization against 
HPV infection offers a primary prevention strat-
egy. In the past 10 years, most industrialized 
countries have introduced national HPV 
 vaccination programs targeting adolescent girls 
(Kahn 2009). Ten years ago, in 2006, the first 
vaccine targeting HPV was approved by the US 
Food and Drug Administration. This quadriva-
lent vaccine using a late protein L1 construct to 
induce antibody-mediated immunity is active 
against HPV genotypes 6, 11, 16, and 18, which 
are responsible for approximately 66% of cervi-
cal cancers and 90% of genital warts. In 2009, a 
bivalent (HPV-16, -18) vaccine was approved, 
with similar efficacy profile against cervical can-
cers caused by these HPV genotypes. More 
recently, in 2014 a vaccine targeting nine HPV 
types was approved and demonstrated over 95% 
efficacy against the additional HPV genotypes in 
Phase III trials (Castle and Maza 2016). Current 
guidelines indorse routine HPV vaccination prin-
cipally for females aged 11–12 years; all forms of 
HPV vaccine are currently recommended as a 
three-dose schedule across a 6-month period.

1.5  Clinical Presentation

Early forms of cervical cancer do not present any 
symptoms. Clinical symptoms occur fairly late, 
typically when the tumor has reached the stage of 
invasive ulcerating cancer. The symptoms include 
vaginal bleeding after intercourse, vaginal dis-
charge, and dyspareunia. Diffuse pelvic and back 
pain radiating into the legs may indicate advanced 
cervical cancer with infiltration of adjacent struc-
tures. Large cervical cancers may cause pain or 
bleeding with urination or passage of stools. Tumor-
induced disturbance of lymphatic drainage causes 

unilateral leg edema, peritoneal seeding, and 
increased body circumference. General symptoms 
of advanced cervical cancer are a decline of physi-
cal performance and weight loss. Late complica-
tions include respiratory disturbance and cough in 
patients with metastatic spread to the lungs.

1.6  Histopathology

Histologically, approximately 80% of all cervical 
cancers are of the keratinizing or nonkeratinizing 
squamous cell type. Adenocarcinoma is the 
 second most common histologic type, accounting 
for about 15% of all cervical cancers (Vizcaino 
et al. 2000). Although infection with a carcino-
genic HPV is a necessary cause of both squamous 
cell carcinoma and adenocarcinoma, the latter has 
been found to correlate with recurrent or chronic 
cervicitis and the intake of estrogen-containing 
drugs. Stage II and III adenocarcinomas have a 
slightly more unfavorable prognosis than squa-
mous cell carcinoma (Davidson et al. 1989). A 
small proportion (about 3%) of adenocarcinomas 
is of the histologic subtype of highly differenti-
ated mucinous adenocarcinoma. This so-called 
adenoma malignum has a very poor prognosis 
because of its early spread into the abdominal 
cavity and poorer response to chemotherapy or 
radiotherapy (Kaminski and Norris 1983; Fu et al. 
1982). At the same time, its well-differentiated 
morphology may lead to misinterpretation of its 
malignancy. MRI depicts a solid tumor containing 
multiple cysts arising from the endocervical 
glands and invading the cervical stroma (Doi et al. 
1997). This malignant tumor is difficult to differ-
entiate from cystic cervical lesions, which have a 
similar appearance. The solid tumor portions pro-
vide the key to the diagnosis (Li et al. 1999). 
Adenoma malignum is often seen in patients with 
Peutz-Jeghers syndrome, which is characterized 
by pigmentation of the skin and mucous mem-
branes, multiple hamartomas of the gastrointesti-
nal tract, and ovarian tumors (Chen 1986). Among 
the rarer histologic types of cervical cancer is 
adenosquamous carcinoma with a proportion of 
3% and a poorer prognosis than squamous cell 
carcinoma and adenocarcinoma (Sheridan et al. 
1996). Other types of cervical tumors are 
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 neuroendocrine tumors, small-cell tumors, and 
rhabdomyosarcoma. Small-cell cervical cancer 
has a poor prognosis due to early metastatic 
spread. Neuroendocrine tumors account for 0.3% 
of cervical cancers and show aggressive growth. 
Accompanying carcinoid syndrome is rare and 
the clinical symptoms do not differ from those of 
squamous cell carcinoma (Lea et al. 2002; Koch 
et al. 1999; Ueda and Yamasaki 1992; Sheridan 
et al. 1996).

1.7  Staging

The most widely used staging system for patients 
with cervical cancer is the Féderation 
Internationale de Gynécologie et d’Obstétrique 
(FIGO) classification, introduced before the 
advent of modern imaging modalities and hence 
based on solely clinical parameters including 
physical examination under anesthesia, colpos-
copy, endocervical curettage, hysteroscopy, cys-
toscopy, proctoscopy, intravenous urography, 
barium enema, and radiography of the lungs and 
skeleton (Pecorelli and Odicino 2003) (Table 1). 
Findings obtained with MRI, CT, ultrasound, and 
scintigraphy are not taken into consideration in 
determining the FIGO stage, which is regarded as 
a drawback of this staging system. In fact, while 
the vaginal extent of cervical cancer can be deter-
mined with a high degree of accuracy by means of 
rectovaginal examination and colposcopy, clinical 
examination has proved to be less accurate in 
evaluating tumor size (especially in primary endo-
cervical tumors), parametrial and pelvic sidewall 
invasion, and metastatic spread including nodal 
status. The concordance between the clinical 
FIGO staging and surgical staging has been 
reported to be 85.4%, 77.4%, 35.3%, and 20.5% 
for stage IB, IB2, IIA, and IIB, respectively (Qin 
et al. 2009). In addition to the inaccuracies of 
clinical staging, the evaluation of nodal status, 
which is a crucial prognostic factor and a determi-
nant in treatment planning, is not considered in 
the FIGO staging system (Lagasse et al. 1980; 
LaPolla et al. 1986). Despite these limitations, 
while the use of modern imaging modalities is 
expressly encouraged in a revised version of the 
FIGO staging system implemented in 2009, cross-

sectional imaging techniques such as ultrasound, 
CT, and MRI remain excluded from the FIGO 
staging system due to their high cost and lack of 
availability in the underdeveloped regions of the 
world, where invasive cervical cancer is most 
prevalent (Pecorelli et al. 2009).

Important factors for staging according to the 
FIGO classification comprise tumor size, vaginal 

Table 1 FIGO staging of cervical cancer (Wiebe et al. 
2012)

FIGO 
stage Description

I Cervical carcinoma strictly confined to the 
cervix

IA Invasive cancer identified only 
microscopically. Invasion is limited to 
measured stromal invasion with a maximum 
depth of 5 mm and no wider than 7 mm

IA1 Stromal invasion no greater than 3 mm in 
depth and no wider than 7 mm

IA2 Stromal invasion greater than 3 mm but no 
greater than 5 mm in depth and no wider than 
7 mm

IB Invasion of stroma greater than 5 mm in depth 
or greater than 7 mm in diameter or clinically 
visible lesion confined to the cervix

IB1 Clinically visible lesion no greater than 4 cm 
in size

IB2 Clinically visible lesion greater than 4 cm in 
size

II Carcinoma extending beyond the uterus but 
not involving the pelvic wall or lower third of 
vagina

IIA Tumor involves the vagina but not its lower 
third. No obvious parametrial involvement

IIA1 Clinically visible lesion ≤4 cm

IIA2 Clinically visible lesion >4 cm

IIB Obvious parametrial invasion but not onto the 
pelvic sidewall

III Tumor involves the lower third of the vagina 
and/or extends to the pelvic sidewall and/or 
causes hydronephrosis/nonfunctioning kidney

IIIA Tumor involves the lower third of the vagina 
but no extension onto pelvic sidewall

IIIB Tumor extends to pelvic sidewall or causes 
hydronephrosis/nonfunctioning kidney.

IV The carcinoma has extended beyond the true 
pelvis or has clinically involved (biopsy 
proven) the mucosa of the bladder and/or 
rectum

IVA Spread to adjacent pelvic organs

IVB Metastatic spread to distant organs
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or parametrial involvement, bladder/rectum 
extension, and distant metastases. In FIGO stage 
I, cervical carcinoma is confined to the cervix. 
Microscopically invasive cervical carcinoma with 
a maximal depth of stromal invasion <0.5 cm and 
maximal width <0.7 cm in horizontal diameter is 
defined as FIGO stage IA. Clinically visible 
lesions up to 4.0 cm and limited to the cervix or 
preclinical cancers greater than stage IA define 
FIGO stage IB1, while clinically visible lesions 
greater than 4.0 cm in size define stage IB2. FIGO 
stage II comprises cervical carcinoma invading 
beyond the uterus but not to pelvic wall or lower 
third of vagina. If there is no obvious parametrial 
involvement, the cancer is staged as FIGO IIA; 
parametrial invasion defines stage FIGO IIB. In 
FIGO stage III the tumor has invaded the lower 
third of vagina (IIIA) or has extended to the pelvic 
wall and/or has caused hydronephrosis or a non-
functioning kidney (IIIB). All cases with hydro-
nephrosis or nonfunctioning kidney are included 
in stage IIIB, unless they are known to be due to 
other causes. FIGO stage IVA is characterized by 

invasion of the bladder or rectum or by tumor 
extension beyond the true pelvis. The presence of 
distant metastases establishes stage IVB disease.

1.8  Growth Patterns

The vast majority of cervical carcinomas arise 
from the squamocolumnar junction and typically 
show exophytic growth in the outer cervix in 
younger women. With retraction of the transfor-
mation zone into the cervical canal in older 
women, endophytic growth patterns of cervical 
cancer become more common (Fig. 1).

Cervical cancer is characterized by continuous 
invasive growth with extension into the vagina, 
parametria, uterine corpus, bladder, rectum, and 
peritoneal cavity. In the same way, the tumor 
spreads to pelvic lymph nodes. Preferred sites of 
nodal metastases are the obturator fossa, the nodes 
along the external, internal, and common iliac 
vessels, the presacral lymph nodes, and the para-
aortic nodes (Fig. 2). The risk of lymph node 

Fig. 1 Growth patterns of 
cervical cancer: exophytic, 
endophytic ulcerative, and 
endophytic expansion with 
barrel-shaped configura-
tion of the cervix (from 
Schmidt-Matthiesen and 
Wallwiener 2005)
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metastasis correlates with the stage of cervical 
cancer. In stage IA1 disease (microscopic infiltra-
tion of stroma) without vascular space involve-
ment, the probability of pelvic lymph node 
metastasis is less than 1% (Metcalf et al. 2000) vs. 
10–20% in stage IB disease. When there is cancer 
extension beyond the cervix with involvement of 
the upper vagina in stage IIA, the risk of pelvic or 
para-aortic nodal metastases increases to 25% and 
to over 30% when there is parametrial invasion 
(stage IIB). The risk is 45% in stage III tumors 
with involvement of the lower third of the vagina 
or extension to the pelvic wall and 55% in stage 
IVA with infiltration of the bladder or rectum. The 
probability of metastatic spread to para-aortic 
nodes becomes relevant for stage IIA and above, 
where it is 8–17%. Para-aortic nodal metastases 
are regarded as distant metastases and are rare 
when the pelvic nodes are negative.

Hematogenous dissemination is rare and is 
seen only in advanced cervical cancer. The 
10-year risk of distant metastases varies with the 
stage and ranges from 3% for IB cervical cancer 
and 75% for stage IVA. Preferred sites of distant 
metastases are the para-aortic and supraclavicu-
lar lymph nodes, lungs, abdominal cavity, and 
skeleton (Fagundes et al. 1992).

The probability of tumor recurrence correlates 
with the disease stage and is 10–20% for stages 
IB and IIA with negative lymph nodes and 
50–70% in advanced tumors of stages IIB–IVA 
and in patients with nodal metastases (Fig. 3) 
(Perez et al. 1995). The incidence of pelvic recur-
rence and metastatic spread is highest during the 

first 2 years after diagnosis and primary therapy 
(Friedlander and Grogan 2002). The true pelvis is 
the site of recurrent disease in 60–80% of cases 
(Fagundes et al. 1992; Stehman et al. 1991; 
Burghardt et al. 1992; Perez et al. 1986).

1.9  Treatment

Treatment of cervical cancer is individualized to 
the patient’s disease stage. Although radiation 
therapy and surgery are equally effective in 
patients with early-stage disease, younger 
patients are usually treated surgically in order to 
preserve the ovaries and avoid radiation-induced 
complications of the lower genital tract. 
Chemoradiotherapy is the standard of care for 
patients with bulky (IB2, IIA2) or locally 
advanced (IIB–IVA) cervical cancer. Standard 
concurrent chemoradiation therapy includes 
external pelvic irradiation plus brachytherapy.

1.9.1  Treatment of Microinvasive 
Cervical Cancer

FIGO stage IA1 disease with no lymphovascular 
invasion has less than a 1% chance of lymphatic 
metastasis and may be managed conservatively 
with conization without lymphadenectomy to 
preserve fertility or with total hysterectomy 
when preservation of fertility is not desired or 
relevant. Patients with stage IA2 cervical cancer 
without lymphovascular invasion can be treated 
by extrafascial hysterectomy or by conization (to 
preserve fertility). In the presence of lymphovas-
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cular invasion, modified radical hysterectomy or 
radical trachelectomy with pelvic lymphadenec-
tomy should be performed. Radical trachelec-
tomy with laparoscopic lymphadenectomy 
procedure offers a fertility-sparing option for 
carefully selected patients with stage IA2 or 
stage IB1 lesions of 2 cm diameter or less situ-
ated at least 1 cm away from internal cervical os. 
Further criteria for patient eligibility for radical 
trachelectomy comprise among others the 
absence of capillary space involvement in intra-
operative pathologic specimens and limited 
endocervical involvement at colposcopic exami-
nation (Dargent et al. 2000).

1.9.2  Treatment of Grossly Invasive 
Cervical Carcinoma (FIGO 
IB-IVA)

In patients with stage IB1 and IIA1 cervical car-
cinoma radical surgery and primary curative 
radiotherapy have proven to be equally effective. 
Generally, radical surgery is preferred in younger 
women because it has less deleterious conse-
quences for the ovaries and vagina and less severe 
long-term effects on the urinary bladder and rec-
tum as compared with radiotherapy. Radical hys-
terectomy according to Wertheim (Fig. 4a) and 
pelvic lymphadenectomy is considered the stan-
dard surgical approach to treat stage IB1 and 
IIA1 cervical cancer (Piver et al. 1974).

Lymph node dissection is performed in all 
cases of vascular space invasion regardless of 
depth of infiltration (Piver et al. 1974; Benedet 
and Anderson 1996; Committee on Practice B-G 
2002). Surgical removal and examination of the 
so-called sentinel lymph node as part of surgical 
staging are under clinical evaluation. The results 
available so far suggest a high negative predictive 
value (Martinez-Palones et al. 2004; Marchiole 
et al. 2004). The sentinel lymph node is the 
regional lymph node that is assumed to be the first 
lymph node affected in case of metastatic spread.

Alternatively to surgery, primary or neoadju-
vant radiochemotherapy is used to treat cervical 
carcinomas with a large volume, with infiltration 
of the vagina, or with parametrial involvement.

Following surgery, adjuvant radiochemother-
apy is performed in patients with an increased 
risk of local pelvic recurrence. An increased risk 
of recurrence is assumed when there is a large 
tumor volume, a positive surgical margin, a very 
small safety margin, invasion of blood and lym-
phatic vessels, parametrial infiltration (Plaxe and 
Saltzstein 1999), or lymph node metastasis. A 
higher recurrence rate has also been identified for 
the histologic types of adenocarcinoma and clear 
cell carcinoma (Sedlis et al. 1999).

Advanced cervical carcinomas (FIGO stages 
III and IV) and bulky cervical cancers (FIGO IB2 
and FIGO IIA2) are not amenable to primary 

a b

Fig. 4 Operative techniques. (a) Radical hysterectomy 
with removal of the uterus, vaginal cuff, parametria, and 
parailiac and para-aortic lymph nodes. Depending on the 
extent of parametrial removal, different types of hysterec-
tomy are distinguished according to Piver. (b) Radical 

trachelectomy with removal of the uterine cervix, parame-
tria, a vaginal cuff, and parailiac lymph nodes with subse-
quent uterovaginal anastomosis (from the lecture script of 
the Dept. of Gynecology and Obstetrics, Jena University 
Hospital, Germany)
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curative surgery. For these tumor stages, primary 
definitive radiochemotherapy is the treatment of 
choice. Pretreatment surgical lymph node staging 
may be performed to exclude para-aortic lymph 
node metastases and may additionally serve to 
perform oophoropexy or to reduce the tumor bulk.

Radiotherapy consists of external beam irra-
diation of the uninvolved pelvic lymphatics and 
uninvolved parametrial tissue with a dose of up to 
45 Gy in 180–200 cGy per fraction and image-
guided brachytherapy. The dose delivered by 
external beam radiotherapy is adjusted to the 
local tumor extent and metastatic nodal involve-
ment (boost). A larger field of external irradiation 
is chosen in patients with para-aortic lymph node 
metastases.

Alternatively, stage IVA cervical cancer with 
invasion of adjacent pelvic organs can be treated 
with primary pelvic exenteration. The most com-
mon therapies according to stage are summarized 
in Table 2.

1.9.3  Treatment of Recurrent Disease
Local tumor recurrence with infiltration of the 
bladder or rectum but without extension to the 
pelvic sidewall can be treated by potentially cura-
tive pelvic exenteration. With strict patient selec-
tion, the 5-year survival rate is 82% (Holtz and 
Dunton 2002). Various other surgical options are 
available for removal of recurrent tumor. In 
patients not having undergone radiotherapy or 
chemotherapy before, these therapeutic options 
are available for treating central pelvic  recurrence. 
Repeat radiotherapy achieves successful local 
control with improvement of symptoms in cases 
of recurrent tumor outside the primary radiation 
field. Palliative chemotherapy is the final option 
available to all patients in whom curative surgery 
or radio(chemo)therapy is no longer possible.

1.9.4  Treatment of Cervical Cancer 
During Pregnancy

The diagnosis of cervical cancer in a pregnant 
woman presents a therapeutic dilemma. CIN 
lesions or microinvasive cancer (stage IA1) can be 
treated with conization and cerclage with continu-
ation of the pregnancy. Following delivery, thor-
ough repeat evaluation is performed. In patients 
with more advanced cervical cancer diagnosed 
in early pregnancy, hysterectomy with termina-
tion of the pregnancy is recommended. Patients 
in advanced pregnancy have the option of prema-
ture delivery by cesarean section with subsequent 
definitive cancer treatment. Continuation of preg-
nancy with delay of cancer treatment is advocated 
only after the patient has been fully informed 
of the potential risks and counseled about the 
options available and undergoes close follow-up 
for evaluation of further tumor development.

1.10  Prognosis

There is a strong correlation between the prognosis 
of patients with cervical cancer and stage of disease 
at diagnosis. Consistently, while the overall 5-year 
survival rate for patients with cervical cancer is 
68%, survival rates vary markedly according to the 
different clinical stages. The 5-year survival rate is 
93% for stage IA cervical carcinoma and 80% for 
stage IB tumors. In patients with more advanced 

Table 2 Therapy of cervical cancer

Stage Standard treatment options

FIGO IA Conization

Total hysterectomy

Modified radical hysterectomy with 
lymphadenectomy

Radical trachelectomy (in patients 
wishing to preserve their fertility)

Intracaviatry radiation therapy

FIGO IB, IIA Radical hysterectomy and bilateral 
pelvic lymphadenectomy with or 
without pelvic radiation therapy plus 
chemotherapy

Radiation therapy with concomitant 
chemotherapy

Neoadjuvant chemotherapy

Radiation therapy alone

Intensity modulated radiation 
therapy (IMRT)

FIGO IIB, III, 
IVA

Radiation therapy with concomitant 
chemotherapy

Interstitial brachytherapy

Neoadjuvant chemotherapy

FIGO IVB Palliative radiation therapy

Palliative chemotherapy

Recurrent 
cervical 
cancer

Radiation therapy and chemotherapy

Palliative chemotherapy

Pelvic exenteration
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cervical cancer, 5-year survival is 58% for those 
with parametrial invasion (stage IIB), 16% for 
patients with infiltration of pelvic organs (IVA), 
and 15% when distant metastases (IVB) are pres-
ent. Patients with negative lymph nodes have a 
5-year survival rate of 90% as opposed to 60–20% 
for patients with lymph node metastases. Tumor 
extension to para-aortic lymph nodes reduces sur-
vival by half. For instance, the 5-year survival rate 
of stage IB decreases from 85% to 50–60% in 
patients with pelvic lymph node metastases and to 
only 25% in patients with para-aortic lymph nodes 
(Kosary 2007; Tewari et al. 2014).

The prognosis for patients with recurrent cervi-
cal carcinoma is reported to be less than 10% but 
there are subgroups of patients with markedly bet-
ter prognosis. Five-year survival rates range from 
30 to 70% in patients with curative pelvic exentera-
tion for central tumor recurrence (Brenner 2002; 
Sant et al. 2001). Similar survival rates of 40–70% 
are reported for curative radiotherapy of recurrent 
cervical carcinoma in patients not having under-
gone primary radiation therapy. However, the prog-
nosis strongly depends on the size of the recurrent 
tumor and its location. Recurrent tumor in the pel-
vic sidewall is associated with a disease-free 5-year 
survival rate of 20–50%, which is below that of 
central tumor recurrence (Hille et al. 2003).

2  Imaging

2.1  Indications

Currently, MRI is recommended for pretreatment 
assessment of local tumor extent in patients with 
histologically proven FIGO stage IB or greater 
(Balleyguier et al. 2011). It provides relevant 
information for deciding between primary opera-
tion and radiotherapy. It is the method of choice 
for local tumor staging: assessing the depth of 
infiltration, tumor volume, and involvement of 
adjacent structures. The clinical examination is 
inadequate to exclude parametrial invasion and 
infiltration of the urinary bladder and rectum while 
the extent of vaginal involvement can be deter-
mined more reliably by means of colposcopy. MRI 
is the most accurate imaging modality (90%) for 
distinguishing cancer confined to the cervix from 

cancer with parametrial infiltration (stage IB from 
IIB). A recent meta-analysis of the available litera-
ture on the diagnostic performance of clinical 
examination and MRI in detecting parametrial 
invasion and advanced-stage disease (FIGO stage 
≥IIB) revealed a pooled sensitivity of 40% (95% 
CI 25–58) for the evaluation of parametrial inva-
sion with clinical examination comparing with 
84% (95% CI 76–90) with MRI and 53% (95% CI 
41–66) for the evaluation of advanced disease with 
clinical examination as opposed to 79% (95% CI 
64–89) with MRI (Thomeer et al. 2013). 
Conventional radiologic modalities such as cystos-
copy, rectosigmoidoscopy, or double-contrast bar-
ium enema, as recommended in the FIGO 
classification, have been abandoned in most cases 
since MRI has become firmly established as the 
first-line modality for evaluating the local extent of 
cervical cancer. MR urography has also replaced 
conventional IV urography, which used to be the 
standard procedure in patients with advanced or 
recurrent cervical cancer and clinically suspected 
urinary obstruction. In this way, MRI evaluation of 
cervical cancer is even cost effective (Hricak et al. 
1996). Cervical cancer of stages 0 (carcinoma in 
situ) and IA (microinvasive cervical cancer)  cannot 
be assessed directly by MRI or CT. Nevertheless, 
in clinical practice, pelvic MRI could be per-
formed for pretherapeutic evaluation of the pelvic 
organs and for radiologic lymph node staging at 
these early stages as well. Most patients already 
have a histologic diagnosis of cervical cancer at 
the time of the exam. This means that MRI is per-
formed to evaluate the extent of the cervical carci-
noma and not to detect it.

MRI is considered the best method for plan-
ning radiochemotherapy and for following up 
tumor response to therapy. Pelvic CT scanning is 
the established technique for planning radiother-
apy in cervical cancer.

In the aftercare of patients, MRI can distin-
guish postoperative scar formation or postactinic 
changes from recurrent tumor after about 
6 months, and guidelines also recommend pelvic 
MRI in patients with suspected recurrence of cer-
vical cancer.

With its lower soft-tissue contrast, CT is 
widely less used for assessing the local extent of 
cervical cancer.
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2.1.1  Role of CT and MRI
The most important advantages of multislice CT 
over MRI are the shorter examination time and 
the high spatial resolution. Reported staging 
accuracy for computed tomography ranges from 
32 to 80% in literature. The major drawback of 
CT is the markedly poorer soft-tissue contrast 
compared with MRI and the resulting inadequate 
differentiation between tumor and normal cervi-
cal stroma or parametrial structures (Fig. 5). The 
sensitivity for parametrial invasion ranges from 
17 to 100%, with an average of 64%. Specificity 
ranges from 50 to 100%, with an average of 81%. 
Hence, the diagnostic accuracy of CT is inade-
quate for the detection of small cervical cancers 
and early parametrial infiltration, having only a 
minor role in the local staging (Brenner et al. 
1982; Villasanta et al. 1983; Tsili et al. 2013; 
Hricak et al. 2005). Unenhanced CT identifies 
tumors only indirectly as cervical enlargement, 
while tumors are depicted after contrast medium 
administration as contrast-enhancing lesions. 
Parametrial infiltration is detected indirectly by 
an irregular cervical demarcation or larger intra-
parametrial lesions. CT depicts rectal or bladder 
infiltration only indirectly as consumption of the 
fat lamella or in advanced tumor stages when 
there is wall thickening or a tumoral mass pro-
truding into the lumen. In cases where pelvic CT 
is performed, combined oral and rectal contrast 
medium administration is recommended.

On the other hand, CT is the method of choice 
for excluding pulmonary metastases, which is the 
reason why guidelines in Germany recommend a 
chest CT scan for patients with FIGO stage III or IV 
(Schmidt-Matthiesen and Wallwiener 2005). CT of 
the chest is performed with IV contrast adminis-
tration and including the supraclavicular lymph 
nodes. Finally, CT can be used as an alternative 
modality for lymph node staging and liver imaging 
and is indicated for evaluating the extent of osseous 
damage in patients with bone metastases.

With its excellent soft-tissue contrast on 
T2-weighted images, MRI is the imaging 
modality of choice for assessment of cervical 
cancer. This is ensured by multiplanar capabili-
ties of imaging planes and imaging in two planes 
(Table 3) (Hricak et al. 1988; Kim and Han 
1997), allowing optimal adjustment to pelvic 

a b

Fig. 5 Comparison of CT and MRI. (a) No cervical tumor can be delineated in the sagittal reconstruction of a CT scan. 
(b) Cervical carcinoma is shown in the ventral cervix (arrow) in T2-weighted (T2w) sagittal MRI

Table 3 Sensitivity and specificity of MRI in pretreat-
ment staging of cervical cancer

FIGO stage
MRI 
accuracy (%)

CT accuracy 
(%)

IB (tumor localization) 91

IIA (vaginal infiltration) 93

IIB (parametrial 
infiltration)

94 70

IIIB (extension to pelvic 
sidewall)

75

IVA (bladder infiltration) 99

Average stage 83 63
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anatomy. MRI differentiates a tumorous lesion 
from surrounding tissue and permits precise 
determination of its size. T2-weighted images 
depict the organs of the true pelvis, and their 
zonal anatomy, which is the basis for identifica-
tion of intra- and extracervical tumor extension. 
Furthermore, the calculated apparent diffusion 
coefficients of cervical cancer have shown to be 
lower than those of normal cervical stroma, pro-
viding increased contrast between the normal 
cervical stroma and cervical tumor (Hoogendam 
et al. 2010). In fact, the addition of diffusion-
weighted imaging improves interobserver 
agreement, especially when T2-weighted 
images are equivocal (Chen et al. 2010). MRI is 
superior to clinical evaluation in assessing 
tumor size; its measurements are within 0.5 cm 
of the surgical size in 70–94% of cases (Hricak 
et al. 1988; Mitchell et al. 2006). For the assess-
ment of small-volume disease, the use of an 
endovaginal coil has been reported to be more 
sensitive than an external-array coil (Downey 
et al. 2016). Studies in the literature report accu-
racy of 88–97% for MRI in the detection of 
parametrial invasion as compared to 72% for CT 
(Brodman et al. 1990; Sala et al. 2007; Scheidler 
and Heuck 2002). The superior depiction of the 
vaginal anatomy by MRI with differentiation of 
the mucosal and muscular layers of the wall 
results in earlier detection of vaginal involve-
ment, with an accuracy of 90% as opposed to 
77–82% for CT (Togashi et al. 1989). Infiltration 
of the bladder and rectum is demonstrated 
directly by MRI and identified with an accuracy 
of 96–100% (Preidler et al. 1996; Ebner et al. 
1994). The overall staging accuracy of MRI 
ranges from 75 to 96% (Sala et al. 2007; 
Scheidler and Heuck 2002; Ascher et al. 2001).

With regard to lymph node staging, MRI and 
CT have similar sensitivities of only up to 70%, 
while specificity is high at approximately 95% 
(Hricak et al. 1988; Togashi et al. 1989; Boss 
et al. 2000). Both imaging modalities primarily 
rely on morphometric criteria for identifying 
metastatic nodes and therefore fail to detect 
micrometastases that do not affect lymph node 
size and shape. Preliminary studies evaluating 
the use of diffusion-weighted imaging for lymph 
node assessment have revealed that nodal metas-
tases show significantly decreased apparent dif-

fusion coefficients compared with benign lymph 
nodes, and abnormal nodes as small as 5 mm may 
be detected with diffusion imaging (Lin et al. 
2008; Kim et al. 2008).

MRI is also a valuable imaging technique for 
excluding or demonstrating local tumor recur-
rence. In particular, MRI enables differentiation 
of postoperative or radiation-induced scars from 
recurrent tumor. Additional contrast-enhanced 
dynamic Tl-weighted studies are helpful to dif-
ferentiate therapy-related changes from tumor 
tissue. In contrast, CT demonstrates most local 
recurrences only when they produce a mass effect 
or infiltrate adjacent structures or organs (Heron 
et al. 1988).

2.2  Imaging Technique

2.2.1  MRI
Streamlined technical guidelines for uterine cer-
vical cancer staging and follow-up with MRI 
were recently issued by the female imaging sub-
committee of the ESUR (European Society of 
Urogenital Radiology) and may serve as an 
excellent guide to achieve state of the art exami-
nations (Balleyguier et al. 2011).

A brief gynecologic history should be 
obtained prior to the MRI examination. As 
the morphologic appearance of the uterus var-
ies with the patient’s hormonal status, infor-
mation on the phase of the menstrual cycle or 
postmenopausal status as well as on hormone 
therapy should be gathered. Moreover, the his-
tory should comprise information on pregnan-
cies and cesarean sections as well as on invasive 
diagnostic procedures such as cervical coniza-
tion or curettage. In patients undergoing follow-
up MRI, information on earlier pelvic surgery 
or radiochemotherapy is important. The radiolo-
gist needs these data to correctly interpret the 
morphologic MR appearance.

MRI is performed with the patient in the 
supine position. Fasting is not necessary prior to 
the examination.

Moderate bladder filling will straighten an 
anteflexed uterus. Too much bladder filling may 
lead to restlessness during the course of the 
examination and may even make it necessary to 
discontinue the examination.
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For an optimal image quality, artifacts caused 
by intestinal peristalsis should be minimized, in 
general by administration of a spasmolytic agent 
at the beginning of the examination. The usual 
agent is butylscopolamine bromide (Buscopan) 
administered intravenously or intramuscularly 
at a dose of 40 mg. This spasmolytic agent has 
an elimination half-life of 2–3 h. The onset 
of spasmolytic activity is immediately after 
IV administration while it is delayed by a few 
minutes after IM administration. Alternatively, 
patients with contraindications to butylscopol-
amine bromide (hypersensitivity, glaucoma, 
driving immediately after the examination) are 
given an IV dose of 2 mg glucagon (GlucaGen). 
Technically, motion artifacts can be reduced by 
rapid image acquisition.

A high signal-to-noise ratio (SNR) and a 
high spatial resolution are important for optimal 
pelvic evaluation by MRI. For this reason, body 
phased-array surface coils are most frequently 
used. The resolution can also be improved with 
the use of a small field of view (FOV), for 
instance 20 × 20 cm, in combination with phase 
oversampling to prevent wrap-around artifacts 
(aliasing). With surface coils being highly sus-
ceptible to artifacts caused by respiratory 
motion of the abdominal wall, all sequences 
must be acquired with presaturation of the 
abdominal wall.

A valuable alternative to the phased-array 
surface coils, in case of small-volume cervical 
carcinomas, is the endovaginal MRI technique 
consisting of a ring-design endovaginal receiver 
coil of solenoid geometry inserted into the 
vagina and positioned around the cervix 
(deSouza et al. 2006).

The imaging area should comprise not only 
the pelvis but also the abdomen up to the renal 
hilum in order to include the para-aortic lymph 
nodes. This applies especially to patients with 
cervical cancer stage IIB and above.

The MRI examination begins with a localizer 
scan in transverse, sagittal, and coronal orienta-
tion, followed by T2-weighted imaging in two 
planes. T2-weighted sequences have the highest 
soft-tissue contrast and thus provide most of the 
information on the localization and extent of a 

cervical carcinoma. They are the basis of any pel-
vic MRI examination.

The first T2-weighted sequence should be 
acquired in the sagittal plane and cover the uterus 
and vagina to the pelvic floor. This sequence 
should be acquired with high resolution using 
thin slices and a small FOV, i.e., a 384 × 256 
matrix size, a FOV of 240 mm, and a slice thick-
ness of 4–5 mm.

The sagittal T2-weighted images may serve to 
plan the transverse angulated T2-weighted 
sequence. The transverse sequence should be 
angulated for alignment perpendicular to the axis 
of the cervical canal. As with the sagittal sequence, 
the imaging field in transverse orientation extends 
from the fundus uteri to the pelvic floor. Images 
should be acquired with a slice thickness of 
4–5 mm, a 384 × 256 matrix, and a phase resolu-
tion of at least 75% (Table 4 and Fig. 11).

The cervix uteri is normally anteversed and 
forms an angle of about 90° with the axis of the 
vagina. The uterine corpus is flexed forward, 
resulting in an angle of 70°–100° relative to the 
cervix. The degree of anteflexion varies with 
bladder filling and is also affected by the size of 
the uterine corpus. From puberty onwards, the 
cervix-to-corpus ratio is 1:2, and the corpus 
becomes again smaller after menopause and 
descends into the true pelvis. The positions of the 
uterus are shown in Fig. 6.

Angulated image acquisition ensures optimal 
depiction of the cervix and parametria and their 
topographic relationships (Fig. 7). It is important 
that the angulation does not exceed 45° to avoid 
acquisition in coronal orientation with reversal of 
left and right.

In cases of vaginal involvement with the risk 
of parametrial infiltration through the paravagi-
nal tissue from below, additional angulation per-
pendicular to the vagina is useful. For optimal 
evaluation of vaginal infiltration, the vagina may 
be distended with ultrasound gel. Involvement 
of the pelvic floor muscles in advanced tumors 
is evaluated on coronal T2-weighted images, 
which is especially suited for evaluation of 
the levator ani muscle. Information on muscle 
involvement is important for planning of the sur-
gical procedure.
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For evaluation of the pelvic sidewall and 
lymph node staging, an additional proton-density 
or a T1-weighted sequence in transverse orienta-
tion should be performed (see Fig. 10). The 
acquisition starts at the level of the aortic bifurca-
tion and extends to below the pelvic floor. A slice 
thickness of 6 mm is used, with a 512 matrix and 
a phase resolution of at least 60%. Complete cov-
erage of the inguinal lymph nodes should be 
attempted in patients with cervical cancers 
involving the lower third of the vagina (stage 

IIIA or higher), which are more likely to be asso-
ciated with inguinal lymph node metastasis.

Although intravenous contrast medium 
administration is not routinely used for primary 
staging of cervical cancer, recent studies have 
shown that contrast-enhanced T1-weighted 
imaging may be superior to T2-weighted imag-
ing in terms of cervical cancer tumor localiza-
tion and tumor margin detection, especially for 
patients with small tumors (Akita et al. 2011) 
(Figs. 8 and 9).

Anteversio-Anteflexio
(normal position)

Anteversio-Retroflexio

Retroversio-Anteflexio Retroversio-Retroflexio

Fig. 6 Positions of the 
uterus. Version is the 
tilting of the uterus relative 
to the vagina and varies 
with bladder filling 
(typically 90°). Flexion 
refers to the position of the 
uterine corpus relative to 
the cervix (typically 
70°–100°) (from Rohen 
1999)
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Contrast-enhanced images can also improve 
the diagnostic accuracy of identifying tumorous 
infiltration of the urinary bladder or rectum. 
The extent of infiltration is visualized as a dis-
ruption of the muscular wall of these organs, 
which is of lower signal intensity on 
T1-weighted images. It has been shown that 
contrast-enhanced MRI can improve the differ-
entiation of an edematous stromal reaction of 
the vesical or rectal wall (no enhancement) 
from tumorous infiltration (positive enhance-
ment) (Hawighorst et al. 1997). Contrast-
enhanced pelvic MRI is performed by acquiring 
T1-weighted sequences before and after con-
trast medium (CM) administration. The CM 
generally used is an unspecific gadolinium-
based low-molecular agent administered at a 
dose of 0.5 mmol/kg body weight. The con-
trast-enhanced T1-weighted study can be 
planned by adopting the imaging area and ori-
entation of the T2-weighted sequences.

CM administration is indicated to differentiate 
recurrent tumor from postoperative and postac-
tinic changes at follow-up MRI (Fig. 10). A 
dynamic T1-weighted postcontrast study with 

repeated acquisitions enables temporally resolved 
quantification of CM enhancement.

Diffusion-weighted imaging (DWI) is a 
functional MR technique that helps character-
ization of biological tissues based on water pro-
ton mobility, providing valuable information on 
extracellular space tortuosity, tissue cellularity, 
and cellular membrane integrity (Bammer 
2003; Liu et al. 2015). The architectural mal-
formations associated with cancer result in 
shrinkage of the extracellular space, which in 
turn restricts the diffusion of water. The calcu-
lated diffusion of water in vivo is expressed as 
apparent diffusion coefficient (ADC). In the 
last decade DWI has gained great acceptance 
and has nowadays become part of the routine 
imaging protocol for gynecologic oncology 
imaging. Several studies have demonstrated the 
value of DWI in the detection, staging, and 
characterization of malignant tumors of the 
uterine cervix. DWI enables accurate discrimi-
nation of cervical cancer from benign cervical 
lesions and normal cervical tissue, which may 
be useful in patients with isointense tumors in 
T2-weighted images or in patients with small-

a b

Fig. 7 Angulation. T2w TSE images in sagittal orienta-
tion of a normal cervix. The cervix is shown in strictly 
axial orientation (a) and in angulated axial orientation (b). 
With angulated image acquisition, a superior anatomic 

view is obtained of the structures that are crucial for stag-
ing (cancer, cervical stroma, parametria) and the cervix is 
depicted in more slices
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volume cervical cancer. Recent studies have 
shown the potential ability of DWI to indicate 
the histologic type of cervical cancer as well as 
the grade of tumor differentiation (Liu et al. 
2013, 2015; Thoeny et al. 2012).

Various other sequences are available to 
answer specific queries and provide specific 

information as required according to tumor stage. 
Cervical cancer extending beyond the cervix and 
recurrent tumors are associated with a signifi-
cantly higher risk of metastatic spread to para-
aortic lymph nodes. These lymph nodes are best 
evaluated with high-resolution respiratory-trig-
gered T2-weighted sequences for imaging of the 

a

c d

b

Fig. 8 Contrast enhancement of cervical cancer. (a, b) 
T2w turbo-spin echo (TSE image) in sagittal and trans-
verse orientation. The cervical cancer (asterisks) is seen 
as a hyperintense mass in the surrounding low-signal-
intensity cervical stroma (arrow). (c, d) T1w TSE images 
with fat saturation (FS) in sagittal and transverse orienta-

tion with fat saturation acquired 1 min after administra-
tion of Gadopentetate dimeglumine (Gd-DTPA). There is 
pronounced contrast medium enhancement of the hyper-
vascularized cervical cancer with less enhancement of the 
hypointense normal cervical stroma (arrows)
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abdomen in transverse orientation from the renal 
hili to the aortic bifurcation (Fig. 11).

In patients with locally advanced or recurrent 
cervical cancer, it is often necessary to exclude 
ureteral obstruction, which can be done on trans-
verse T2-weighted images that also serve to 
assess the para-aortic lymph nodes. In addition, 
coronal T2-weighted turbo-spin echo (TSE) 
sequences enable excellent evaluation for possi-
ble urinary retention and require little extra time 
to acquire. In addition, contrast-enhanced MR 
urography can be performed to exclude tumor-
induced hydronephrosis.

Rectouterine or vesicouterine fistulas may 
develop as a complication of radiochemotherapy. A 
clinically suspected fistula is an indication for con-
trast-enhanced MRI using an unspecific gadolin-
ium-based low-molecular contrast medium. 
Fat-saturated T1-weighted sequences in transverse 
and sagittal planes are acquired before and after CM 
administration. The postcontrast sequence is started 
60 s after CM administration to image the venous 
phase. A fistula is typically a filiform structure of 

low-signal-intensity lumen showing contrast 
enhancement of the wall. In addition, T2-weighted 
inversion recovery sequences that null the signal of 
fat have a high accuracy in detecting fistulas.

A technical overview of the recommended 
MR protocol is given in Table 4.

2.2.2  Dynamic MRI
Dynamic contrast-enhanced MRI of the uterine 
cervix is performed to evaluate the course of con-
trast enhancement in a region of interest (ROI) 
placed in a suspicious area. First, an unenhanced 
sequence with an acquisition time of about 23 s is 
acquired, followed by the first postcontrast acquisi-
tion about 15–20 s after CM administration. 
Postcontrast acquisition for measurement of signal 
intensity in the ROI is repeated over a period of 
about 10 min. A dynamic MRI study is part of the 
routine protocol for differentiation of post-thera-
peutic changes from recurrent tumor but is rarely 
necessary in the pretreatment evaluation of patients 
with cervical cancer. Although vital tumor tissue 
typically shows earlier arterial enhancement than 

a b

Fig. 9 Contrast enhancement of cervical cancer. (a) T2w 
TSE image in sagittal orientation. The cervical cancer 
(asterisk) is seen as a large mass of intermediate to high 
signal intensity that is delineated against a very thin mar-
gin of low-signal-intensity cervical stroma and against the 
more hypointense myometrium of the uterine corpus. 

There is barrel-shaped expansion of the cervix. (b) T1w 
TSE image with FS in sagittal orientation 1 min after 
Gd-DTPA administration. Enhancement of the hypoin-
tense and hypovascularized cervical cancer is inhomoge-
neous (asterisk) and tumor delineation is not improved by 
contrast medium administration
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a

c

e f

d

b

Fig. 10 Contrast enhancement of cervical cancer. (a–c) 
T2w TSE images in sagittal and transverse orientation. 
Local recurrence of cervical cancer (arrows) is seen as a 
tumor of intermediate signal intensity above the vaginal 

stump. (d–f) T1w TSE images with fat saturation in sagit-
tal and transverse orientation 1 min after Gd-DTPA admin-
istration show local recurrence as an enhancing tumor 
(arrows). Accessory finding in (a): Bartholin cyst (asterisk)
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Fig. 11  Illustration of imaging protocol. (a, b) T2w TSE 
images in sagittal and transverse orientation. (c, d) T1w 
TSE images with fat saturation in sagittal and transverse 
orientation. (e, f) T1w TSE images with FS after contrast 
medium administration in sagittal and transverse orienta-

tion. (g, h) Axial DWI. (i) PD-TSE image for lymph node 
assessment in the true pelvis. (j) T2w TSE image with 
respiratory-gating (PACE) for lymph node assessment in 
the abdomen

a b

c d

e f
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the surrounding cervical stroma (Hricak et al. 
1991), no benefit was found for differentiation of 
the tumor or demonstration of parametrial infiltra-
tion in studies that evaluated color-coded dynamic 
MR images (Postema et al. 1998, 1999). However, 
the demonstration of necrosis and determination of 
tumor vascularization might help to estimate the 
radiosensitivity of a tumor prior to therapy. 
Moreover, a correlation was found between con-
trast medium time-intensity curves and angiogenic 
activity as an indicator of infiltration of the lym-
phatic system (Hawighorst et al. 1998). No correla-
tion was found for other malignancy criteria such 
as infiltration depth and metastatic pelvic nodes.

2.2.3  Coil Technique
Morphologic MRI staging of cervical cancer 
implies high demands on SNR, signal homoge-
neity, and spatial resolution. Therefore, body 
phased-array surface coils are recommended 
because they increase the SNR in comparison to 
volume coils and can also increase the spatial 

resolution, or, alternatively, shorten the acquisi-
tion time. The surface coil is placed on the torso 
and must cover the entire imaging area. Although 
local coils such as endorectal or endovaginal 
coils have proven to be more accurate than exter-
nal array for detecting small cervical cancers, 
they are rarely used as they distort anatomy, for 
instance, by compressing lipid lamellae (deSouza 
et al. 2006). Moreover, an additional examination 
with a body phased-array coil is required in most 
cases to evaluate the entire pelvis including the 
lymph nodes. Since body phased-array coils offer 
a high SNR, are easy to handle, and provide bet-
ter patient comfort, local coils have not yet 
become widely accepted (Fig. 12).

2.2.4  Vaginal Opacification
Evaluation of vaginal involvement is not the most 
important goal of MRI staging, as the vagina can 
be adequately evaluated by clinical examination 
and colposcopy in most patients. On the other 
hand, imaging vaginal infiltration is important for 

g h

i j

Fig. 11 (continued)
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planning brachytherapy. The insertion of a vagi-
nal tampon soaked with contrast medium has 
been abandoned because distention of the vagina 
is incomplete while anatomic relationships are 
distorted. However, intravaginal application of a 
contrast medium, e.g., ultrasound gel as a nega-
tive contrast medium (Fig. 13), was found to 
improve evaluation of vaginal involvement and is 
part of the routine protocol in many centers.

2.3  Staging

2.3.1  General MR Appearance
The basis of the radiologic evaluation of cervical 
cancer is T2-weighted MRI sequences (Shiraiwa 
et al. 1999), which provide high soft-tissue con-
trast for optimal differentiation of tumor from 
normal cervical stroma and adjacent organs. 
Cervical cancer is characterized by a higher 
 signal intensity and is thus delineated against 
the cervical stroma, which has a lower signal 

intensity. Cervical cancer typically develops as 
a circumscribed focal lesion arising from the 
mucosal layer of the cervix. It may grow superfi-
cially in a circular pattern and increases in depth 
with invasion of the cervical stroma. Sagittal 
and transverse T2-weighted sequences serve to 
determine the localization and size of the tumor 
as well as the depth of cervical stroma infiltra-
tion. These sequences are also crucial for exclud-
ing extracervical extension and infiltration of the 
parametria, vagina, bladder, and rectum. The two 
critical issues—depth of infiltration and parame-
trial involvement—can be assessed most reliably 
on transverse images angulated perpendicular to 
the cervical axis.

Cervical cancer arises in the transitional zone 
that marks the junction of the squamous epithe-
lium of the external cervix with the columnar epi-
thelium of the cervical canal. This zone is usually 
located on the portio in younger women, which is 
where cervical cancer usually occurs with exo-
phytic growths. In contrast, older women with 
retraction of the transformation zone into the cer-
vical canal typically develop cervical cancer with 
an endocervical growth pattern (Fig. 13). This 
growth type usually gives rise to the typical bar-
rel-shaped configuration of the cervix as the 
tumor increases in size or an endocervical ulcer 
develops when there is necrosis.

On T1-weighted MR images, cervical cancer 
is similar in signal intensity to the normal cervi-
cal stroma. Demarcation from the corpus uteri, 
vagina, and parametria is also difficult (Fig. 14). 
Only large cervical carcinomas can be identified 
based on their mass effect.

However, T1-weighted images can be useful 
in delineation of the tumor within the lateral 
parametria, which have a higher fat content than 
the medial parametria, resulting in improved con-
trast between high-signal-intense fat and low-
signal-intense carcinoma. In the routine clinical 
setting, T1-weighted sequences are primarily 
used for lymph node staging and for unenhanced 
imaging in cases where contrast medium admin-
istration is planned.

Cervical carcinomas show early enhancement 
15–30 s after contrast medium administration. 

Fig. 12 Tumor growth and vaginal opacification. T2w 
TSE image in sagittal orientation. The high-signal-inten-
sity cervical cancer has a central necrotic cavity (asterisk) 
with an air-fluid level. There is barrel-shaped expansion of 
the cervix and portio through the tumor. Tumor growth 
into the uterine cavity (arrow). Accessory finding: leio-
myoma of the uterine corpus (open arrow). The vagina 
and fornix are distended by gel, which allows exclusion of 
vaginal infiltration
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The increase in signal intensity can improve the 
contrast between the hypointense cervical stroma 
and the hyperintense tumor on T1-weighted 
images. Altogether, however, the signal intensity 
of cervical cancer is heterogeneous and varies 
with vascularization. In pretherapeutic staging 
where precise determination of the extent of the 
tumor in the cervix and its relationship to the cor-

pus uteri, parametrial tissue, and vagina is impor-
tant, most cervical carcinomas are seen more 
clearly on T2-weighted images than on contrast-
enhanced T1-weighted images. This does not 
hold true for advanced cervical carcinomas with 
infiltration of the bladder or rectum or extension 
to the pelvic sidewall and for the exclusion of 
recurrent tumor by post-therapeutic MRI.

a b

c d

Fig. 13 Comparison of T2w and T1w imaging. (a, b) 
T2w TSE images in sagittal and transverse orientation 
showing stage IIB cancer of the posterior cervix. There is 
posterior (sagittal) and left lateral (transverse) disruption 
of the hypointense cervical stroma (arrows). (c, d) T1w 

TSE images with FS in identical sagittal and transverse 
orientation. The extent of the cervical cancer in the stroma 
cannot be assessed due to the lower soft-tissue contrast of 
T1w sequences
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2.3.2  Rare Histologic Types
Squamous cell carcinoma is by far the most com-
mon histologic type, accounting for about 90% of 
all cervical carcinomas. Descriptions in this 
chapter and in the literature on cervical cancer in 
general usually refer to this histologic type, 
unless explicitly stated otherwise. In this section, 
other histologic types of cervical cancer, espe-
cially adenocarcinoma, are briefly described with 
regard to their clinical status and imaging fea-
tures (see also Sects. 1.5 and 2.6). In general, it is 
not possible to distinguish these less common 
histologic types from squamous cell carcinoma 
of the cervix based on their MR appearance.

With a proportion of 10–15% of all cervical 
cancers, adenocarcinoma is the most frequent of 
the rarer histologic types. The histologic distinc-
tion is important. Adenocarcinomas arise from 
the columnar epithelium and are associated with 
a higher risk of infiltration of the uterine corpus, 
lymphatic spread, and local recurrence compared 
with squamous cell carcinoma. Adenocarcinoma 
is more difficult to demonstrate histologically, 
which is why the diagnosis is often delayed until 
the tumor has reached an advanced stage. The 
clinical and radiologic evaluation of tumor extent 

also presents a challenge, as some adenocarci-
nomas are characterized by subepithelial growth 
and diffuse infiltration. Parametrial infiltration is 
not always associated with a macroscopic disrup-
tion of the cervical stroma. A focal lesion is not 
always apparent on MRI since small adenocar-
cinomas often grow diffusely and have a signal 
intensity similar to that of normal cervical tissue. 
The morphologic MR appearance varies with the 
histologic subtype. Mucinous adenocarcinoma 
is the most common subtype and may be endo-
cervical or ectocervical in location. T2-weighted 
images show a tumor with an intermediate to 
slightly hyperintense signal intensity, depend-
ing on the mucin content. The margin is irreg-
ular and blurred. The second most common 
subtype is adenoma malignum, an extremely 
well-differentiated mucinous adenocarcinoma 
that is very difficult to confirm histopathologi-
cally. Adenoma malignum is composed of clus-
ters of cystic lesions within an otherwise more 
or less solid tumor tissue of high signal intensity. 
The solid portions are key to the differentiation 
from dilated cervical glands and nabothian cysts. 
Other histologic subtypes are endometrioid, clear 
cell, and serous adenocarcinoma of the cervix, 

a b

Fig. 14 Determination of tumor size. (a, b) T2w TSE 
images in sagittal and transverse orientation (arrows) with 
barrel-shaped expansion of the cervix. Maximum tumor 

diameter is determined according to the RECIST criteria 
of the WHO, in the example on the sagittal image (line)
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which are histologically similar to carcinomas 
of the uterine corpus. They are of an intermedi-
ate to slightly high signal intensity on MRI and 
arise in the endocervix, from where they infil-
trate the cervical stroma. In this type of tumor, it 
may be difficult to determine whether the origin 
is in the cervix or in the uterine corpus. In gen-
eral, the part of the uterus from which the tumor 
arises shows deeper infiltration and more marked 
enlargement to the respective other part (cervix 
or corpus). The rare subtype of adenosquamous 
cervical carcinoma resembles squamous cell car-
cinoma with regard to its growth pattern and mor-
phologic appearance on MR images.

Neuroendocrine cervical carcinoma is the sec-
ond most frequent of the rare histologies. With its 
heterogeneous appearance and high signal inten-
sity on T2-weighted images, neuroendocrine cer-
vical carcinoma resembles squamous cell 
carcinoma at MRI (Lopes Dias et al. 2015).

2.3.3  Tumor Size
Cervical cancer is revealed by MRI when tumors 
are large enough to be macroscopically visible, 
which is the case when the tumor has a diam-
eter of 1–2 cm or a volume of 2–4 cm (Cancer 
Research UK 2016) (FIGO stage IB). Tumor size 
is the most important prognostic factor besides 
lymphatic metastasis. T2-weighted MRI in at 
least two planes is the method of first choice for 
determining tumor size (Hawighorst et al. 1997), 
since cervical cancer is best distinguished from 
surrounding tissue in these sequences. While 
gynecologic examination tends to underestimate 
tumor size with reported accuracy rates as low as 
60%, MR imaging is very accurate in evaluating 
tumor size with 93% of cases within 5 mm of the 
histologic size (Hricak et al. 1988; Mitchell et al. 
2006; Shiraiwa et al. 1999; Lopes Dias et al. 2015; 
Nicolet et al. 2000; Okamoto et al. 2003; Sahdev 
et al. 2007). Exact assessment of tumor size is 
crucial not only in patients with early-stage cer-
vical cancer scheduled for fertility-sparing sur-
gery, but also for patients with stage IIA cervical 
cancer or less, since patients with tumors larger 
than 4 cm are considered nonsurgical candidates. 
Preliminary comparative studies have shown 
that tumor delineation and determination of size 

can be further enhanced by contrast medium 
administration. Preliminary comparative studies 
have shown that contrast-enhanced T1-weighted 
imaging may by superior to T2-weighted imag-
ing in terms of cervical cancer localization and 
tumor margin detection, especially in patients 
with small tumors (Akita et al. 2011).

Tumor size is usually determined by measur-
ing the longest diameter and its perpendicular. 
Two-dimensional measurement is based on the 
WHO guidelines for evaluating the response of 
solid tumors to chemotherapy or radiotherapy. 
Since a precise description of the spatial extent of 
a tumor is crucial prior to surgery, the tumor 
should also be measured in the third dimension. 
In patients where it is important to evaluate the 
response to radiochemotherapy, tumor size 
should be measured according to the revised 
RECIST1 (response evaluation criteria in solid 
tumors) guideline which uses one-dimensional 
measurements (Eisenhauer et al. 2009) (Fig. 13). 
These guidelines have superseded the two-
dimensional WHO measurement as the standard.

Techniques of tumor volumetry can addition-
ally be applied. These techniques relied on for-
mula such as height × width × length × π/6 to 
calculate approximate tumor volume or deter-
mined the volume by integration of the individual 
slice volumes (Fig. 12).

2.3.4  Local Staging

2.3.4.1 Stage IA
There is no role for MR imaging in patients 
with microinvasive cervical cancer (stage IA). 
Microinvasive cervical cancers do not alter the 
normal morphologic MR appearance of the cer-
vix (Fig. 15). The normal endocervix is depicted 
on T2-weighted images with a hyperintense, 
continuous mucosal layer surrounded by 
hypointense cervical stroma, consisting of con-
nective tissue and smooth muscle. Hence, 
imaging is optional in patients with tumors IB1 
or lower. Colposcopy and conization are the 

1 RECIST is a set of rules defining the criteria for tumoral 
response, stability, or progression during treatment. The 
longest diameter of the non-nodal lesions is measured.
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methods of choice for evaluating these early 
forms of cervical carcinoma. The conization 
defect is depicted on MR images as a circum-
scribed lesion of the external os, quite often 
associated with an adjacent seroma or clot. In 
the further course, shrinkage of the portio can 
sometimes be seen.

2.3.4.2 Stage IB
Stage IB cervical carcinoma has a depth of more 
than 5 mm and a diameter of more than 7 mm or 
is visible clinically. The tumor is still confined 
to the cervix but is characterized by invasive 
local growth. This is the earliest stage that can 
be demonstrated by MRI (Mitchell et al. 2006). 
The average MRI detection rate is 95%. Stage 
IB1 (diameter <4 cm) and stage IB2 (diameter 
>4 cm) are distinguished based on their size. 
Stage IB2 cervical cancer has a poorer prog-
nosis and should be treated with concomitant 
chemotherapy and radiation therapy. Transverse 
and sagittal T2-weighted images depict cervi-

cal carcinoma as a high- or intermediate-inten-
sity lesion within the low-signal-intensity oval 
cervical stroma (Figs. 11, 16, 17, 18, and 19). 
Cervical cancer at this stage is fairly smoothly 
marginated and completely surrounded by low-
signal-intensity cervical stroma. Occasional 
exophytic bulging of a stage IB tumor into the 
vagina or the parametrium may be mistaken for 
infiltration.

A large stage IB2 cervical carcinoma can 
obstruct the cervical canal and lead to hydrome-
tra or hematometra. Hydro- or serometra is sug-
gested by a fluid collection in the uterine cavity 
showing hyperintensity in T2-weighted and low-
signal-intensity in T1-weighted images, whereas 
a hematometra is characterized by high signal 
intensity in T2- and T1-weighted images.

The rationale of using MR imaging at this 
stage of disease is to accurately assess tumor 
size, parametrial invasion, lower vaginal involve-
ment, and lymph node metastases. Identification 
of this prognostic factors would preclude surgical 
treatment and is thus crucial for therapy planning 
(Freeman et al. 2013; Cheng et al. 2004; Kupets 
and Covens 2001).

2.3.4.3 Stage IIA
In stage IIA cervical cancer, infiltration involves 
up to two-thirds of the proximal vagina while 
sparing the lower third. On T2-weighted MR 
images, vaginal involvement is seen as a 

Fig. 15  Stage IB. T2w TSE image in sagittal orientation. 
High-signal-intensity cervical cancer (arrow) primarily 
involving the anterior cervix and the portio. Gel filling of 
the vagina

Fig. 16  Stage IB. T2w TSE image in sagittal orientation. 
High-signal-intensity cervical cancer (arrow) primarily 
involving the anterior cervix and the portio. Gel filling of 
the vagina
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 hyperintense segmental disruption or lesion in 
the otherwise low-signal-intensity vaginal wall. 
Infiltration of the anterior and posterior fornix 
and of the wall is best seen in sagittal orientation 
(Figs. 20, 21, 22, and 23). The radiologist inter-
preting the images must be aware that a large 
exophytic cervical cancer may lead to widening 
of the fornix and thus mimic vaginal infiltration. 
In such cases, opacification and distention of the 
vagina can be helpful. Similarly to stage IB, stage 
IIA is further subdivided into IIA1 (if the tumor 
is 4 cm or smaller in diameter) and IIA2 (for 
tumors greater than 4 cm in diameter). Stage IIA 
is further defined by the absence of parametrial 
invasion. Parametrial infiltration can be reliably 
excluded if the tumor is surrounded by a low-
signal-intensity rim on transverse angulated 
T2-weighted images.

2.3.4.4 Stage IIB
Stage IIB cervical cancer is characterized by 
parametrial infiltration but without extension to 
the pelvic sidewall. Parametrial infiltration has 
important implications for the therapeutic 
approach. While gross parametrial invasion can 
be usually detected by experienced clinicians, 
early invasion usually remains undetected. 
Reported accuracy of clinical staging for detec-

tion of parametrial and pelvic side wall invasion 
amounts to only 29–53% (Hricak et al. 1988; 
Zand et al. 2007). MRI is the only noninvasive 
modality that allows adequate evaluation of para-
metrial infiltration with a reported sensitivity of 
69%, specificity of 93%, and negative predictive 
values of 100% for depicting parametrial inva-
sion (Zand et al. 2007). Sagittal and transverse 
T2-weighted images angulated perpendicular to 
the cervical canal are most suitable to evaluate 
parametrial infiltration. It is indicated by a dis-
ruption of the low-signal-intensity cervical 
stroma and tumoral extension into the parame-
tria. Visualization of an uninterrupted rim of cer-
vical stromal rim thicker than 3 mm (“hypointense 
rim sign”) reliably excludes parametrial infiltra-
tion with a specificity as high as 99% (Zand et al. 
2007). The accuracy of MRI in the evaluation of 
parametrial invasion varies according to the 
tumor size, with 96% accuracy in small tumors 
and 70% in large tumors (Zand et al. 2007). Early 
microscopic parametrial infiltration must be sug-
gested if high-signal-intensity tumor tissue shows 
irregular and unsharp margins and is disrupting 
the hypointense cervical stroma with no normal 
cervical stroma left that separates the tumor from 
the parametria. The most reliable MRI criterion 
of parametrial infiltration is the direct visualization 

a b

Fig. 17  Stage IB. (a, b) T2w TSE images in sagittal and 
transverse orientation. The cervical cancer is seen as a 
high-signal-intensity lesion within the cervix (arrows). 

The cancer is surrounded by low-signal-intensity cervical 
stroma on both sagittal and transverse images. Accessory 
finding: Nabothian cysts
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of a tumor mass extending into the parametria 
(Figs. 24, 25, 26, and 27). Occasionally, the para-
metria may be invaded from below, through the 
paravaginal space. The anatomy of the true pelvis 
determines the further routes of spread of cervi-
cal cancer. Infiltration of the rectouterine or vesi-
couterine ligaments at their cervical attachments 
is seen on MR images as focal thickening. In rare 
cases, parametrial invasion can cause retraction 
with displacement of the cervix to the side of 
infiltration.

2.3.4.5 Stage IIIA
Stage IIIA tumor is established when there is 
involvement of the lower third of the vagina. As 
with stage IIA tumor, sagittal and oblique trans-
verse T2-weighted sequences are most suitable to 
evaluate vaginal infiltration. Tumor infiltration is 
indicated by a hyperintense disruption and con-
tinuous or discontinuous thickening of the vagi-
nal wall that extends to the lower third of the 
vagina. This stage is also associated with an 
increased risk of metastatic spread to the 

a b

c d

Fig. 18  Stage IB. (a, b) T2w TSE images in sagittal and 
transverse orientation. High-signal-intensity lesion of the 
cervix (arrows) with preservation of low-signal intensity 
stroma around the tumor. (c, d) T1w TSE images in sagit-

tal and transverse orientation. No circumscribed cervical 
cancer is seen on the image obtained 1 min after Gd-DTPA 
administration. Accessory finding: uterine adenomyosis
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 superficial inguinal lymph nodes, which must be 
taken into account in the diagnostic evaluation. 
The lower third of the vagina corresponds to the 
length of the urethra (from the pelvic floor to the 
level of the urinary bladder).

2.3.4.6 Stage IIIB
Cervical cancer with invasion of the pelvic side-
wall corresponds to stage IIIB. Cervical cancer 
can reach the pelvic sidewall by continuous lat-
eral growth through the parametrial tissue and the 
sacral bone and through posterior extension 
along the sacrouterine ligaments (Fig. 28). 
T2-weighted images depict tumor infiltration as 
hyperintense lesions in the intermediate signal 
intensity of the muscle, or low signal intensity of 
the cortical bone, or as thickening of the vascular 
wall. T1-weighted imaging allows evaluation of 
the extent of advanced parametrial infiltration 
and possible extension to the pelvic sidewall with 
good delineation of the hypointense tumor mass 
from the lateral parametrial tissue and the inter-
mediate-signal-intensity muscle tissue. The 

tumor-related consumption of the lateral fat plane 
seen on T1-weighted images may already sug-
gest extension to the pelvic sidewall from the sur-
gical perspective even if direct infiltration of the 
sidewall is not yet apparent (Zand et al. 2007). 
Visualization of tumor within 3 mm from the 
obturator internus, levator ani, and piriform mus-
cle or the iliac vessels is considered highly sug-
gestive of stage IIIB disease (Freeman et al. 
2013; Zand et al. 2007).

Ureteral infiltration and obstruction with 
hydronephrosis is also classified as stage IIIB dis-
ease (Fig. 29). The ureter courses over the psoas 
muscle from dorsolaterally before it descends into 
the pelvis. In the true pelvis, the ureter takes an 
anteromedial course from the pelvic sidewall in 
the inferior segment of the parametria toward the 
base of the bladder. At the level of the uterine isth-
mus, the ureter courses lateral to the uterine cer-
vix at a distance of 1–2.5 cm and is over-crossed 
by the uterine artery anteriorly. The ureter is typi-
cally infiltrated when there is lateral tumor growth 
through the parametria. A thickening of the ure-

a b

Fig. 19 Stage IB. (a) T2w TSE image in sagittal orienta-
tion. The cervical cancer (arrow) is depicted as a high-
signal-intensity tumor that primarily involves the posterior 
cervix and is surrounded by low-signal-intensity cervical 

stroma. There is no infiltration of the posterior vaginal 
fornix (open arrow). (b) T1w TSE image with FS in sagit-
tal orientation. Following administration of Gd-DTPA, a 
partially necrotic tumor is depicted
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teral wall or hydronephrosis is seen. In patients 
with a tumor mass in the parametria, the kidneys 
and urinary tract should be included in the imag-
ing volume in order to confirm or exclude ureteral 
obstruction and hydronephrosis.

2.3.4.7 Stage IVA
Stage IVA cervical cancer is characterized by 
infiltration of the mucosa of the rectum or uri-
nary bladder. The FIGO classification is based 
on mucosal infiltration of these organs because 

the outer wall layers are not amenable to evalua-
tion by endoscopy and biopsy. MRI, on the other 
hand, can identify infiltration of the outer mus-
cular layer of the bladder and rectum. Tumor 
extension to the rectum is either through inva-
sion of the sacrouterine ligament or through 
direct infiltration of the pouch of Douglas with 
subsequent extension of the tumor to the anterior 
rectal wall (Fig. 30). The peritoneal fold of the 
rectouterine space (pouch of Douglas) acts as a 
natural barrier that aggravates extension to the 
anterior rectal wall.

The urinary bladder is infiltrated through con-
tinuous anterior growth of the cervical tumor along 
the peritoneal fold between the cervix and the 
bladder, also referred to as the vesicouterine liga-
ment (Figs. 31 and 32). Sagittal and transverse 
T2-weighted MR images depict infiltration as seg-
mental disruption of the hypointense muscular 
layer of the wall of the bladder or rectum by hyper-
intense tumor. Contrast-enhanced Tl-weighted 
images often enable a more reliable identification 
of segmental disruption because of stronger 
enhancement of the tumor as compared with the 
muscular layer. Infiltration of the wall of the blad-
der and/or the rectum as well as contiguity of cer-
vical cancer with either of these organs have 
important therapeutic implications. Bladder or 
rectal invasion can be depicted by means of MR 
imaging with a sensitivity and specificity of 
71–100% and 89–91%, respectively (Rockall et al. 
2006). For the exclusion of bladder and rectal 
invasion MR images achieve negative predictive 
values of 100%, making invasive endoscopic 
examinations obsolescent (Rockall et al. 2006).

Tumor infiltration of these hollow organs is 
quite often associated with the development of fis-
tulas. A collection of air in the urinary bladder 
may indicate a vesicouterine fistula especially in 
patients under chemo- or radiotherapy (Figs. 46, 
47, and 48). A fistula can be best demonstrated 
with fat-saturated, contrast-enhanced T1-weighted 
sequences, which will depict the fistula as an 
enhancing formation with a nonenhancing fili-
form lumen. Alternatively, a fistula can be demon-
strated as a hyperintense filiform structure with a 
high sensitivity by using a T2-weighted inversion 
recovery sequence.

a

b

Fig. 20 Stage IB. (a) T2w TSE image in sagittal orienta-
tion. The cervical cancer (arrow) is depicted as a high-
signal-intensity tumor that primarily involves the posterior 
cervix and is surrounded by low-signal-intensity cervical 
stroma. There is no infiltration of the posterior vaginal 
fornix (open arrow). (b) T1w TSE image with FS in sagit-
tal orientation. Following administration of Gd-DTPA, a 
well vascularized cervical cancer is depicted
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2.3.4.8 Stage IVB
Stage IVB cervical cancer is characterized by 
hematogenous dissemination.

2.3.5  Lymph Node Staging
Following invasion of the dense network of lym-
phatic vessels in the parametria, cervical cancer 
can spread to the pelvic and para-aortic lymph 
nodes. The presence of lymph node metastases 
affects treatment planning and survival. Although 
several studies have shown that the presence of 
nodal metastases is among the most important 
prognostic factors in patients with cervical can-
cer, the nodal status is not taken into account by 
the FIGO classification. The earliest tumor stage 
associated with lymph node metastasis is IB 
(20%) and the risk increases with tumor size and 
stage (see Sects. 1.7 and 1.9). The risk of meta-
static lymph nodes is increased in tumor recur-
rence and in patients with adenocarcinoma as 
compared with squamous cell carcinoma. 
Lymphatic spread usually first affects the primary 

Fig. 22 Stage IIA. (a) T2w TSE image in sagittal orienta-
tion. Cervical cancer seen as a high-signal-intensity mass 
of the anterior cervix (arrow) with infiltration of the prox-
imal vagina (open arrow)

a b

Fig. 21 Stage IIA. (a) T2w TSE image in sagittal orienta-
tion. High-signal-intensity cervical cancer with ulceration 
(open arrow) of its posterior portion and infiltration of the 
posterior vaginal fornix (arrow). (b) T1w TSE image in 

sagittal orientation. Following administration of 
Gd-DTPA, a low-signal intensity (hypovascularized) cer-
vical cancer with ulceration and tumor infiltration of the 
posterior vaginal fornix is seen. Gel filling of the vagina
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lymph node stations in the parametrium, along 
the internal and external iliac arteries, from where 
the tumor spreads to the secondary, presacral 
lymph nodes along the common iliac artery and 
to the para-aortic lymph nodes (Figs. 33, 34, 35, 
and 36).

Finally, there may be spread to extra-abdomi-
nal lymph nodes. These are primarily the supra-
clavicular lymph nodes in the venous angle 
(Fig. 37), at the termination of the azygos and 
hemiazygos veins into the superior vena cava, 
besides the less commonly affected parabron-
chial and axillary lymph node stations. The mor-
phologic changes caused by nodal metastases 
range from slight increases in size of  isolated 
nodes to large lymph node conglomerates.

Surgical lymphadenectomy remains the 
gold standard in the diagnosis of nodal metas-
tases. However, despite dramatic advantages in 
 minimally invasive surgical techniques and tech-
nologies, surgical lymphadenectomy remains a 
potential source of severe complications. For this 
reason, in recent years, a great research effort 
has been directed at identifying imaging tech-
niques able to reliably assess the nodal status in 
a noninvasive manner. Historically, radiologic 

evaluation of the lymph nodes is based on merely 
morphologic criteria including size and shape. A 
parametrial node is considered suspicious when 
its short axis is 5 mm or longer. A pelvic or 
para-aortic lymph node with a short axis longer 
than 10 mm and oval in shape or with an axis 
longer than 8 mm and round shape is interpreted 
as a potentially metastatic lymph node at MRI 
and CT (Scheidler et al. 1997; Kim et al. 1994). 
Other morphologic criteria are an irregular con-
tour, inhomogeneous contrast enhancement and 
central necrosis. Intravascular contrast medium 
 administration is especially useful to differentiate 
vascular structures and identify necrotic areas. 
While traditional size criteria display a specificity 
of almost 90% to exclude lymph node metastasis 
in early-stage cervical cancer patients, reported 
sensitivity rates are limited by the inability of 
merely morphological imaging techniques to 
detect lymphatic metastasis in normal-sized and 
-shaped nodes (Klerkx et al. 2010). Diffusion-
weighted MR imaging (DWI), a sequence that 
provides functional information about the integ-
rity of cell membranes and tissue consistency, has 
been proposed to improve the distinction between 
normal and metastatic lymph nodes by means of 

a b

Fig. 23 Stage IIA. (a) T2w TSE image in sagittal orienta-
tion. Cervical cancer seen as a high-signal-intensity mass 
of the anterior proximal cervix (arrow) with infiltration of 
the upper two-thirds of the vagina (open arrow). (b) T1w 

TSE image with FS in sagittal orientation. Following 
administration of Gd-DTPA, a hypovascularized cervical 
cancer is depicted
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b

c

Fig. 24 Stage IIB. (a, b) T2w TSE 
images in sagittal and transverse 
orientation. Cervical cancer (asterisks) 
with infiltration of the posterior vagina 
(open arrow). Posterior disruption of the 
cervical stroma and a solid tumor 
extending in a posterior direction 
(arrows) are seen as signs of parame-
trium infiltration. (c) T1w TSE image 
with FS in transverse orientation 1 min 
after administration of Gd-DTPA 
showing a moderately hypervascularized 
cervical cancer with hypovascularized 
cervical stroma and hypervascularized 
lateral parametrial tissue
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differences in signal intensity quantified as the 
apparent diffusion coefficient (ADC). In recent 
years, numerous studies have demonstrated that 
DWI is able to distinguish metastatic from benign 
lymph nodes in cervical cancer patients. Chen 

et al. (2011) reported that DWI with ADC mea-
surements could differentiate metastatic from 
hyperplastic nodes with a sensitivity of 83.3%, 
specificity of 74.7%, and accuracy of 78.4%. By 
using the minimum ADC (≤0.881 × 10−3 mm2/s) 

a

c d

b

Fig. 25 Stage IIB. (a, b) T2w TSE images in sagittal and 
transverse orientation. Cervical cancer (asteriks) with 
infiltration of the posterior vaginal fornix. Clearly seen are 
parametrium tumor extensions (arrows) in a posterior 
direction and to the right without infiltration of the pelvic 

sidewall or of the rectum. (c, d) T1w TSE images in sagit-
tal and transverse orientation 1 min after administration of 
Gd-DTPA. Heterogeneous hypervascularized cervical 
cancer (asterisks) with hypovascularized, necrotic por-
tions. Accessory finding: cervical cysts
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as a cutoff, Liu et al. reported a sensitivity and 
specificity for  differentiating metastatic from 
nonmetastatic nodes of 95.7% and 96.5%, respec-
tively (Liu et al. 2011). In a recent meta-analysis, 
Shen et al. reported pooled estimates of 0.86 (95% 
CI, 0.84–0.89) for sensitivity and 0.84 (95% CI, 
0.83–0.86) for specificity, suggesting that DWI 

could be beneficial in the assessment of pelvic 
nodal metastases in patients with cervical cancer 
(Shen et al. 2015).

Another modality, whole-body FDG-PET 
(5-fluor-odesoxyglucosis-positron emission 
tomography), can be used as a supplementary test 
for lymph node staging in follow-up (Reinhardt 

a
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b

Fig. 26  Stage IIB. (a, b) T2w TSE images in sagittal and 
transverse orientation. Cervical cancer with infiltration of 
the uterine corpus and hematometra (asterisk) due to 
tumorous stenosis of the cervical canal. Large solid tumor 
portions extend into the parametria posteriorly (open 

arrow) but do not infiltrate the rectum. Also seen are 
nodal metastases of the internal obturator group, along the 
internal iliac artery, and of pararectal nodes on the left. (c, 
d) T1w TSE images in sagittal and transverse orientation 
1 min after administration of Gd-DTPA
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et al. 2001) but has similar limitations to estab-
lished imaging modalities, which include identi-
fication of micrometastases and differentiation of 
tumor from inflammatory changes. FDG PET 
provides no morphologic information and has to 
be combined with CT or MRI, possibly using the 
technique of image fusion (Lemke et al. 2004; 
Kim et al. 2009). Integrated PET and computed 
tomography (PET/CT) scanners are nowadays 
widely used in clinical practice. Kitajima et al. 
compared DWI and FDG-PET/CT in evaluation 
of nodal metastases from cervical and endome-
trial cancer and reported lower sensitivity (38.9% 
vs. 83.3%) but a higher specificity (96.3% vs. 

Fig. 27 Stage IIIB. T2w TSE image in transversal orien-
tation. Cervical cancer with right lateral parametrial infil-
tration and infiltration of the right pelvic wall (arrows)

a b

c d

Fig. 28 Stage IIIB. (a, b) T2w TSE images in sagittal and 
transverse orientation. (c) HASTE TSE image in coronal 
orientation. (d) T1w TSE image in transverse orientation 
1 min after administration of Gd-DTPA. Cervical cancer 

with right lateral parametrial infiltration and infiltration 
of the right ureter, which is distended as a consequence 
(arrows)
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51.2%) for FDG-PET/CT compared to DWI 
(Kitajima et al. 2012).

2.3.6  Distant Metastases
Distant metastases are characteristic of stage IVB 
cervical cancer. In the FIGO classification, 
metastases of the para-aortic lymph nodes count 
as distant metastases. Hematogenous dissemina-
tion occurs late in cervical cancer or typically in 

patients with local tumor recurrence. Organ 
metastases most commonly affect the lungs and 
are less frequent in the liver, peritoneum, and 
skeleton. Systemic staging for the exclusion of 
distant metastases is indicated in stage III and IV 
cervical cancer. In Germany, an additional helical 
CT scan of the chest, abdomen, and pelvis includ-
ing the supraclavicular region, with oral opacifi-
cation and IV bolus administration of contrast 

a

c d

b

Fig. 29 Stage IVA. (a, b) T2w TSE images in sagittal and 
transverse orientation. (c, d) Tlw TSE images in sagittal 
and transverse orientation 1 min after administration of 
Gd-DTPA. Cervical cancer with infiltration of the poste-
rior parametria. Rectal infiltration (arrows) is seen as 

hyperintense tumor extension disrupting the anterior rec-
tal wall, which is of low signal intensity before and of 
intermediate signal intensity after CM administration. 
Tumor is also seen in the posterior vaginal wall 
(asterisks)
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a b

Fig. 30 Stage IVA. (a, b) T2w TSE images in sagittal and 
transverse orientation showing cervical cancer with infil-
tration of the urinary bladder. Disruption of the hypoin-
tense bladder wall and intravesical tumor growth are seen 

(arrows). In addition, there is infiltration of the left lateral 
parametria and the left ureter, which is distended as a con-
sequence (open arrow)

medium, is recommended (Schmidt-Matthiesen 
and Wallwiener 2005).

Autopsy studies found pulmonary metastases 
in about 35% of patients with recurrent cervi-
cal cancer. The probability of lung metastases is 
similar for squamous cell carcinoma and adeno-
carcinoma of the cervix. Solitary or multiple 
nodular pulmonary metastases may occur and 
are comparable to pulmonary metastases from 
other primaries in that clinical symptoms occur 
late. Chest CT is recommended as the first-line 
modality for exclusion of pulmonary metas-
tases. Alternatively, routine chest radiography 
performed before therapy for assessment of the 
cardiopulmonary status can likewise be used to 
exclude pulmonary metastases but is less sensi-
tive than CT. Pulmonary metastases are associ-
ated with mediastinal or hilar lymphadenopathy in 
30% of cases and with pleural metastases in about 
27% (autopsy studies). A slightly higher risk of 
pleural metastases has been reported for cervical 
adenocarcinoma. Rare findings are pericardial 
metastases, bronchial spread with endobronchial 
obstruction (5%), and pulmonary lymphangiosis 
carcinomatosa (3%) (Choi et al. 2000).

Liver metastases occur in about 30% of patients 
with recurrent cervical carcinoma (Drescher et al. 
1989) (Fig. 37). They are identified by ultrasound 
as multiple focal lesions of low echogenicity and as 
focal lesions with heterogeneous contrast medium 
uptake on CT and MRI. MRI has the highest sensi-
tivity in detecting liver metastases, especially when 
performed with administration of a liver-specific 
contrast medium (Hamm et al. 1997). Metastases 
in the peritoneum (Fig. 38), major omentum, or 
mesentery were identified at autopsy studies in 
5–27% of cases (Nicolet et al. 2000; Sahdev et al. 
2007). Clinical symptoms occur late and comprise 
abdominal pain and an increase in abdominal cir-
cumference. Metastases in these locations are sen-
sitively identified by MRI and CT (Outwater et al. 
1996; Low et al. 1997). MRI is performed with 
contrast-enhanced fat-saturated T1-weighted 
sequences, optionally supplemented by oral opaci-
fication. Characteristic signs of peritoneal metasta-
ses are a wavy contour of the liver resulting from 
impressions by the focal lesions,  nodular perito-
neal masses, and irregular peritoneal thickening. 
Ascites is unspecific but may indicate peritoneal 
metastases (Badib et al. 1968).
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Recurrent cervical cancer is associated with bone 
metastases (Fig. 38) in 15–29% of patients at 
autopsy (Badib et al. 1968). Typical locations are the 
bony pelvis as well as the lumbar and other vertebral 
bodies. Bone metastases in the ribs and extremities 

are less common. Skeletal metastases typically have 
an osteolytic character and originate from locally 
advanced or recurrent tumor in the pelvic sidewall 
or arise through retrograde tumor spread in patients 
with para-aortic lymph node metastasis. 

a

b

c

d

Fig. 32 Lymph node 
staging. Stages of metastatic 
spread to the lymph nodes 
in cervical cancer. (a) 
Parametrial nodes. (b) 
Nodes along the external 
and common iliac arteries. 
(c) Presacral nodes. (d) 
Para-aortic nodes (regarded 
as distant metastases) (from 
Wittekind et al. 2005)

a b

Fig. 31 Stage IVA. (a) T2w TSE image in sagittal orien-
tation. Cervical cancer with infiltration of the vesicouter-
ine ligament and of the low-signal-intensity posterior 
bladder wall (arrow). Tlw TSE image with FS transverse 

orientation 1 min after administration of Gd-DTPA. (b) 
After CM administration, a hypervascularized tumor 
(transverse image) is seen in the posterior bladder wall 
(arrow) (from Nicolas et al. 2005)
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Hematogenous dissemination to the skeleton occurs 
late. MRI with unenhanced and contrast-enhanced 
fat-saturated T1-weighted sequences depicts bone 
metastases as hyperintense lesions in the low-inten-
sity bone marrow with high sensitivity. CT primarily 
shows the extent of osseous destruction.

About 15% of patients with recurrent cervical 
cancer develop adrenal metastases (Badib et al. 
1968). Splenic, pancreatic, gastrointestinal, and 
renal metastases are very rare.

2.4  Specific Diagnostic Queries

2.4.1  Preoperative Imaging
Pretherapeutic local tumor staging is crucial to 
determine resectability and to select the most 
suitable operative procedure (simple hysterec-
tomy, radical hysterectomy, trachelectomy, extent 
of lymphadenectomy), which is primarily based 
on tumor size, lymph node status, and parame-
trial involvement. The surgical procedure chosen 
based on the MRI findings is often specified fur-
ther by surgical lymph node staging. If no pri-
mary surgery and no surgical lymph node staging 
are performed, the MRI findings serve to deter-
mine the target volume to be irradiated. MRI 
after adjuvant therapy serves to reconsider the 
indication for surgery. In patients with local 
recurrence, the MRI findings have an important 
role in deciding to reoperate and the surgical 
technique. Contraindications to curative exenter-
ation are intraperitoneal implantation, nonresect-
able nodes, extensive involvement of the pelvic 
sidewall and liver or lung metastases.

Furthermore, MRI plays a crucial role in 
establishing the indication for radical trachelec-
tomy. Only patients in whom MRI demonstrates 
a tumor-free internal os of the cervical canal at 
the isthmus uteri are candidates for trachelec-
tomy (Peppercorn et al. 1999). Therefore it is 
additionally important to estimate the distance of 
the tumor from the uterine isthmus and from the 
vaginal vault. Trachelectomy is not performed if 
there is infiltration of the isthmus or of the myo-
metrium of the uterine corpus. The isthmus is 
identified by its small diameter and the entrance 
of the uterine vessels.

2.4.2  Imaging Before Radiotherapy
In patients scheduled for primary radiother-
apy without surgical staging, the pretreatment 
 radiologic evaluation together with the clinical 
findings gains in importance. Although exter-

a

b

c

Fig. 33 Lymph node staging in different patients. (a–c) 
PD-TSE images in transverse orientation. (a) Suspicious 
lymph node of round configuration measuring 1 cm in 
diameter of the external iliac artery group on the left 
(arrow) in a patient with cervical cancer with bilateral 
parametrial infiltration and ureteral distention (open 
arrows). (b) Suspicious round and enlarged lymph nodes 
along the external iliac artery on both sides and an 
increase in the number of presacral lymph nodes with 
round configuration (arrows). (c) Suspicious round and 
enlarged lymph nodes of the common iliac artery group 
on both sides (arrows). The presence of pelvic lymph 
node metastases is not taken into account in the FIGO 
staging system
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nal beam radiotherapy is still usually planned 
by means of a CT scan, MRI has an increasing 
role in treatment planning and controlling radia-
tion (Figs. 39 and 40). The superior accuracy of 
T2-weighted images in the delineation of the pri-
mary tumor and the adjacent soft-tissue invasion 
make MR imaging more and more appreciated. 

The CT scan performed to plan radiotherapy 
serves to determine the physical parameters of 
irradiation such as number and direction of the 
radiation fields, collimation, and dose distri-
bution. The use of 3D-based individual plan-
ning of radiation fields has almost completely 
replaced the four-field box technique (Fig. 39). 

a

b

c

Fig. 34 Lymph node staging in different 
patients. (a) PD-TSE images in transverse 
orientation shows para-aortic and 
interaortocaval lymph node metastases 
(arrows). (b, c) T1w TSE images (PACE) 
in transverse orientation. Suspicious round 
and enlarged para-aortic and retrocrural 
lymph nodes (arrows). Para-aortic lymph 
node metastases are regarded as distant 
metastases, the patient thus has FIGO 
stage IVB
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Dose-volume histograms serve to determine the 
respective dose corresponding to a specific organ 
volume such as the bladder or rectum, which are 
especially at risk. In planning the target volume 
to be irradiated (PTV, physical target volume), 
the primary tumor volume (GTV, gross tumor 
volume), the area of potential tumor extent 
(CTV, clinical target volume), and a safety mar-
gin that takes into account patient and organ 
motion are defined. The CTV comprises the 
uterus, at least the proximal third of the vagina, 
the parametrial tissue up to the pelvic wall, and 
the pelvic lymphatic drainage system, which is 
irradiated with a dose high enough to eliminate 
both  micrometastases and manifest metastases. 
The only proven indication for para-aortic irra-
diation is metastatic para-aortic nodes. To spare 
the intestine, planning and irradiation are usually 
performed with the patient positioned prone on 
a belly board.

Modern radiation therapy for patients with 
cervical cancer is generally delivered with a com-
bination of external beam radiation therapy 
(EBRT) and brachytherapy (BT), the latest being 
essential especially when therapy is administered 
with curative intent.

The advent of three-dimensional treatment 
planning of BT, allowing precise dose delivery 
to the target volume while limiting the dose to 
organs at risk, represents one of the most signifi-
cant advancements in the treatment of cervical 
cancer. The introduction of computer tomog-
raphy-based 3D treatment planning enables the 

delineation the organs at risk as volumetric struc-
tures rather than arbitrary reference points, result-
ing in better estimation of maximum doses to the 
surrounding organs at risk as well as in improved 
local tumor control (Harkenrider et al. 2015). 
MR imaging is becoming increasingly used for 
image-based brachytherapy as it allows accurate 
demonstration of tumor size, location, and exten-
sion thanks to its superior soft-tissue resolution. 
In studies comparing MRI with CT-based treat-
ment planning, MRI has shown to enable better 
tumor delineation and greater dose escalation 
(Harkenrider et al. 2015).

2.5  Follow-Up

2.5.1  Findings After Surgery
Scar tissue being older than 6 months has low 
signal intensity similar to that of muscle on T1- 
and T2-weighted MR images. Fresh scars are of 
a higher signal intensity on T2-weighted images 
due to inflammation and neovascularization in 
the first months after surgery. Signal intensity 
decreases with fibrosis. This is why MRI should 
be performed not earlier than 6 months after the 
end of therapy and even then the signal intensities 
of recurrent tumor and scar tissue may still over-
lap on T2-weighted images. In these situations, a 
dynamic contrast-enhanced study could be nec-
essary and help to better distinguish recurrent 
tumor on the basis of its earlier and more pro-
nounced CM enhancement.

After radical hysterectomy, the uterus and the 
vaginal vault are absent (Brown et al. 1992). The 
vaginal stump is depicted with a smooth end and 
as a symmetrical, elongated, or rectangular struc-
ture that is sharply demarcated from the sur-
rounding fatty tissue between the bladder and the 
rectum (Fig. 41). Cranial to the stump, the resec-
tion cavity is filled by the urinary bladder and 
bowel. Images in sagittal orientation are most 
suitable to evaluate the vaginal wall (Brown et al. 
1992). On T2-weighted images, the vagina is 
characterized by a high-signal-intensity inner 
mucosal layer and a smooth outer muscular layer 
of low signal intensity. Surgical clips are depicted 

Fig. 35 Lymph node staging. Contrast-enhanced CT 
image. Supraclavicular lymph node metastasis on the left 
(asterisk). FIGO stage IVB
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on MRI images as small signal voids at the vagi-
nal stump. Some patients develop fibrotic scar 
tissue at the roof of the vaginal stump. It is char-
acterized by an intermediate to low signal inten-
sity on T2-weighted and T1-weighted images 
and may be difficult to differentiate from recur-
rence if it is of nodular configuration.

The peri- and postoperative complications 
include the development of vesicovaginal fistu-
las, which typically occur on the basis of necrosis 
roughly 1–2 weeks after the surgery. If they do 
not close spontaneously, they are operated on at 
8 weeks or later in patients undergoing adjuvant 
radiotherapy. Injury to the urinary bladder occurs 
in 3–5% of patients undergoing radical hysterec-
tomy and ureteral damage in 2%. Ureteral dam-
age is usually treated by primary surgical repair. 
Ureterovaginal fistulas typically develop in the 
second postoperative week and have an inci-
dence of about 1%. They spontaneously close 
after placement of a double-J catheter. Lymph 
edema of the legs has an incidence of 3% after 
surgery and of 5–15% after adjuvant radiother-
apy. Clinically, approximately 15% of patients 
develop acute bladder voiding difficulties after 
radical hysterectomy with lymph node dissec-
tion, due to mechanical factors as well as damage 
to bladder innervation. The incidence increases 
with the radicalness of the operation.

In radical trachelectomy, MRI depicts the end-
to-end anastomosis and the development of a 
posterior neofornix (Fig. 42). The latter may 
develop in the process of healing and must be 
carefully distinguished from a recurrent tumor. 
The few recurrences of cervical cancer observed 
after trachelectomy seem to occur at the site of 
anastomosis (Sahdev et al. 2005). Occasionally, 
stenosis has been observed after trachelectomy. 
Moreover, mobilization of the parametrial and 
paravaginal tissue can lead to diffuse thickening 
of the vaginal wall, which may mimic recurrent 
invasive tumor at MRI. Most of these postopera-
tive changes recede spontaneously. In some 
patients, asymptomatic widening of the parame-
trial venous plexus has been observed. In patients 
becoming pregnant after trachelectomy, a cer-
clage is placed to keep the cervix closed.

Following lymph node dissection, metal clips 
are often seen at the pelvic wall as focal artifacts 
of low signal intensity at MRI or as metal-dense 
structures at CT. Lymphoceles most frequently 
develop after lymphadenectomy. They are usually 
small, cause no symptoms, and recede without 
therapy. If a lymphocele becomes symptomatic 
or infection is suspected due to  contrast enhance-
ment of the wall, therapy may be required in the 
form of repeat operation, puncture, drainage, or 
sclerotherapy.

a b

Fig. 36 Distant metastases. (a, b) Contrast-enhanced CT 
images. Numerous hypovascularized metastases are seen 
in the liver. In addition, metastatic spread to the perito-

neum (asterisk) and extensive para-aortic lymph node 
metastases. FIGO stage IVB
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Pelvic exenteration is the curative method of 
choice in patients with central pelvic tumor 
recurrence and comprises colpectomy and hys-
terectomy with removal of the bladder (anterior 
exenteration) or of the bladder and rectosig-
moid (complete exenteration). In addition, the 
intervention may be performed as supralevator 
exenteration with partial resection of the levator 
plate or as translevator exenteration with vul-
vectomy and radical resection of the levator 
muscle, urogenital diaphragm, and vulvoperi-

neal soft tissue. The patient’s quality of life is 
improved by subsequent reconstruction of the 
pelvic organs with deep rectal anastomosis, cre-
ation of a urinary pouch, and possibly creation 
of a neovagina. The intervention-related mortal-
ity is about 5%.

2.5.2  Findings After Chemotherapy
The main criterion for a response to chemother-
apy is a reduction of tumor size. For follow-up of 
tumor size under chemotherapy, the largest trans-
verse diameter of the lesion is measured accord-
ing to the RECIST criteria (Eisenhauer et al. 
2009). A size reduction of at least 30% is defined 
as partial response to therapy. Tumor progression 
is assumed when there is an increase in size of at 
least 20%. MRI is the method of choice for evalu-
ating the response to chemotherapy in patients 
with cervical cancer. However, in patients on 
chemotherapy, both vital tumor tissue and inflam-
matory reactive areas are present, which are of 
high signal intensity on T2-weighted images and 
show early contrast enhancement on T1-weighted 
images. This is why reliable evaluation of tumor 
tissue on the basis of signal intensity at 
T2-weighted imaging and contrast enhancement 
at T1-weighted imaging is not always possible at 
this stage. Therefore, the most important crite-
rion for a response to therapy at this stage is the 
size reduction of the tumor. The concomitant 
reaction of the surrounding tissue and fibrosis 
impairs not only the radiologic diagnosis but also 
later surgical treatment. In recent years, diffu-
sion-weighted imaging (DWI) has been investi-
gated as an alternative imaging modality for 
following up tumor response to chemotherapy. 
The idea behind the use of DWI to monitor tumor 
response relies on the fact that as the tumor 
shrinks with treatment, water mobility increases. 
Thus, the apparent diffusion coefficient (ADC) 
may increase and may serve as an early indicator 
of tumor response. Preliminary studies using 
DWI-MRI as an early biomarker to assess tumor 
response to neoadjuvant chemotherapy have been 
promising, raising the need for future large-scale 
prospective studies (Fu et al. 2012).

Fig. 37 Distant metastases. T1w TSE image in sagittal 
orientation. Para-aortic lymph node metastases with ver-
tebral infiltration of L1–L3. Consecutive total collapse of 
vertebral body of L2. FIGO stage IVB
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2.5.3  Findings After Radiotherapy
MRI is the first-line radiologic modality for fol-
low-up after radiation therapy. It may be per-
formed 6 and 12 months after completion of 
irradiation and whenever tumor recurrence is 
suggested by the clinical or gynecologic find-
ings. During and shortly after radiotherapy, the 
entire irradiated field shows a reactive signal 
increase on T2-weighted images and more pro-
nounced contrast enhancement on T1-weighted 
images. This is why differentiation of tumor tis-
sue from reactively inflamed tissue is impaired 
during and shortly after irradiation. Hence, MRI 
during or within the first 6 months after radio-
therapy is indicated in exceptional cases for the 

Fig. 39 MR imaging during intracavitary brachytherapy. 
Axial T2w image during intracavitary brachytherapy 
facilitates treatment planning and is useful in controlling 
the relationships between tumor and applicator (arrow). 
Measuring probes are placed in the rectum (courtesy of 
Prof. Dr. S. Marnitz, Köln)

a b

c d

Fig. 38 Planning CT scan prior to radiotherapy. (a–c) 
Planning of irradiation therapy with determination of the 
target volume using the transverse planes of the CT scan 
and transfer to the sagittal and coronal planes. (d) Dose 
target volume and arrangement of fields using a four-field 

technique. The target volume comprises the vagina, 
uterus, and locoregional lymphatic drainage system 
including a safety margin. Irradiation in the prone position 
to spare the small intestine (Courtesy of Dr. L. Moser, 
Berlin)
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evaluation of tumor shrinkage or assessment of 
a fistula.

Effective radiation therapy leads to a signifi-
cant reduction or complete disappearance of the 
tumor and a decrease in signal intensity on 
T2-weighted images (Figs. 43 and 44). A reliable 
sign of complete tumor remission is the return of 
the normal anatomy of the cervix and proximal 
vagina, which is suggested by the depiction of a 
homogeneous stroma of low signal intensity with 
a smooth mucosal layer often accompanied by 
shrinkage of the cervix. Recurrent tumor is typi-
cally seen as a high-signal-intensity mass corre-
sponding to the original tumor on T2-weighted 
images.

The signal changes seen at MRI correlate 
with the overall radiation dose applied. 
Radiation-induced edema persists in the myo-
metrium of the uterine corpus for up to 6 months 
after irradiation. After completion of radiation, 
there is a decrease in signal intensity on 
T2-weighted images, the endometrium becomes 
narrower, and the zonal anatomy of the myome-

trium is eliminated. In postmenopausal women, 
the uterus returns to its former MRI appearance 
without zonal anatomy after resolution of 
 radiation-induced edema. The vagina also has 
an increased signal intensity on T2-weighted 

a b

Fig. 40 Status after hysterectomy. (a, b) T2w TSE 
images of different patients in sagittal orientation. Normal 
appearance of the vaginal stump (arrows) after hysterec-

tomy without (a) and with (b) filling of the vagina. Patient 
is catheterized

Fig. 41 Status after trachelectomy. A T2w TSE image in 
sagittal orientation. Markedly shortened uterine cervix 
after radical trachelectomy with fertility-sparing utero-
vaginal reanastomosis (arrow). Gel filling of the vagina
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a b

c

Fig. 42 Monitoring of radiotherapy, (a–c) T2w TSE 
images in sagittal orientation, (a) cervical cancer (aster-
isk) with infiltration of the vagina and parametria. (b) 
Tumorous mass of the cervix has disappeared 2 months 

after radiotherapy. Endocervical sheath in place (arrow). 
(c) Normal appearance of the cervix and atrophy of the 
uterus 12 months after completion of irradiation (arrow). 
Small amounts of free fluid
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images due to edematous and inflammatory 
changes in the acute and subacute phase after 
irradiation. About 6 months after the end of 
 radiation therapy, there is a fibrosis-related sig-
nal reduction on T2-weighted images. Shrinkage 
of the cervix and vagina may occasionally lead 
to an effective stenosis (radiogenic fibrosis) 

with subsequent development of hydrometra or 
hematometra. This condition is associated with 
symmetric enlargement of the uterus with a cen-
tral fluid collection, which is of high signal 
intensity on T2-weighted images and also on 
T1-weighted images if the protein or blood con-
tent is high.

a b c

Fig. 43 Monitoring of radiotherapy. (a–c) T2w TSE 
images in sagittal orientation. (a) Cervical cancer (arrow) 
with infiltration of the urinary bladder. (b) Size reduction 

of the tumor (arrow) during radiotherapy. (c) No circum-
scribed tumor of the cervix is depicted 3 months after 
completion of irradiation (arrow)

a b

Fig. 44  Fistula after radiochemotherapy. (a, b) T2w TSE 
images in sagittal and transverse orientation. Following 
radiochemotherapy of advanced cervical cancer, a fistula 

depicted as a high-signal-intensity fluid-filled connection 
is seen between the vagina and urinary bladder (arrows). 
There is urine in the vagina
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A complication after irradiation is the devel-
opment of fistulas due to therapy-induced regres-
sion of invasive cervical cancer (Figs. 45, 46, and 
47). Contrast-enhanced T1-weighted images 

identify a fistula as abnormal enhancement sur-
rounding the low-signal-intensity fistular canal. 
A fistula from the uterus or vagina to the bladder 
is suggested when there is air in the bladder (Kim 
and Han 1997).

Postactinic radiogenic colitis is characterized 
by concentric edematous thickening of the intes-
tinal wall with preservation of the layered struc-
ture and may be associated with additional 
edematous thickening and infiltration of the 
 perirectal fat. Radiation-induced stricture of the 
ureter or insufficiency fracture of the sacral bone 
has become rare. The bone marrow of the pelvic 
bone in the irradiated field is regularly replaced 
with fat marrow, which is depicted on 
T1-weighted images with a high signal intensity.

In recent years, several authors have investi-
gated the potentials of functional MRI including 
diffusion- and perfusion-weighted imaging in 
evaluating the therapeutic response and predict-
ing the clinical outcome after radiation therapy 
alone or in combination with chemotherapy. 
DCE-MRI, that involves intravenous application 
of low-molecular-weight paramagnetic intravas-
cular contrast agents, enables the noninvasive 
assessment of tumor  perfusion and oxygen-
ation, major factors in response of tumor cells 

a b

Fig. 45 Fistula after radiochemotherapy. (a, b) T2w TSE 
images in sagittal and transverse orientation. Following 
radiochemotherapy of advanced cervical cancer, a fistula 

depicted as a high-signal-intensity fluid-filled connection 
is seen between the vagina and urinary bladder (arrow). 
There is air in the bladder (open arrow)

Fig. 46 Fistula after hysterectomy. A T2w TSE image in 
sagittal orientation. Following hysterectomy for cervical 
cancer, a fistula depicted as a high-signal-intensity fluid-
filled connection is seen between the vagina and urinary 
bladder (arrow). There is air in the bladder (open arrow)
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to radiation. Numerous studies published in the 
last years have demonstrated that pretreatment 
DCE parameters of high relative signal intensity 
or peak enhancement are associated with better 
response to treatment (Zahra et al. 2009; Mayr 
et al. 1996, 2010). Similarly, other groups were 
able to demonstrate that mid-treatment ADC 
may be a useful surrogate biomarker of treatment 
response (Harry et al. 2008) and even patient’s 
survival (Somoye et al. 2012).

2.5.4  Recurrent Cervical Cancer
Cervical cancer tends to recur within 2 years 
after the initial diagnosis. Recurrence is defined 
as the demonstration of renewed local tumor 
growth, development of nodal metastases, or 
hematogenous distant metastases after a tumor-
free interval of at least 6 months. About 30% of 
patients with invasive cervical carcinoma die 
because of recurrent disease. Some guidelines 
recommend follow-up examinations at 3-month 

a b

c d

Fig. 47  Recurrent cervical cancer after hysterectomy. (a, 
b) T2w TSE images in sagittal and transverse orientation. 
(c, d) T1w TSE images in sagittal and transverse orienta-
tion 1 min after administration of Gd-DTPA. MRI after 
hysterectomy depicts a nodular lesion at the roof of the 

vagina with enhancement on the postcontrast images 
(arrows). Note the unusually low signal intensity of the 
lesion (like a scar); however, tumor recurrence is indi-
cated by the strong contrast enhancement. Gel filling of 
the vagina
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intervals during the first 3 years, every 6 months 
during the next 2 years, and once a year thereaf-
ter. A survival advantage from inclusion in struc-
tured follow-up has not been demonstrated. The 
routine follow-up tests are merely clinical and 
comprise history taking, physical, and vaginal 
examination, which may be supplemented by 
colposcopy and cytology, and a transvaginal 
ultrasound examination. More extensive tests are 
performed in patients with clinically suspected 
locoregional tumor recurrence. Recurrence is 
suggested by the findings of the gynecologic 
follow-up examination or if the patient reports 
difficulties passing urine or stools or other suspi-
cious symptoms. Recurrent tumor of the pelvic 

a

b

Fig. 48 Recurrent tumor 
of the pelvic sidewall after 
hysterectomy. (a) T2w 
TSE image in transverse 
orientation. At the right 
pelvic sidewall, a solid, 
heterogeneous mass 
(arrows) is depicted that 
infiltrates the pelvic wall 
and extends to the iliac 
bone. Tumor adhesion 
to the sigmoid colon. 
(b) T1w TSE image with 
FS transverse orientation 
1 min after administration 
of Gd-DTPA. MRI depicts 
an enhancement on the 
postcontrast image and 
central necrosis

Fig. 49 Recurrent tumor of the pelvic sidewall after hys-
terectomy. T2w TSE image in sagittal orientation. A solid, 
heterogeneous mass with irregular margins (arrows) and 
infiltration of muscle is seen anterior to the sciatic foramen
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e e

Fig. 50  Recurrent cervical cancer after radiochemother-
apy. (a, b) T2w TSE images in sagittal and transverse ori-
entation. Recurrent cervical cancer 6 months after primary 
radiochemotherapy. The high-signal-intensity mass 
(arrows) is located eccentrically on the right side of the 
cervix. Gel filling of the vagina. (c, d) T1w TSE images 

with FS in sagittal and transverse orientation showing 
recurrent cervical cancer with slightly higher signal inten-
sity. (e, f) T1w TSE images with FS in sagittal and trans-
verse orientation 1 min after administration of 
Gd-DTPA. MRI depicts a moderate enhancement on the 
postcontrast image (arrows)
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sidewall may manifest with pain due to nerve 
infiltration or leg edema due to obliteration of 
the lymphatics.

CT, MRI, and PET-CT are recognized tech-
niques for the detection of recurrent cervical can-
cer. MRI is particularly accurate in detecting 
suspected local recurrence and for evaluation fol-
lowing radiation therapy. When the clinical 
symptoms suggest the presence of distant metas-
tases either CT or PET-CT are preferable to 
MRI. For the assessment of lymph node metasta-
ses, PET-CT has a greater sensitivity and speci-
ficity than either MRI or CT.

Usually follow-up MRI is not indicated dur-
ing the first 6 months after completion of primary 
therapy due to its limitations in differentiating 
recurrent tumor from acute peri- or postoperative 
changes (Hricak et al. 1993). As with primary stag-
ing, follow-up MRI should be performed by using 
sagittal and transverse T2-weighted sequences as 
well as a respiratory-gated T1-weighted abdomi-
nal PACE sequence and a T1-weighted pelvic 
sequence for lymph node staging. In contrast to 
pretreatment MRI, the follow-up examination 

should always comprise a contrast-enhanced 
T1-weighted sequence. These are always per-
formed in combination with an unenhanced 
T1-weighted examination in identical orienta-
tions. Ideally, the contrast-enhanced images 
should allow differentiation of recurrent tumor, 
which shows early and pronounced enhancement, 
from scar tissue. If there is extension to the pelvic 
floor, this basic protocol can be supplemented by 
T2-weighted sequences in coronal orientation. If 
hydronephrosis is suspected, an additional coro-
nal T2-weighted sequence or contrast-enhanced 
MR urography is indicated. Besides the stan-
dard anatomical sequences, the use of diffusion-
weighted imaging (DWI) is becoming more and 
more common in both European and American 
centers. In a recently published study the addition 
of DWI to T2-weighted sequences considerably 
improved the accuracy of MRI (92.1% vs. 80%) 
in the detection of cervical cancer recurrence 
(Lucas et al. 2015).

Recurrent cervical cancer has a variable 
appearance at MRI. The tumor may have a nodu-
lar appearance with a blurred contour and exten-
sion into surrounding tissue, which may lead to 
fixation of bowel loops. The irregular contour is 
due to tumor extension and desmoplastic reac-
tions. Alternatively, a recurrent tumor may show 
diffuse growth. In this case, the absence of a 
circumscribed mass makes the tumor especially 
difficult to distinguish from a postoperative scar. 
By clinical examination, both scar and recurrent 
tumor may appear indurated. Recurrent cancer 
can be differentiated from scar tissue and muscle 
by its higher signal intensity on T2-weighted 
images as well as earlier and more pronounced 
enhancement on dynamic contrast-enhanced 
T1-weighted images. Regressive tumor por-
tions may be identified by lack of enhancement. 
In contrast, scar tissue resembles muscle, with 
a low signal intensity on T1- and T2-weighted 
images. Moreover, scars show only little and late 
enhancement if MRI is performed not earlier 
than 6 months after the end of therapy.

Despite the short examination time and 
absence of artifacts caused by bowel motion, CT 
has little use in differentiating post-therapeutic 
changes and recurrent tumor in the true pelvis. 

Fig. 51 Other tumors of the cervix. T2w TSE image in 
sagittal orientation. Cervical manifestation (asterisk) of 
endometrial cancer (arrow)
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However, CT of the chest, abdomen, and pelvis 
after oral opacification and IV contrast medium 
administration can be used in the follow-up of 
cervical cancer to exclude distant metastases and 
postoperative complications.

Recurrent tumor after surgery is most fre-
quently seen in the operative bed, primarily the 
vaginal stump, and at the resection margins, in 
particular the pelvic sidewalls. After radical hys-
terectomy, most tumors show supravaginal recur-
rence (20%) at the roof of the vaginal stump and 
in the rectovaginal space, typically between the 
bladder and the rectum. An occasional patient 
may develop fibrotic scar tissue at the roof of the 
vaginal stump, which is characterized by moder-
ate to low signal intensity on T2-weighted and 
T1-weighted images. When recurrent tumor is 

identified, its relationship to the vaginal stump 
should be described and  infiltration of the urinary 
bladder and rectum should be excluded (Figs. 10 
and 48).

Posterior tumor growth leads to infiltration of 
the presacral space and sacral bone or of the peri-
rectal space and rectum. Recurrent cervical can-
cer is associated with rectal infiltration in about 
17% of cases. The most common site is the recto-
sigmoid junction. Laterally, recurrent tumor may 
extend to the pelvic sidewall. If the recurrent local 
tumor grows anteriorly along the peritoneal fold, 
there will be infiltration of the urinary bladder. 
Advanced recurrent cervical cancer may involve 
the remaining colon or the small intestine, is typ-
ically associated with adhesion of bowel loops, 
and may cause intestinal obstruction.

a

b

Fig. 52 Nabothian cysts. 
(a) T2w TSE image in 
sagittal orientation. Cystic 
lesions in the cervical 
stroma (arrows). (b) 
H&E-stained specimen of 
the cervix with intrastro-
mal cystic lesions 
(arrows). Also seen are 
cervical glands (open 
arrow)
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The second most common site of recurrence is 
the pelvic sidewall, which is the preferred site of 
nodal metastasis (Figs. 49 and 50). An important 
issue is their topographic relationship to the bony 
pelvis and the iliac vessels because of its implica-
tions for the surgical technique. Regarding the 
iliac vessels, infra- and peri-iliac metastases 
should be distinguished; regarding the bones, 
a distinction should be made between ischiopu-
bic, acetabular, iliosacral, and sacrococcygeal 
 metastases. Further progression may lead to 
destruction of the bony pelvis.

Pelvic tumor recurrence typically leads to 
external ureteral obstruction through encasement 
of the ureters and their orifices, which manifests 
as hydronephrosis. Follow-up MRI enables eval-
uation of both the etiology and the site of the 
obstruction.

Local recurrence after primary radioche-
motherapy is characterized by the develop-
ment of a new tumor in the cervix or infiltration 
of the vagina (Fig. 51). Alternatively, there 
may be recurrence in the parametria with lat-
eral extension at the level of the cervix and 
vagina (Choi et al. 2000). A large recurrent 
tumor with a mass effect within the cervix 
may obstruct the internal os with development 
of hydrometra or pyometra. Alternatively, the 
cervix can be obstructed by radiation-induced 
stenoses. This is depicted by CT and MRI as a 
symmetrically enlarged uterine corpus con-
taining nonenhancing fluid.

Patients with central pelvic tumor recurrence 
are operated on with curative intention if possi-
ble. Curative pelvic exenteration is more difficult 
when the pelvic wall is infiltrated. Hence, recur-
rent tumor of the pelvic wall is typically treated 
by radiochemotherapy, which can be performed 
with a curative dose in patients not having under-
gone irradiation before. Local control of recur-
rence in the pelvic wall is poorer and has a more 
unfavorable prognosis than central pelvic recur-
rence. Specific surgical procedures and possibly 
reduced radiotherapy are available for patients 
having been irradiated before. These aggressive 
measures are, however, associated with consider-
able side effects. Lymph node metastasis is typi-
cally treated by radiotherapy and hematogenous 
distant metastasis by chemotherapy.

2.6  Role of Other Diagnostic 
Modalities

2.6.1  Ultrasound
While ultrasonography has a role in endome-
trial cancer, it is of little use in detection and 
staging of cervical cancer. Ultrasonography 
does not allow reliable demonstration of para-
metrial infiltration. Direct imaging of cervical 
cancer in controlling tumor response to radio-
chemotherapy by 3D ultrasound is under evalu-
ation. The sonographic evaluation of the pelvic 
and para-aortic lymph nodes is limited due to 
their location at the pelvic wall or retroperito-
neally and due to overlying bowel gas (Mamsen 
et al. 1995). Transabdominal or transrectal 
ultrasound is routinely used in pretherapeutic 
staging, typically to exclude liver metastases 
and at follow-up, above all to exclude ureteral 
obstruction (Innocenti et al. 1992; Magee et al. 
1991). Ultrasonography is limited by its depen-
dence on the examiner and the equipment used 
and lacks adequate documentation and repro-
ducibility of the findings.

2.6.2  PET/CT
In recent years, 18F-fluorodeoxyglucose (FDG) 
positron emission tomography—computed 
tomography (PET/CT) has gained acceptance in 
the initial evaluation of disease extent of patients 
with locally advanced cervical cancer, especially 
in the assessment of lymph node status and dis-
tant metastasis. Furthermore, FDG-PET/CT has 
been used for image-guided radiation therapy 
and for the detection of distal, extrapelvic recur-
rent tumor after therapy (Balleyguier et al. 2011; 
Herrera and Prior 2013).

2.7  Other Malignant Tumors 
of the Cervix

2.7.1  Metastasis
Most metastases to the cervix are from endome-
trial cancer (Fig. 52) (or by tumor infiltration per 
continuitatem), less commonly from other pri-
mary tumors of the ovaries, breast, or stomach. 
On imaging, it is virtually impossible to differen-
tiate a metastasis from a primary carcinoma.
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2.7.2  Malignant Melanoma
Between 1 and 3% of malignant melanomas in 
women occur in the genital tract, where they typi-
cally arise in the vaginal mucosa and infiltrate the 
uterine cervix. Primary cervical melanoma is 
rare. Melanomas of the female genital tract are 
characterized by high signal intensity on 
T1-weighted images and low signal on 
T2-weighted images. The degree of signal short-
ening on T1-weighted images varies with the 
melanin content. The signal is further altered by 
intralesional hemorrhage, which is quite com-
mon (Moon et al. 1993; Miyagi et al. 1997; 
Kristiansen et al. 1992).

2.7.3  Lymphoma
Malignant lymphoma of the cervix is typically 
due to secondary infiltration by advanced lym-
phoma from other sites. Primary manifestations 
in the uterus account for only 2% of all primary 
extranodal malignant lymphomas and typically 
affect the cervix. Cervical lymphoma is of low 
signal intensity on T1-weighted images and of 
high signal intensity on T2-weighted images and 
thus resembles cervical squamous cell carci-
noma. In most cases, lymphoma can be distin-
guished from cervical carcinomas by its typically 
large size and the absence of infiltration of sur-
rounding structures. Another distinctive feature 
is the avid and diffuse contrast enhancement of 
primary cervical lymphomas (Dang et al. 1991; 
Kim et al. 1997).

2.8  Benign Lesions of the Cervix

2.8.1  Nabothian Cyst
Nabothian cysts are retention cysts of the cervi-
cal glands that develop secondary to chronic cer-
vicitis and are often discovered incidentally. 
Cervicitis is associated with epithelial prolifera-
tion and may lead to localized overgrowth and 
obstruction of glands. Nabothian cysts usually 
measure only a few millimeters but may grow in 
size to over 4 cm and then produce a mass effect. 
They have an intermediate to higher signal inten-
sity on T1-weighted images that reflects the pro-
tein content of the cyst content. On T2-weighted 
images, they have high signal intensity and are 

depicted as round to oval lesions with smooth 
margins. Their differentiation from the rare ade-
noma malignum (well-differentiated cervical 
adenocarcinoma with cystic portions) may be 
difficult by MRI. The depiction of solid portions 
surrounding or separating the cysts suggests 
malignancy (Li et al. 1999).

2.8.2  Leiomyoma
Fewer than 10% of leiomyomas of the uterus 
affect the cervix. The typical clinical symptoms 
of cervical leiomyoma are infertility and compli-
cations during pregnancy. The lesions are charac-
terized on T2-weighted images by low signal 
intensity, smooth contour, and a roundish shape 
(see Sect. 2.7.2).

2.8.3  Polyps
Cervical polyps are the most common benign 
lesions of the cervix. They typically occur in 
perimenopausal women and often cause bleed-
ing between periods. They are usually pedicled 
and range in size from a few millimeters to 
3 cm. Their pathogenesis is mutifactorial and 
includes metaplastic processes and inflamma-
tory changes of the cervical glands. Cervical 
polyps are diagnosed by hysteroscopy. Imaging 
modalities typically depict them as masses of 
the endocervix.

2.8.4  Rare Benign Tumors
The rare benign tumors of the cervix comprise 
capillary or cavernous hemangioma, lymphangi-
oma, papillary adenofibroma, adenomyoma, 
fibroadenoma, and mesonephric papilloma.

2.8.5  Cervicitis
Cervicitis is caused by the same pathogens as 
vaginitis. These include Trichomonas vaginalis, 
Candida albicans, and Herpes simplex virus. 
They invade the epithelium of the portio and 
cause inflammation of the ectocervix. In contrast, 
bacteria such as Neisseria gonorrhoeae and 
Chlamydia trachomatis affect the cervical glands 
and cause mucopurulent endocervicitis. Bacterial 
infection may manifest with vaginal discharge or 
dull pelvic pain. Occasionally, retention cysts 
may develop in the cervix and can be demon-
strated by MRI but may be difficult to differenti-
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ate from glandular hyperplasia or adenoma 
malignum based on their MRI appearance alone 
when clinical symptoms are absent (Mikami 
et al. 1999).

2.8.6  Endometriosis
Cervical endometriosis is rare and, when present, 
typically affects the portio or the endocervical 
canal. The solid tissue portions of an endometrio-
sis lesion are of low signal intensity on 
T1-weighted and T2-weighted images and 
exhibit pronounced contrast enhancement. The 
lesions usually contain blood that often gives rise 
to the development of cystic portions with high 
signal intensity on T1-weighted images. 
Alternatively, endometriosis of the uterine corpus 
may protrude into the cervical canal as a polyp-
oid mass that is covered by endometrial mucosa 
as the lesion arises from the junctional zone of 
the myometrium.

2.8.7  Ectopic Cervical Pregnancy
The number of cervical pregnancies is increasing 
as more women have abortions. Its rate is one per 
1000–24,000 pregnancies. MRI depicts a cervi-
cal pregnancy as a cervical mass of heteroge-
neous signal intensity with a low-signal-intensity 
margin that may not surround the lesion on all 
sides (Werber et al. 1983). It is usually an exclu-
sion diagnosis.
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Endometrial Cancer

Mariana Horta and Teresa Margarida Cunha

Abstract

Endometrial cancer is the most common gyne-
cological malignancy in well-developed coun-
tries. Biologically and clinicopathologically, 
endometrial carcinomas are divided into two 
types: type 1 or estrogen-dependent carcinomas 
and type 2 or estrogen-independent carcinomas. 
Type 1 cancers correspond mainly to endome-
trioid carcinomas and account for approxi-
mately 90 % of endometrial cancers, whereas 
type 2 cancers correspond to the majority of the 
other histopathological subtypes.

The vast majority of endometrial cancers 
present as abnormal vaginal bleedings in 
postmenopausal women. Therefore, 75 % of 
cancers are diagnosed at an early stage, which 
makes the overall prognosis favorable.

The first diagnostic step to evaluate women 
with an abnormal vaginal bleeding is the mea-
surement of the endometrial thickness with 
transvaginal ultrasound. If endometrial thick-
ening or heterogeneity is confirmed, a biopsy 
should be performed to establish a definite 
histopathological diagnosis.

Magnetic resonance imaging is not considered 
in the International Federation of Gynaecology 
and Obstetrics staging system. Nonetheless it 
plays a relevant role in the preoperative staging of 
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endometrial carcinoma, helping to define the best 
therapeutic management. Moreover, it is impor-
tant in the diagnosis of treatment complications, 
in the surveillance of therapy response, and in the 
assessment of recurrent disease.

1  Endometrial Cancer: 
Background

1.1  Epidemiology

Endometrial cancer is the fifth most common malig-
nancy in females worldwide, after breast, colorec-
tal, cervical, and lung cancers, accounting for 4.8 % 
of all cancers in women (Ferlay et al. 2013).

In contrast to cervical cancer, endometrioid can-
cer peak incidence rates occur in well-developed 
countries (Europe and North America), where it is 
the most common gynecological malignancy 
(Ferlay et al. 2013). This is probably due to life-
style factors, in particular obesity, which has been 
linked to about 50 % endometrial cancers in these 
countries (Epstein and Blomqvist 2014; Calle and 
Kaaks 2004). The increase in life expectancy is 
also responsible for its rising (Koh et al. 2014).

Endometrial cancer is more likely to occur in 
postmenopausal women in their sixth and seventh 
decades, with cases only rarely reported under 
the age of 35 in the United Kingdom (Patel et al. 
2010; Cancer Incidence Statistics 2015).

Despite its relatively high prevalence, approx-
imately 82 % of endometrial cancers are diag-
nosed at an early stage, which makes its overall 
prognosis favorable (Cancer Incidence Statistics 
2015). Its worldwide mortality rate is low and it 
has been estimated at 2.2 % (Ferlay et al. 2013).

1.2  Pathology and Risk Factors

The World Health Organization (WHO) classifi-
cation of uterine corpus tumors was revised in 
2014 (Kurman et al. 2014). Endometrial carcino-
mas (also known as adenocarcinoma of the endo-
metrium) are classified under the “Epithelial 
Tumours and Precursors” group and clinicopath-
ologically divided into the following types: endo-
metrioid carcinoma; mucinous carcinoma; serous 
endometrial intraepithelial carcinoma; serous 

carcinoma; clear-cell carcinoma; neuroendocrine 
tumors; mixed cell adenocarcinoma; undifferen-
tiated carcinoma; and dedifferentiated carcinoma 
(Table 1) (Kurman et al. 2014).

Although carcinosarcoma belongs to the 
“Mixed Epithelial and Mesenchymal Tumours” 
group of the uterine corpus, it should be staged as 
an endometrial carcinoma (Kurman et al. 2014).

Biologically and clinicopathologically, endo-
metrial carcinomas are divided into two types: 
type 1 or estrogen-dependent carcinomas and type 
2 or estrogen-independent carcinomas (Table 2).

Type 1 correspond mainly to endometrioid 
carcinomas and accounts for approximately 90 % 
of endometrial cancers, whereas type 2 cancers 
correspond to the majority of the other histopath-
ological subtypes (Epstein and Blomqvist 2014).

Type 1 endometrial cancers are associated with 
prolonged unopposed estrogen exposure, there-
fore with the following risk factors: estrogen 
replacement therapy; tamoxifen therapy for 
breast cancer; polycystic ovarian syndrome; 
estrogen producing ovarian tumors; obesity (con-
version of androgen to estrone in adipose tissue); 
diabetes; early menarche and late menopause and 

Table 1 World Health Organization classification of epi-
thelial tumors and precursors of the uterine corpus

Precursors

  Hyperplasia without atypia

  Atypical hyperplasia/endometrioid intraepithelial 
neoplasia

Endometrial cancer

  Endometrioid carcinoma

   Squamous differentiation

   Villoglandular

   Secretory

  Mucinous carcinoma

  Serous endometrial intraepithelial carcinoma

  Serous carcinoma

  Clear-cell carcinoma

  Neuroendocrine tumors

   Low-grade neuroendocrine tumor (carcinoid 
tumor)

   High-grade neuroendocrine carcinoma (small cell 
neuroendocrine carcinoma; large cell 
neuroendocrine carcinoma)

  Mixed cell adenocarcinoma

  Undifferentiated carcinoma

  Dedifferentiated carcinoma

Adapted from Kurman et al. (2014)
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nulliparity (Shapiro et al. 1985; Fisher et al. 
1994; Renehan et al. 2008; Soliman et al. 2006; 
McPherson et al. 1996).

Endometrioid cancers are endometrial glandu-
lar neoplasms that can be preceded or associated 
with endometrial hyperplasia (Kurman et al. 2014; 
Colombo et al. 2013). They are subdivided into 
three grades of differentiation (well to poorly dif-
ferentiated) according to the amount of solid com-
ponents (Colombo et al. 2013; Tirumani et al. 
2013). Low-grade tumors are usually diagnosed at 
an early stage and generally have a good outcome, 
whereas high-grade endometrioid cancers are asso-
ciated with a poor prognosis (Tirumani et al. 2013).

Endometrioid cancers are characteristically 
associated with PTEN, K-RAS, and CTNNB 
gene mutations (Tirumani et al. 2013).

Mucinous carcinomas are a rare form of type 1 
endometrial cancer, where more than 50 % of 
glandular cells mucin can be found. They are in 
the majority of times well differentiated and 

associated with good prognosis (Kurman et al. 
2014; Jalloul et al. 2012).

Type 2 tumors are constituted by the other his-
tological types, namely, serous carcinoma and 
clear-cell carcinoma (Tirumani et al. 2013; 
Jalloul et al. 2012). They have a more aggressive 
clinical behavior, a poorer prognosis, and are 
usually diagnosed at higher stage (Tirumani et al. 
2013; Jalloul et al. 2012).

Genetics changes such as p53 and p16 inactiva-
tion genes and gene overexpression of HER-2/neu 
are frequently present in these types of carcinomas 
(Tirumani et al. 2013; Hecht and Mutter 2006).

Although classically considered estrogen-
independent cancers, Setiawan and her col-
leagues found an overlap between risk factors of 
type 1 and type 2 endometrial cancers (Setiawan 
et al. 2013). Parity, oral contraceptives use, age at 
menarche, diabetes and smoking were associated 
with both type 2 (mainly serosal and mixed carci-
nomas) and type 1 cancers (Setiawan et al. 2013). 
The risk factors of type 2 endometrial cancer and 
high-grade endometrioid tumors were similar, 
whereas body mass index was more associated 
with type 1 cancer (Setiawan et al. 2013).

Serous carcinomas make up the majority of 
type 2 endometrial cancers. They are character-
ized by the presence of complex papillary archi-
tecture associated with remarkable nuclear 
pleomorphism (Kurman et al. 2014). They are 
not associated with endometrial hyperplasia, but 
may be preceded by serous endometrial intraepi-
thelial carcinoma, a noninvasive form of carci-
noma confined to the epithelium that generally 
develops in a polyp or in an atrophic endome-
trium (Kurman et al. 2014).

Clear-cell carcinoma is a rare form of type 2 
cancer that resembles its ovarian counterpart 
(Kurman et al. 2014).

Undifferentiated and dedifferentiated carcino-
mas of the endometrium are also rare types. The 
former is characterized by the presence of cells 
with no differentiation, whereas the latter is com-
posed partially by undifferentiated type carci-
noma and by International Federation of 
Gynaecology Obstetrics (FIGO) grade 1 or 2 
endometrioid carcinoma (Kurman et al. 2014).

Mixed carcinomas are made of two or more 
types of endometrial carcinomas, with at least one 
being a type 2 carcinoma (Kurman et al. 2014).

Table 2 Types of endometrial cancer

Type 1 endometrial cancer

Endometrioid carcinoma (90 %)

Mucinous carcinoma (rarely)

Commonly associated with endometrial hyperplasia

Estrogen-dependent carcinomas

Risk factors:

  Estrogen replacement therapy

  Tamoxifen therapy for breast cancer

  Polycystic ovarian syndrome

  Estrogen producing ovarian tumors

  Obesity (conversion of androgen to estrone in 
adipose tissue)

  Diabetes

  Early menarche and late menopause

  Nulliparity

Usually diagnosed at an early stage

Good prognosis

Type 2 endometrial cancer

Other histological types, namely, serous carcinoma 
and clear-cell carcinoma

Generally develops in a polyp or in an atrophic 
endometrium (serous carcinoma)

May present with distant disease even without 
myometrial invasion (serous carcinoma and clear-cell 
carcinoma)

Usually diagnosed at a high stage

Aggressive clinical behavior

Poor prognosis
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Neuroendocrine tumors of the endometrium 
are extremely rare tumors.

Although they present different pathological 
and epidemiological features, in the latest WHO 
classification they have been grouped under 
endometrial carcinomas (Kurman et al. 2014).

Endometrial neuroendocrine tumors may be 
of low grade (carcinoid tumors) or of high grade 
(small cell neuroendocrine carcinomas and large 
cell neuroendocrine tumors).

The majority of cases reported in the literature 
are of small cell neuroendocrine carcinomas, 
which present as their lung counterpart (Lopes 
Dias et al. 2015).

They tend to be aggressive tumors with a poor 
prognosis. Women are generally in the post-
menopausal age and tend to present with vaginal 
bleeding, but sometimes due to their aggressive-
ness, metastatic pain can be present (Lopes Dias 
et al. 2015; Eichhorn and Young 2001).

Carcinosarcomas are an admixture of carcinoma-
tous and mesenchymal sarcomatous components 
(Kurman et al. 2014). Carcinomatous elements are 
generally high-grade endometrioid, serous, clear-
cell, or undifferentiated carcinomas. Carcinosarcomas 
are classified under the “Mixed epithelial and mesen-
chymal” group (Kurman et al. 2014). However, due 
to their carcinomatous component and to the fact 
that their risk factors present symptoms and behav-
ior similar to those of high-grade endometrial carci-
nomas, they are staged as such.

The radiological and pathological appearances 
of these tumors tend to differ from the other histo-
pathological endometrial cancer subtypes, as they 
tend to present as large hemorrhagic and necrotic 
masses that distend the endometrial cavity, com-
pressing and frequently invading the myometrium 
and the cervical stroma. Their prognosis is poor 
since they tend to present lymphatic and some-
times hematogenous spread at the time of diagno-
sis. Recurrence is also frequent.

The majority of endometrial cancers are spo-
radic. Nonetheless, about 5 % of endometrial 
cancers are caused by genetic mutations (e.g., 
Lynch syndrome, Cowden syndrome). These 
cancers tend to occur 10–20 years before the spo-
radic type (Koh et al. 2014; Resnick et al. 2009).

1.3  Symptoms and Diagnosis

About 90 % of patients with endometrial carci-
noma present with abnormal vaginal bleeding 
(Koh et al. 2014; Colombo et al. 2013). Therefore, 
endometrial carcinoma is often diagnosed at an 
early and treatable stage, at which the prognosis 
is good.

Some women also seek care owing to pelvic 
pain or pressure (usually patients with advanced 
stage disease). Moreover, patients may present 
with atypical glandular cells on cervical cytol-
ogy, which requires further evaluation for prema-
lignant or malignant diseases of the endocervix 
and of the endometrium.

The first diagnostic step to evaluate women 
with pre- and postmenopausal abnormal vaginal 
bleeding should be the measurement of endome-
trial thickness with transvaginal ultrasound 
(TVUS) (Fig. 1) (Bennet et al. 2011). 
Transabdominal ultrasound may also be used as 
an adjunct modality, particularly in large leiomy-
omatous uterus or when women cannot tolerate 
TVUS (Bennet et al. 2011).

In postmenopausal women with vaginal bleed-
ing an upper threshold of 5 mm or of 4 mm for 
normal endometrial thickness should be consid-
ered (Bennet et al. 2011; Gull et al. 2003; Karlsson 
et al. 1995; Smith-Bindman et al. 1998). In this 
age group, an endometrial thickness measurement 

Fig. 1 Serous endometrial carcinoma in a 59-year-old 
woman presenting with vaginal bleeding. Transvaginal 
ultrasonography detected thickening of the endometrium 
(arrow), which was posteriorly submitted to biopsy that 
diagnosed a serous endometrial carcinoma
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≤5 mm is associated with the absence of endome-
trial cancer (Gupta et al. 2002). This cut-off value 
should also be used in women under hormone 
replacement therapy and under tamoxifen (Bennet 
et al. 2011).

In symptomatic patients in premenopausal age, 
an upper threshold of normal endometrial thick-
ness is more difficult to establish due to its varia-
tions during the menstrual cycle. In this group of 
women, the assessment of the endometrium should 
be performed during the early first half of the men-
strual cycle (Bennet et al. 2011). In these women, 
an endometrial thickness >16 mm has shown to 
have a sensitivity of 67 % and a specificity of 75 % 
for detecting endometrial abnormalities (Bennet 
et al. 2011; Hulka et al. 1994). A heterogeneous 
endometrium or an area of focal thickness should 
be also further investigated (Bennet et al. 2011; 
Goldstein et al. 2001).

If the endometrium is thickened or heteroge-
neous, a sample of the endometrium must be 
undertaken to establish a definite histopathologi-
cal diagnosis. In these cases a hysteroscopy with 
biopsy or resection should be performed.

Before treatment, the initial evaluation should 
include a medical history, a physical and gyneco-
logical examination, a complete blood count, and 
a chest radiograph (Koh et al. 2014).

If the age of the onset of the disease is 
<50 years and if there is history of familiar 
colorectal or endometrial cancer, screening for 
genetic mutations should be performed (Koh 
et al. 2014).

Women with Lynch syndrome, without endo-
metrial cancer, should be screened annually with 
an endometrial biopsy (Koh et al. 2014; Järvinen 
et al. 2009; Meyer et al. 2009). Prophylactic hys-
terectomy with bilateral salpingoophorectomy 
may be considered in these patients (Koh et al. 
2014; Schmeler et al. 2006).

2  Endometrial Cancer Staging

Endometrial carcinoma is staged with the 
International Federation of Gynaecology 
Obstetrics (FIGO) system, which was last revised 

in 2009 (Table 3) (Creasman 2009; Pecorelli 
2009). This classification defines that endome-
trial carcinoma is staged on the basis of surgico-
pathological findings.

The complete surgical staging procedure 
implies hysterectomy with bilateral salpingo-
oophorectomy, assessment of the abdominal cav-
ity with biopsies of suspicious peritoneal lesions, 
cytology of peritoneal washings, and pelvic and 
retroperitoneal lymphadenectomy (Koh et al. 
2014). In patients with serous carcinoma, clear-
cell carcinoma, and carcinosarcoma, the surgical 
staging procedure should be the same as for ovar-
ian cancer (Koh et al. 2014).

The FIGO 2009 staging classification is as fol-
lows (Table 3) (Pecorelli 2009):

In stage I, the tumor is confined to the uterus. 
This stage is subdivided in two substages:  
stage IA (the tumor invades <50 % of the myo-
metrium) and stage IB (the tumor invades ≥50 % 
of the myometrium).

Table 3 Endometrial Cancer Staging: FIGOa 2009

Stage I—The tumor is confined to the uterine corpus

IA—Absence or invasion of <50 % of the 
myometrium

IB—Invasion of ≥50 % of the myometrium

Stage II—The tumor invades the cervical stroma, but 
not beyond the uterus

Stage III—There is local or regional involvement

IIIA—The tumor invades the serosa and/or the adnexa

IIIB—Presence of vaginal and/or parametrial 
involvement

IIIC—Presence of pelvic or para-aortic 
lymphadenopathies

  IIIC1—Presence of pelvic lymphadenopathies

  IIIC2—Presence of para-aortic lymphadenopathies, 
with or without pelvic lymphadenopathies

Stage IV—The tumor invades the bladder mucosa and/
or the intestinal mucosa, and/or there are distant 
metastases

IVA—The tumor invades the bladder mucosa and/or 
the intestinal mucosa

IVB—Presence of distant metastases, including 
abdominal metastases and/or inguinal 
lymphadenopathies.

Adapted from Pecorelli (2009)
aFIGO International Federation of Gynaecology and 
Obstetrics
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In stage II, the tumor invades the cervical 
stroma, but not beyond the uterus.

Stage III is subdivided into three substages. In 
stage IIIA, the tumor invades the serosa or/and 
the adnexa (direct extension or metastasis). In 
stage IIIB, there is involvement of the parametria 
and/or the vagina (direct extension or metasta-
sis). In stage IIIC, there is lymph node involve-
ment (IIIC1 if there are positive pelvic lymph 
nodes and IIIC2 if there are positive para-aortic 
lymph nodes).

Stage IV is also subdivided into two sub-
stages. The tumor is in stage IVA if there is 
mucosal invasion of the bladder or/and the bowel 
and it is in stage IVB if there are distant metasta-
sis including abdominal metastasis and/or the 
presence of positive inguinal lymph nodes.

MR imaging is not considered in the FIGO 
staging of endometrial carcinoma, but due to its 
high contrast resolution and reproducibility, it 
has an important role in the preoperative staging 
of the disease. Thus, it is crucial for tailoring the 
surgical approach to these patients.

There is still no consensus on whether com-
plete surgical staging with primary pelvic and 
para-aortic lymphadenopathy should be performed 
at stage I, namely, in patients with low recurrence 
risk (Bonatti et al. 2015; Todo et al. 2010; May 
et al. 2010). However, it is known that the tumor 
histological type and grade, the presence of myo-
metrial invasion ≥50 %, and the presence of lym-
phovascular space invasion correlate with the 
presence of lymph node metastasis and with over-
all survival (Rechichi et al. 2010; Sala et al. 2013; 
Boronow 1990; Larson et al. 1996). From these 
features, only the histological type and grade can 
be assessed preoperatively without imaging. 
Nonetheless, discrepancies of up to 15 % between 
the pre- and postoperative tumoral histopathologi-
cal results have been described (Sala et al. 2013; 
Frei et al. 2000).

MR can accurately determine the depth of 
myometrial invasion. Therefore, in conjunction 
with the histopathological grade it may be used to 
select the patients that might be candidates for 
pelvic and para-aortic lymphadenectomy, pre-
cluding surgery in low-risk patients, thus avoid-
ing the morbidities associated with this procedure. 

Presence of lymph node metastases has been 
reported in more than 30 % of the cases of endo-
metrial cancer with ≥50 % of myometrial inva-
sion and in only 5 % of cases when the tumor 
invades <50 % of the myometrium (Larson et al. 
1996; Gallego et al. 2014).

Lymphovascular invasion is generally assessed 
postoperatively. It is related not only to the likeli-
hood of lymph node involvement, but with tumor 
relapse and poor survival (Sala et al. 2013; Fujii 
et al. 2015; Briët et al. 2005). Not many studies 
have addressed the role of MR in diagnosing 
lymphovascular space involvement. However, a 
study by Nougaret et al. showed that whole tumor 
volume and ADC could be useful in its prediction 
(Nougaret et al. 2015).

Cervical stromal invasion is also associated 
with lymph node metastasis and poor survival. 
MR can accurately diagnose cervical stromal 
invasion and parametrial invasion. This is partic-
ularly important so surgeons can avoid cutting 
through the tumor and thus perform an extensive 
resection (Sala et al. 2013).

Moreover, MR is helpful is diagnosing 
advanced disease involving the adnexa and the 
peritoneum, which generally are contraindica-
tions to laparoscopic and robotic surgery (Sala 
et al. 2013; Venkat et al. 2012; Amant et al. 
2007). Other extra-uterine coexistent pathologies 
can also be diagnosed that may help determining 
the surgical approach.

Therefore, MR is useful not only in planning 
surgical treatment but also in selecting more 
advanced and difficult surgical cases that should 
be guided to specialized oncologic centers.

MR is also useful in determining the origin  
(cervical or endometrial) of a biopsy proven adeno-
carcinoma (Fig. 2). Vargas and colleagues showed 
that by assessing the epicenter of the tumor, the 
endometrial versus the cervical origin of an adeno-
carcinoma could be determined with an accuracy of 
85–88 % (Vargas et al. 2011). Furthermore, endo-
metrial thickening, expansion of the endometrial 
cavity by a mass, and the presence of a tumor invad-
ing the myometrium may aid the discrimination 
between these two types of tumors (Haider et al. 
2006). This distinction is particularly important, 
because early stage cervical adenocarcinomas are 
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treated with surgery, advanced stage cervical adeno-
carcinomas are treated with chemotherapy and 
radiotherapy and endometrial carcinomas are 
treated primarily with surgery.

Although fertility-sparing progesterone ther-
apy is not the standard of care for endometrial 
cancers, it might be considered according to 
patients request in treatment of low-grade endo-
metrial cancers that do not invade the myome-
trium. In these cases, MR is essential in defining 
which patients are candidates to this approach.

2.1  MR Protocol for Staging 
Endometrial Carcinoma

In our institution the MR protocol for staging 
endometrial carcinoma is as follows (Table 4):

Patients are advised to fast 4–6 h before the 
procedure. A fast acting laxative enema to clean 

the bowel is administered the day before the 
exam and during the morning of the exam. 
Patients are encouraged to void before the exami-
nation since a full bladder degrades the quality of 
T2-weighted images.

In order to reduce bowel peristalsis and hence 
improve image quality, 1 mg of glucagon intrave-
nous is administered before the exam. Alternatively, 
20 mg or 40 mg of hyoscine butylbromide intra-
muscular/intravenous can be administered.

Patients are advised to avoid the use of vaginal 
tampon.

MR imaging can either be performed in a 
1.5 T or a 3 T MR machine. 3 T MR has been not 
shown to offer significant benefit over 1.5 T MR 
in the evaluation of endometrial cancer, since 3 T 
MR is more prone to susceptibility and chemical-
shift artifacts that impair the image quality 
(Wakefield et al. 2013; Haldorsen and Salvesen 
2012; Hori et al. 2013).

Fig. 2 Endometrial carcinoma that invades the cervical 
stroma in a 53-year-old woman. Sagittal T2-weighted 
image. Distinction between endometrial and cervical ori-
gin of an adenocarcinoma may be challenging. Radiologists 
should look for the epicenter of the tumor (>50 %) (circle), 
and other signs that may help defining endometrial origin, 
such as endometrial thickness (arrow), expansion of the 
uterine cavity by a mass (squared brackets), and invasion 
of the myometrium (dashed arrow)

Table 4 MR protocol scheme for endometrial cancer 
staging

MRI protocol for endometrial cancer staging

Abdomen

  T2 FSE axial (6 mm/1 mm)—from the diaphragm 
to the iliac crests

  Axial DWI and the respective ADC maps (6 mm)

Pelvis

  T1 FSE axial (5 mm/0.5 mm)

  T2 FSE axial (5 mm/0.5 mm); T2 FSE sagittal 
(4 mm/0.4 mm); T2 FSE axial oblique of the uterine 
corpus (perpendicular to the uterine cavity; 
4 mm/0.4 mm)

  Dynamic contrast-enhanced study in the axial 
oblique plane of the uterine corpus: 3D T1, FS 
pre- and postcontrast administration, five 
acquisition phases (until 150 s; 2 mm)

  Axial DWI and the respective ADC maps 
(5 mm/0.5 mm)

Protocol variants

If there is suspicion of cervix invasion:

  T2 FSE axial oblique of the uterine cervix 
(perpendicular to the cervical canal; 4 mm/0.4 mm)

  Dynamic contrast-enhanced study in the sagittal 
plane: 3D T1, FS pre- and postcontrast 
administration, five acquisition phases (until 150 s; 
2 mm)

  Axial oblique plane of the uterine cervix 
postcontrast injection 3D T1, FS in late phase 
(4 min; 2 mm)
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A pelvic phase array is used along with ante-
rior and superior saturation bands.

The patient should be placed in a supine posi-
tion for the whole exam. However, prone position 
may be used in uncooperative patients.

Axial imaging of the abdomen (from 
 diaphragm to iliac crests) should be per-
formed for the evaluation of advanced 
disease, with fast recovery, fast spin-echo T2- 
weighted images (6 mm/1 mm, breath-hold). Abdo-
minal axial diffusion-weighted images (DWI)  

(6 mm, b-values—0, 500,  1000 s/mm2) and the 
respective ADC maps should also be obtained.

Evaluation of the pelvis should be performed 
with axial fast spin-echo T1-weighted images 
(5 mm/0.5 mm), axial fast spin-echo T2-weighted 
images (5 mm/0.5 mm), and sagittal fast spin-
echo T2-weighted images (4 mm/0.4 mm).

Fast spin-echo T2-weighted axial oblique 
images (perpendicular to the uterine cavity, 
4 mm/0.4 mm) are helpful in assessing myome-
trial invasion (Fig. 3).

a c

b d

Fig. 3 (a, b) Axial oblique plane of the uterine corpus (perpendicular to the uterine cavity); (c, d) axial oblique plane 
of the uterine cervix (perpendicular to the cervical canal)
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The dynamic contrast-enhanced MR images 
are obtained after the injection of 0.1 mmol/kg of 
gadolinium at a rate of 2 mL/s. In our institution, 
images are acquired using a 3D-recalled echo fat-
suppressed T1-weighted sequence, pre- and post-
contrast injection during five acquisition phases 
in the axial-oblique plane (perpendicular to the 
uterine cavity), until 150 s (2 mm). The dynamic 
study tends to be avoided in patients with renal 
impairment.

DWI study (b-values—0, 600, 1000 s/mm2, 
5 mm/0.5 mm) and the respective ADC maps are 
performed in the axial plane.

If there is suspicion of cervix invasion, axial 
oblique of the cervix fast spin-echo T2-weighted 
images (perpendicular to the cervical canal, 
4 mm/0.4 mm) are obtained to evaluate parame-
trial invasion (Fig. 3). In these cases, the dynamic 
study should be performed in the sagittal plane 
using a 3D-reccaled echo fat-suppressed 
T1-weighted sequence, pre- and postcontrast 
injection during five acquisition phases until 
150 s (2 mm). Furthermore, axial oblique of the 
cervix (perpendicular to cervical canal) postcon-
trast injection 3D-reccaled echo fat-suppressed 
T1-weighted images are obtained in a late phase 
(4 min, 2 mm), to better assess cervical stromal 
invasion (Fig. 3).

2.2  MR Findings According 
to the Stage of Endometrial 
Carcinoma

On conventional imaging, the normal uterus 
anatomy is better depicted on T2-weighted 
images. The endometrium tends to be hyperin-
tense, the junctional zone is hypointense and the 
outer myometrium shows intermediate intensity 
(Fig. 4).

Endometrial cancer is isointense to the endo-
metrium on T1-weighted images and it most fre-
quently shows heterogeneous moderate to 
high-signal intensity on T2-weighted images. 
However, it can also show low-signal intensity on 
T2-weighted images (Fig. 5).

On DCE-MR, in the arterial phase (≈30 s) 
endometrial tumors enhance earlier than does the 

normal endometrium, as this is the most adequate 
sequence to depict small endometrial tumors 
confined to the endometrium. At the equilibrium 
phase (≈120–180 s), tumors tend to be hypoin-
tense relative to the myometrium. However, they 
can remain isointense and a minority can even be 
hyperintense (Figs. 5 and 6).

On DWI-MR the tumors usually show 
restricted diffusion (hyperintensity on high 
b-value sequences and hypointensity on the 
respective ADC map) (Fig. 6). ADC values have 
shown to be significantly lower in endometrial 
carcinoma than in normal endometrium and 
benign conditions such as endometrial polyps 
and submucosal leiomyomas (Fujii et al. 2008; 
Tamai et al. 2007; Takeuchi et al. 2009; Rechichi 
et al. 2011) (Fig. 7).Therefore, this functional 
sequence can be helpful in diagnosing an endo-
metrial tumor when biopsy cannot be easily per-
formed (i.e., in the case of cervical stenosis) or 
when the histopathological diagnosis is not con-
clusive. Cross-reference with conventional 
sequences is, however, mandatory to avoid pit-
falls, since restricted diffusion may be present 
also in retained secretions in the endometrial 
cavity.

Several studies have shown that there is no 
relation between the tumor grade, aggressive-
ness, and ADC values (Rechichi et al. 2011; 

Fig. 4 Normal uterine T2-weighted anatomy. Sagittal 
T2-weighted image. Hyperintense endometrium (arrow); 
hypointense junctional zone (dashed arrow); outer myo-
metrium showing intermediate intensity (dotted line); 
hypointense cervical stroma (arrowhead)
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Bharwani et al. 2011). However, in one study 
higher grade tumors were associated with lower 
ADC values but there was a considerable over-
lap in estimation of histological grade based on 
ADC values (Tamai et al. 2007). Moreover, 
high ADC values may be found in high-grade 
tumors with a large necrotic component (Sala 
et al. 2010).

2.2.1  Stage I Disease
Stage I endometrial carcinomas account for 
approximately 74 % of endometrial cancers 
(Cancer Incidence Statistics 2015). The most 
important role of the radiologist, when facing a 
stage I endometrial cancer is to determine the 
extent of myometrial invasion, since stage I dis-
ease is subdivided into stage IA disease, if the 

a b

c d

Fig. 5 MR features of endometrial cancer. (a) endometri-
oid cancer showing heterogeneous high-signal intensity 
on sagittal T2-weighted image (arrow); (b) endometrioid 
cancer showing hyposignal intensity on axial oblique 
T2-weighted image, a less common appearance (dashed 
arrow); (c, d) endometrioid cancer distending the uterine 

cavity and compressing the myometrium showing a 
remarkable heterogeneous high-signal intensity on axial 
oblique T2 weighted image (dotted arrows) and mixed 
hypointensity and isointensity relative to outer myome-
trium after administration of gadolinium in the equilib-
rium phase (dotted arrows)

M. Horta and T.M. Cunha



189

tumor only invades <50 % of the myometrium, 
and stage IB disease, if the tumor invades ≥50 % 
of the myometrium (Figs. 8 and 9) (Pecorelli 
2009). If the patient is considering fertility-sparing 
treatment, it is also important to clearly define if 
the tumor is confined to the endometrium or if it 
invades the superficial myometrium, which pre-
cludes this approach (Fig. 10) (Jafari Shobeiri 
et al. 2013; Kesterson and Fanning 2012).

T2-weighted images are useful in determining 
myometrial invasion. A focal or diffuse thicken-
ing of the endometrium with a clearly visualized 
intact junctional zone is a sign that the tumor is 
confined to the endometrium (Fig. 8). Breaching 
and irregularity of the hypointense signal of the 
junctional zone implies superficial myometrial 
invasion (Manfredi et al. 2005).

The depth of myometrial invasion should be 
based on the thickness of remaining myometrium 

where the tumor is at its deepest point into the 
myometrium (Haldorsen and Salvesen 2012; 
Koyama et al. 2007).

However, there are situations where the evalua-
tion of myometrial invasion by T2-weighted 
images may be difficult or even impossible, such 
as the presence of: a tumor in the cornua (Fig. 11); 
a fibromatous uterus (Fig. 11); a less conspicuous 
junctional zone in postmenopausal women (Fig. 
12); a thinned myometrium in postmenopausal 
women (Fig. 13); an adenomyotic uterus (Fig. 14); 
a polypoid uterus; a congenital abnormality (Fig. 
15); and the presence of poor tumor signal differ-
ence/isointensity between the tumor and the myo-
metrium (Figs. 6 and 16) (Kinkel 2006; Scoutt 
et al. 1995; Yamashita et al. 1993a; Saez et al. 
2000; Fanning et al. 1990). In these cases, 
DCE-MR and DWI-MR play an important role, 
when combined with T2-weighted images.

a b

c

Fig. 6 (a) Endometrioid carcinoma in a 79-year-old 
woman, isointense to the myometrium after administra-
tion of gadolinium in the equilibrium phase, making it dif-
ficult to access the depth of myometrial invasion (arrow); 

(b, c) diffusion-weighted image (b = 1000 mm/s2) and the 
respective ADC map show typical tumoral restricted dif-
fusion, enabling the radiologist to diagnose invasion of 
≥50 % the myometrium (stage IB) (arrow)
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On DCE-MR imaging, in the arterial phase 
(≈ 30 s), the junctional zone typically enhances 
avidly when compared to the endometrial tumor 
(Manfredi et al. 2005). Disruption of this suben-
dometrial enhancement usually indicates myo-
metrial invasion (Fujii et al. 2015; Manfredi et al. 
2005; Nakao et al. 2006; Yamashita et al. 1993b; 
Kaneda et al. 2011; Frei and Kinker 2001). This 
is particularly important when the patient is being 
considered for fertility-sparing treatment since 
the FIGO 2009 division of stage I disease is only 
based on the presence of invasion of the inner or 

outer portions of the myometrium (Fig. 10) 
(Jafari Shobeiri et al. 2013; Kesterson and 
Fanning 2012).

On the other hand, it is in the equilibrium 
phase (≈120 s) that is better diagnosed deep myo-
metrial invasion. In this phase there is more pro-
nounced contrast-to-noise ratio between the outer 
myometrium, which is markedly hyperintense, 
and the endometrial tumor, which is usually 
hypointense (Figs. 9, 13 and 15) (Manfredi et al. 
2005). Attention must be paid to the presence of 
peritumoral inflammatory enhancement, which 

a b

c d

Fig. 7 Benign polyp in a 60-year-old woman. (a) Axial 
oblique T2-weighted image shows a heterogeneous 
hyperintense filling of the endometrial cavity; (b) axial 
oblique 3D fat-suppressed T1-weighted sequence after 
the administration of gadolinium in the arterial phase 
(30 s) shows lesional heterogeneous enhancement (arrow). 
Note the avid enhancement of the junctional zone in this 
phase when compared to the outer myometrium (dashed 

arrow). Both T2 and DCE-MR characteristics of this 
benign polyp mimic those of endometrial carcinoma; (c) 
axial diffusion-weighted image (b = 1000 s/mm2) shows 
high-signal intensity of the tumor; (d) the apparent diffu-
sion coefficient map also shows high-signal intensity. In 
contrast to what would be expected in an endometrial car-
cinoma, this benign polyp does not show restricted 
diffusion
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can exaggerate the appearance of myometrial 
invasion (Sala et al. 2013).

DWI-MR has shown to be very useful in 
assessing myometrial invasion, especially in 
patients who cannot receive intravenous contrast, 
in patients with isointense or hyperintense tumors 

relative to the myometrium following contrast 
administration, and in patients with adenomyosis 
(Figs. 16, 14 and 16) (Takeuchi et al. 2009; Sala 
et al. 2010).

Moreover, DWI-MR is very accurate in 
assessing myometrial invasion.

a b

Fig. 8 Stage IA endometrioid carcinoma. (a) Axial 
oblique T2-weighted image; (b) axial oblique 3D fat-sup-
pressed T1-weighted sequence after the administration of 
gadolinium in the arterial phase (30 s). There is preserva-
tion of the regular hypointense signal on T2-weighted 

image and of the regular enhancement of the junctional 
zone after administration of gadolinium in the arterial 
phase (dashed arrow), thus the tumor is confined to the 
endometrial cavity (arrow). Note the intramural leiomy-
oma in the posterior corpus (dotted arrow)

a b

Fig. 9 Stage IB endometrioid carcinoma in an 85-year-
old woman. (a) Axial oblique T2-weighted image; (b) 
axial oblique 3D fat-suppressed T1-weighted sequence 
after the administration of gadolinium in the equilibrium 
phase (120 s). There is extension of the tumor to the outer 

portion of the left posterior myometrium (arrow), which 
is clearly depicted after the administration of gadolinium 
in the equilibrium phase, where there is more pronounced 
contrast-to-noise ratio between the hypointense tumor and 
the hyperintense outer myometrium
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a b

Fig. 10 Endometrioid carcinoma in a woman considering 
fertility-sparing therapy. (a) Axial oblique T2-weighted 
image; (b) axial oblique 3D fat-suppressed T1-weighted 
sequence after the administration of gadolinium in the 
arterial phase (30 s). Axial oblique T2-weighted image is 

inconclusive regarding myometrial invasion, whereas 
DCE-MR in the arterial phase clearly shows that there is 
no disruption of the junctional zone enhancement and 
therefore the tumor does not invade the myometrium

a

f g h i

j k

b c d e
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a b c

Fig. 12 Stage IA mucinous carcinoma of the endometrium 
in a 72-year-old woman with a thinned junctional zone. (a) 
Sagittal T2-weighted image; (b) axial oblique T2-weighted 
image; (c) axial oblique 3D fat-suppressed T1-weighted 
sequence after the administration of gadolinium in the arte-
rial phase (30 s). The junctional zone of this postmeno-
pausal woman cannot be identified in T2-weighted images, 

making it difficult to assess the depth of tumoral myome-
trial invasion. The use of T2-weighted images alone might 
suggest that the tumor invades the outer portion of the myo-
metrium (arrow). However contrast-enhanced image in the 
arterial phase clearly shows an enhancing regular junctional 
zone (dashed arrow) and the tumor confined to the endo-
metrial cavity (dotted arrow)

a b c

Fig. 13 Stage IA endometrioid carcinoma in a 72-year-old 
woman with myometrial thinning secondary to stretching 
due to a large tumor. (a) Sagittal T2-weighted image; (b) 
axial T2-weighted image; (c) axial oblique 3D fat-sup-
pressed T1-weighted sequence after the administration of 
gadolinium in the equilibrium phase (120 s). Distortion at 
the base of this polypoid tumor is difficult to distinguish 

from outer myometrial tumoral invasion on T2 weighted 
images (arrow). Contrast-enhanced image in the equilib-
rium phase clearly shows a hypointense tumor (dashed 
arrow) that does not invade the outer hyperintense myome-
trium (dotted arrow). Note the T2 hypointense intramural 
leiomyoma (asterisk)

Fig. 11 Endometrial adenocarcinoma in a 71-year-old 
patient, previously submitted to radiation therapy due to 
cervical cancer. (a–e) Sagittal T2-weighted images fail to 
clearly show a small isointense tumor in the right uterine 
cornua (yellow arrow), due to the coexistence of submu-
cosal leiomyomas (dotted arrow); (f–i) axial oblique 
T2-weighted images better depict this isointense lesion 

and clearly differentiate it from the hypointense leiomyo-
mas; (j) axial diffusion-weighted image (b = 1000 s/mm2) 
shows high-signal intensity of the tumor; (k) the apparent 
diffusion coefficient map shows hyposignal intensity, 
therefore tumoral restricted diffusion. In contrast, the leio-
myoma present in the left cornua, does not show restricted 
diffusion
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a b

Fig. 14 Endometrioid carcinoma in a 71-year-old 
woman with an adenomyotic uterus. (a) Axial oblique 
T2-weighted image. (b) Axial oblique 3D fat-sup-
pressed T1-weighted sequence after the administration 
of gadolinium in the equilibrium phase (120 s). The 

presence of posterior adenomyosis (dashed arrow) 
impedes the assessment of tumoral (arrow) myometrial 
invasion on both T2-weighted image and contrast-
enhanced image. Diffusion-weighted images could be 
useful in this case

a b

c d

Fig. 15 Stage IB endometrioid carcinoma in a 76-year-
old woman with a bicornuate bicollis uterus. (a) Axial 
T2-weighted image; (b) axial oblique 3D fat-suppressed 
T1-weighted sequence after the administration of gado-
linium in the equilibrium phase (120 s); (c) axial diffu-
sion-weighted image (b = 1000 s/mm2). (d) ADC map. In 

this bicornuate bicollis uterus, the tumoral invasion of the 
anterior outer myometrium is difficult to depict on both 
T2-weighted image and after administration of contrast. 
Diffusion-weighted image and the respective ADC map 
clearly identify a focal area of restricted diffusion in the 
anterior outer myometrium, staging the tumor as IB
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Recent studies have shown that DWI-MR is 
significantly superior in the assessment of myo-
metrial invasion when compared to DCE-MR 
(Bonatti et al. 2015; Rechichi et al. 2010; 
Takeuchi et al. 2009; Beddy et al. 2012).

A prospective study conducted by Rechichi et al. 
has concluded that DWI-MR is highly accurate in 
assessing the depth of myometrial invasion and per-
haps it could replace DCE-MR as a complement to 
T2-weighted images in the preoperative evaluation 
of endometrial carcinoma (Rechichi et al. 2010). 
These findings were also supported by the study of 
Bonatti et al. that also stated that T2-weighted 
images and DWI could replace the combination of 
T2-weighted images and contrast-enhanced 
T1-weighted images in the preoperative staging of 
endometrial carcinoma (Bonatti et al. 2015).

Takeuchi and coworkers also reported an 
accuracy of 94 % for DWI and of 88 % for 
DCE-MR in the assessment of myometrial inva-
sion (Takeuchi et al. 2009).

ADC maps have also shown to provide accu-
rate measurement of the depth of myometrial 
invasion (Gallego et al. 2014).

Nonetheless, a recent meta-analysis assessing 
only nine studies showed that although DWI-MR 
has a slightly higher specificity in the diagnosis 
of myometrial invasion, DCE-MR and DWI-MR 
do not differ significantly in sensitivity and speci-
ficity in presurgical diagnosis of myometrial 
invasion (Andreano et al. 2014).

2.2.2  Stage II Disease
Stage II disease is characterized by cervical stro-
mal invasion (Pecorelli 2009).

In the majority of cases, T2-weighted images 
are helpful in diagnosing cervical stromal inva-
sion by depicting a heterogeneous hyperintense 
tumor disrupting the hypointense cervical stroma 
(Manfredi et al. 2005).

Axial oblique plane of the cervix (per-
pendicular to the cervical canal) postcontrast 
injection 3D-reccaled echo fat-suppressed 
T1-weighted images in a late phase (≈80–
240 s) are also very useful in assessing cervical 
stromal invasion, as they show the disruption 
of cervical enhancement by the tumor (Fig. 17) 
(Tirumani et al. 2013; Haldorsen and Salvesen 

a b

c d

e

Fig. 16 Stage IB polypoid endometrioid carcinoma that 
distends the uterine cavity and causes myometrial thinning 
in a 68 year-old woman. (a) Axial T2-weighted image; (b) 
axial oblique 3D fat-suppressed T1-weighted sequence after 
the administration of gadolinium in the equilibrium phase 
(120 s); (c) axial diffusion-weighted image (b = 1000 s/
mm2); (d) ADC map; (e) sagittal T2-weighted image. The 

endometrial tumor is heterogeneous and shows both areas of 
hypointense and hyperintense signal relatively to the outer 
myometrium after administration of gadolinium in the equi-
librium phase. This makes it difficult to assess myometrial 
invasion. Outer tumoral myometrial invasion in this thinned 
myometrium is better depicted in the diffusion-weighted 
image and in the respective ADC map (arrows)
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2012; Seki et al. 2000). Normal enhance-
ment of the cervical epithelium is present in 
tumors that project into the endocervical canal  

but do not invade the cervical stroma (Fig. 18) 
(Tirumani et al. 2013; Haldorsen and Salvesen 
2012).

a b

Fig. 17 Stage II endometrioid carcinoma in an 83-year-
old woman (a) sagittal T2-weighted image; (b) axial 
oblique plane of the cervix (perpendicular to the cervical 
canal) postcontrast injection 3D-reccaled echo fat-sup-
pressed T1-weighted images in a late phase (4 min). 

Sagittal T2-weighted image shows a voluminous endome-
trial tumor that prolapses in the cervical canal. The axial 
oblique plane of the cervix is very useful in detecting stro-
mal invasion, especially after the administration of gado-
linium in a late phase (4 min) (arrow)

a b c

Fig. 18 Endometrial cancer prolapsed into the endocervi-
cal canal (a) Axial oblique plane of the cervix (perpen-
dicular to the cervical canal) T2-weighted image: (b) 
sagittal T2-weighted image; (c) sagittal postcontrast 
injection 3D-reccaled echo fat-suppressed T1-weighted 

images in the equilibrium phase (120 s). Both axial 
oblique and sagittal T2-weighted images raise the suspi-
cion of cervical invasion. However, there is normal 
enhancement of the cervical epithelium without any dis-
ruption, which excludes stage II disease

M. Horta and T.M. Cunha



197

2.2.3  Stage III Disease
Stage III disease is defined by local or regional 
spread of the tumor and it is subdivided into three 
substages (Pecorelli 2009).

In stage IIIA endometrial cancer, the tumor 
invades the serosa or/and the adnexa (Figs. 19 
and 20).

Disruption of the serosal hypointense signal 
on T2-weighted images or loss of the enhancing 
myometrial outer margin on DCE-MR indicates 
serosal invasion (Fig. 19) (Tirumani et al. 2013; 
Manfredi et al. 2005).

The invasion of the ovaries may be due to 
direct extension via transmyometrial invasion or 
due to metastasis. Nodular foci in the adnexa are 
particularly frequent in type II endometrial can-

cer and in high-grade endometrioid carcinoma 
(Tirumani et al. 2013). DWI-MR is very useful in 
depicting these cases as well as pelvic peritoneal 
disease (Fig. 20) (Tirumani et al. 2013; Sala et al. 
2010; Shen et al. 2008).

In stage IIIB disease, there is tumoral involve-
ment of the parametria and/or the vagina by direct 
extension or by skip metastasis (Figs. 21, 22 and 
23) (Pecorelli 2009). Images of the axial oblique 
plane of the cervix (perpendicular to the cervical 
canal) are very helpful in detecting parametrial 
invasion (Fig. 21). Detection of parametrial inva-
sion is particularly important so surgeons can avoid 
perform a simple hysterectomy and thus perform a 
more extensive resection (Sala et al. 2013).

In stage IIIC endometrial cancer there is lymph 
node involvement (IIIC1 if there are positive pelvic 
lymph nodes and IIIC2 if there are positive para-
aortic lymph nodes) (Fig. 24) (Pecorelli 2009).

MR sensitivity for detecting tumoral lymph 
node involvement is mostly low (Haldorsen and 
Salvesen 2012). The assessment of lymphade-
nopathies on MR imaging is still based on mor-
phologic criteria (shortest axis diameter 
>10 mm) (Haldorsen and Salvesen 2012; 
Manfredi et al. 2004). DWI-MR helps detect 
lymph nodes, but there is a significant overlap 
with the ADC values of benign and malignant 
nodes (Nougaret et al. 2013; Nakai et al. 2008; 
Roy et al. 2010).

2.2.4  Stage IV Disease
Stage IV endometrial cancers are subdivided in 
two substages: stage IVA if there is invasion of 

Fig. 19 Stage IIIA endometrioid carcinoma. (a) Axial 
oblique T2-weighted image shows disruption of the T2 
hypointense serosal signal (dashed arrow) and tumoral 
invasion of the left ovary (arrow)

a b c

Fig. 20 Stage IIIA endometrioid carcinoma with subtle 
peritoneal nodules (a) axial T2-weighted image; (b) axial 
diffusion-weighted image (b = 1000 s/mm2); (c) ADC 

map. Subtle peritoneal implants can be better depicted 
with diffusion-weighted images (arrow)
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the bladder or/and the bowel (Figs. 25 and 26); 
stage IVB if there are distant metastasis includ-
ing abdominal metastasis and/or the presence of 

positive inguinal lymph nodes or/and para-aortic 
nodes above the renal hila (Fig. 27) (Pecorelli 
2009).

For an endometrial tumor to be considered as 
stage IVA, a lesion transgressing the hypoin-
tense T2-signal of the muscularis propria of the 
bladder and/or of the bowel must be clearly 
seen, as well as disrupting the hyperintense sig-
nal of the mucosa (Figs. 25 and 26) (Tirumani 
et al. 2013). Moreover, tumoral enhancement 
within the lumen should also be present (Figs. 
25 and 26). This is particularly important in the 
differential diagnosis of bladder bullous edema 
(a sign of tumoral involvement of the bladder 
serosa and muscular layer, but not of the 
mucosa), since it is not considered stage IVA 
disease (Sala et al. 2013).

Although rare at presentation, distant hema-
togenous disease most commonly affects the 
liver, lungs, and bone (Fig. 27) (Numazaki et al. 
2009).

In type 2 endometrial cancer, and in high-
grade endometrioid endometrial cancer, stage 
IVB  disease may present as in ovarian cancers 
with peritoneal carcinomatosis (Tirumani et al. 
2013; Sala et al. 2013).

a b

Fig. 21 Stage IIIB endometrioid carcinoma (a) sagittal 
T2-weighted image; (b) axial oblique plane of the cervix 
(perpendicular to the cervical canal) T2-weighted image. 
Parametrial invasion can be better depicted in the axial 

oblique plane of the cervix, where disruption of the 
hypointense stromal signal can be seen as well as tumor 
extending to both parametria (arrows)

Fig. 22 Stage IIIB endometrioid carcinoma. (a) Sagittal 
T2-weighted image shows disruption of the T2 hypoin-
tense vaginal signal with invasion of the inferior third of 
the vagina (arrows)
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3  Recent Advances 
in Functional MR Imaging 
in Assessing Endometrial 
Carcinoma

In perfusion MR, repeated acquisitions of 
sequential images during the passage of gadolin-
ium through the tumor are performed. Tumoral 
signal intensity versus time graphs and quantita-
tive perfusion maps may be obtained, making it 
possible to evaluate microvascularity parameters 

(Haldorsen and Salvesen 2012). The value of per-
fusion MR in assessing endometrial cancer is not 
yet established and validation studies are neces-
sary to study its potential benefit.

Haldorsen et al. suggested that DCE-MRI 
may offer new information about the histological 
subtype and clinical course of endometrial carci-
noma (Haldorsen et al. 2013). On the other hand, 
other studies regarding DCE-perfusion MR and 
tumor grading have shown contradictory results 
(Haldorsen et al. 2013; Ippolito et al. 2014a, b).

a b

c

d

Fig. 23 Stage IIIB endometrioid carcinoma in a 62-year-
old woman with skip vaginal metastasis. (a) Sagittal 
T2-weighted image; (b) axial T2-weighted image; (c) 
axial diffusion-weighted image (b = 1000 s/mm2); (d) 

ADC map. In the anterior lower third of the vagina a small 
lesion showing restricted diffusion can be seen (arrow). It 
was diagnosed as a vaginal metastasis
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a b

Fig. 24 Stage IIIC endometrial cancer (a) axial 
T2-weighted image shows pelvic lymphadenopathies 
(arrows) (stage IIIC1 disease); (b) axial T2-weighted 

image shows para-aortic lymphadenopathies (dashed 
arrows) (Stage IIIC2 disease)

a

d e

b c

Fig. 25 Stage IVA endometrioid carcinoma that invades 
the sigmoid colon in a 75-year-old woman. (a) Sagittal 
T2-weighted image; (b) sagittal 3D fat-suppressed 
T1-weighted sequence after the administration of gado-
linium in the equilibrium phase (120–180 s); (c) axial 
T2-weighted image; (d) axial diffusion-weighted image 

(b = 1000 s/mm2); (e) ADC map. T2-weighted images 
show disruption of the hypointense signal of the sigmoid 
colon wall and mucosal invasion. There is tumoral 
enhancement within the lumen. The tumor shows also 
marked restricted diffusion, which can also be seen in the 
sigmoid lumen
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4  Therapeutic Approaches

4.1  Surgery

All medical operable patients with endometrial 
cancer should be considered for surgery (Koh 
et al. 2014).

The standard surgical approach of endome-
trial cancer consists of total hysterectomy with 
bilateral salpingo-oophorectomy, assessment of 
the abdominal cavity with biopsies of suspicious 
peritoneal lesions, cytology of peritoneal wash-
ing, and at least excision of enlarged lymph nodes 
(Koh et al. 2014).

Although, systematic pelvic and para-aortic 
lymphadenopathy is considered part of FIGO 
surgico-pathological staging, there is still no 
consensus if it should be performed in cases of 
treatment of stage I endometrial cancer 
(Koh et al. 2014; Colombo et al. 2013; Soliman 
et al. 2010).

A randomized study has shown that in patients 
where systematic lymphadenectomy was per-
formed, a higher rate of postoperative complica-
tions was detected with no improvement of 
disease-free and overall survival rates (Benedetti 
Panici et al. 2008). The ASTEC surgical trial also 
concluded that pelvic lymphadenectomy in 
patients with early disease did not improve over-
all or recurrence-free survival (ASTEC study 
group et al. 2009). These two studies had impor-
tant limitations and caution must be taken to 
avoid overinterpretation.

On the other hand, a large retrospective study, 
the SEPAL study, showed survival benefits in 
patients with intermediate (FIGO IA and IB, 
grade 3 endometrioid carcinoma; FIGO IB, grade 
1 and 2 endometrioid carcinoma with lympho-
vascular space invasion; FIGO IC and II endome-
trioid carcinoma; any type of type 2 endometrial 
cancer) and high risk (FIGO III and IV endome-
trioid carcinoma) endometrial carcinoma when 

a

d e

b c

Fig. 26 Stage IVA endometrioid carcinoma that invades 
the bladder in a 76-year-old woman. (a) Sagittal 
T2-weighted image; (b) axial T2-weighted image; (c) 
axial oblique 3D fat-suppressed T1-weighted sequence 
after the administration of gadolinium in the equilibrium 
phase (120 s); (d) axial diffusion-weighted image 

(b = 1000 s/mm2); (e) ADC map. T2-weighted images 
show disruption of the hypointense signal of the bladder 
wall and mucosal invasion. There is tumoral enhancement 
within the lumen. The tumor shows also marked restricted 
diffusion, which can also be seen in the bladder lumen
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submitted to combined pelvic and para-aortic 
lymphadenectomy (Todo et al. 2010).

Women with stage II should be considered for 
radical hysterectomy with bilateral salpingo-
oophorectomy and pelvic and para-aortic lymph-
adenectomy (Colombo et al. 2013).

In patients with a good performance status with 
advanced stage disease (FIGO stage III and IV), 
maximum debulking surgery of resettable tumors 
should be performed. Anterior and posterior pel-
vic exenteration can be considered for stage IVA 
disease as well as palliative surgery in patients 
with metastatic disease (Colombo et al. 2013).

Women with serous, clear-cell carcinomas 
and carcinosarcomas should be submitted to the 
same surgical-pathological staging of ovarian 
cancer (Koh et al. 2014). Serous and clear-cell 
carcinomas can occur in atrophic endometrium 
and may present with distant disease even  without 
myometrial invasion; therefore, omentectomy, 

diaphragmatic cytology or biopsy, and random 
peritoneal biopsies should be performed (Koh 
et al. 2014; Colombo et al. 2013). Pelvic and 
para-aortic lymphadenectomy is mandatory 
(Colombo et al. 2013).

4.2  Adjuvant Treatment

Radiation therapy is usually used in the adjuvant 
setting, in the form of external beam radiation 
therapy (EBRT) and vaginal brachytherapy 
(VBT).

The purpose of adjuvant radiation therapy is to 
eliminate microscopic disease in the lymph nodes 
and in the central pelvic region, including the vagi-
nal cuff; thus reducing the risk of recurrence.

According to the 2014 guidelines of the 
American Society for Radiation Oncology 
(ASTRO), patients with endometrioid  carcinoma 

a b

c

Fig. 27 Stage IVB disease (a) axial T2-weighted image 
showing a pulmonary metastasis (arrow); (b) axial 
T2-weighted image showing an umbilical metastasis 

(Sister Mary Joseph node) (dashed arrow); (c) axial 
T2-weighted image showing hepatic metastasis (dotted 
arrows) and a left adrenal metastasis (asterisk)
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that do not require adjuvant radiotherapy (RT) 
are women with no residual disease in the hys-
terectomy specimen and patients with grade 1 or 
2 endometrial cancer with no myometrial inva-
sion or with <50 % of myometrial invasion, 
especially when no high risk features are pres-
ent (Klopp et al. 2014). Patients with grade 3 
endometrioid carcinoma without myometrial 
invasion and patients with grade 1 or 2 cancer 
with <50 % of myometrial invasion and higher 
risk factors, such as being age >60 years and/or 
lymphovascular space invasion, can be ade-
quately treated with or without VBT (Klopp 
et al. 2014).

These guidelines also identify the patients 
with endometrioid cancer for whom vaginal cuff 
brachytherapy is as effective as pelvic radiation 
therapy and consequently should be preferred. 
These patients are women with grade 1 or 2 can-
cers with ≥50 % of myometrial invasion and 
women with grade 3 tumors with <50 % of myo-
metrial invasion (Klopp et al. 2014).

In order to decrease pelvic recurrence, the fol-
lowing women with early phase endometrial can-
cer should receive adjuvant EBRT: patients with 
stage I, grade 3 cancer with ≥50 % of myometrial 
invasion or patients with cervical stromal inva-
sion; patients with stage I, grade 1 or 2 cancer, 
with ≥50 % of myometrial invasion and other 
risk factors such as being of age >60 years and/or 
lymphovascular space invasion (Klopp et al. 
2014).

If there is a negative prognostic factor, pelvic 
RT and/or chemotherapy should be performed for 
stage I and stage II disease (Colombo et al. 2013).

In patients with stage III and IVA disease, 
external EBRT and adjuvant chemotherapy are 
justifiable options. These patients can be con-
sidered for concurrent chemoradiation followed 
by adjuvant chemotherapy (Klopp et al. 2014).

If metastatic disease is present, chemother-
apy-radiotherapy can be performed for palliative 
treatment (Colombo et al. 2013).

Patients with serous carcinomas, clear-cell 
carcinomas, and carcinosarcomas should be 
considered for platinum-based adjuvant chemo-
therapy with or without radiation therapy (Koh 
et al. 2014).

4.3  Fertility-Sparing Treatment

Fertility-sparing treatment with progestin hor-
monal therapy may be considered for women 
who express the desire to preserve fertility and 
have atypical endometrial hyperplasia or grade 1 
endometrioid carcinoma without myometrial 
involvement in MR (Jafari Shobeiri et al. 2013; 
Kesterson and Fanning 2012; Colombo et al. 
2016). However, this is not the standard of care 
and the decision to proceed with conservative 
management is associated with several hazards. 
Risks include an inadequately staged and treated 
advanced endometrial cancer; the presence of a 
synchronous or meta-synchronous cancer; the 
presence of an inherited genetic predisposition; 
and the absence of standard medical management 
and surveillance (Kesterson and Fanning 2012).

5  Follow-Up and Recurrent 
Endometrial Carcinoma

The majority of recurrences will occur within the 
first 3 years (80 %) (Tirumani et al. 2013). 
However, only 15 % of patients will develop 
recurrent disease (Sala et al. 2013; Magrina et al. 
2011).

The recommended follow-up is a clinical and 
gynecological exam at 3–4 months intervals dur-
ing the first 2 years and then every 6 months until 
5 years (Colombo et al. 2013).

During follow-up, radiological exams should 
only be performed if clinically indicated 
(Colombo et al. 2013).

Most of endometrial cancer recurrences occur 
in the lymph nodes (46 %) and in the vaginal 
vault (42 %) (Sohaib et al. 2007). The perito-
neum and lungs are also reported sites of recur-
rence, although less frequent (Sohaib et al. 2007).

MR imaging is very useful in diagnosing vagi-
nal vault recurrences, which characteristically 
display the same signal characteristics as of those 
of the primary tumor (Tirumani et al. 2013). They 
tend to appear as a mass disrupting the low signal 
intensity of the vaginal vault (Sala et al. 2013). 
MR in these cases plays a role in defining surgi-
cal resectability of pelvic recurrences.
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PET-CT has shown high sensitivity (93 %), 
specificity (93 %), and accuracy (93 %) in detect-
ing recurrent disease (Kitajima et al. 2008). 
However, more prospective larger studies must 
determine its role for routine screening (Salani 
et al. 2011).

5.1  Treatment of Recurrence

Treatment of recurrence varies according to the 
site, to previous treatments, and to the initial 
stage of the disease.

Vaginal recurrence is the most common and 
the standard of treatment is EBRT plus VBP 
(Colombo et al. 2013).

Central pelvic recurrence is usually treated 
with surgery and radiation therapy, whereas 
regional pelvic recurrence is treated with 
 radiation therapy plus chemotherapy if possible 
(Colombo et al. 2013).

Recurrent serous and clear-cell carcinomas 
should be treated with the same chemotherapeu-
tic regimens of ovarian cancer (Colombo et al. 
2013).

6  Prognosis

As stated previously, endometrial carcinoma gen-
erally has a good outcome. Prognostic factors 
include histological subtype; histological grade; 
tumor stage; depth of invasion; and lymphovas-
cular space invasion (Colombo et al. 2013).

Reported 5-year survival rates for stage IA 
and IB are of 88 % and of 75 %, respectively. The 
prognosis of the different types of stage III sub-
stages differs significantly from one another, with 
estimated 5-year survival rates of 58 % for stage 
IIIC1 and of 47 % for stage IIIC2. Stage IV disease 
5-year survival is estimated at 15–17 % 
(American Cancer Society 2016).

The presence of lymph node metastasis, 
namely para-aortic, has shown to have a strong 
effect on prognosis (Todo et al. 2010). Tumor 
grade, lymphovascular space involvement, and 
the depth of myometrial invasion have been 

reported as high risk factors for the tumoral 
involvement of lymph nodes (Patel et al. 2010).

Invasion of the outer half of the myometrium 
is also strongly associated with a diminished 
5-year survival rate (Patel et al. 2010; Amant 
et al. 2005). Furthermore, it was demonstrated 
that patients with lymphovascular space involve-
ment had an overall 5-year survival rate of 64 %, 
and on the other hand women without lympho-
vascular space involvement had an overall 5-year 
survival rate of 88 % (Colombo et al. 2013).

 Conclusion

Magnetic resonance imaging is not considered 
in the International Federation of Gynaecology 
and Obstetrics staging system. However, it 
plays a relevant role in the preoperative staging 
of endometrial carcinomas, helping to define 
the best therapeutic approaches. Moreover, it is 
important in the diagnosis of treatment compli-
cations, in the surveillance of therapy response, 
and in the assessment of recurrent disease.

Functional MR techniques and specific 
MR sequence planes play an important role in 
preventing errors in endometrial cancer 
staging.

To help prevent diagnostic errors and in 
order to guide appropriate therapeutic man-
agement, radiologists should be aware of 
common magnetic resonance imaging endo-
metrial appearances for all stages and the fre-
quent mistakes in the assessment of 
endometrial cancer.
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Uterine Sarcomas

Rita Lucas and Teresa Margarida Cunha

1  Epidemiology

The term sarcoma comes from a Greek word 
meaning “fleshy growth”.

Gynaecological sarcomas are uncommon 
tumours with aggressive behaviour that 
account for approximately 1% of all female 
genital tract malignancies and 3–7% of  uterine 
cancers (D’Angelo and Prat 2010; Major et al. 
1993). Although rare, the most frequent of all 
gynaecological sarcomas is leiomyosarcoma.

The great majority of sarcomas arise in the 
uterus and are classified according to the histo-
logic tissue from which they are derived, either 
smooth muscle or endometrial stroma. Although 
uncommon, the histopathological diversity of 
gynaecological sarcomas have contributed to 
many inaccuracies and lack of consensus in 
nomenclature in the past.

Sarcomas can also develop at other sites in the 
female genital tract with different features, for 
example, ovarian fibrosarcoma, vulvovaginal 
leiomyosarcoma or rhabdomyosarcoma; how-
ever these tumours are extremely rare and are 
outside the scope of this chapter.

2  Pathology

The current World Health Organization (WHO) 
classification of tumours of the female reproduc-
tive organs (Kurman et al. 2014), recently revised 
and published in 2014, classifies mesenchymal 
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tumours of the uterine corpus into smooth muscle 
origin, endometrial stromal origin, mixed epithe-
lial-mesenchymal origin and miscellaneous 
tumours.

In comparison with the previous WHO 2003 
classification, the new classification reintroduces 
high-grade endometrial stromal sarcoma as a 
separate entity, supported by emerging recent 
molecular and morphological data, and replaces 
the designation “undifferentiated endometrial 
sarcoma” by undifferentiated uterine sarcoma to 
reflect the fact that an endometrial origin is not 
certain (McCluggage et al. 2014).

Uterine sarcomas more frequently exhibit 
early peritoneal and haematogenous spread with 
distant metastases, instead of starting to spread 
locally in the pelvis and to lymph nodes as carci-
nomas do (Seddon and Davda 2011).

2.1  Smooth Muscle Tumours

Smooth muscle tumours are composed of cells 
showing smooth muscle differentiation arising 
within the myometrium that can be either benign 
or malignant. Because they arise in the stroma, 
the classic histological criteria for invasion are 
not so easy to define as in epithelial tumours.

This designation comprises:

• Classic benign leiomyoma (i.e., the most fre-
quent uterine tumour)

• Smooth muscle tumour of uncertain malig-
nant potential (STUMP), also called atypical 
smooth muscle neoplasm, a lesion not fulfill-
ing entirely the criteria for a leiomyoma or 
leiomyosarcoma

• Leiomyosarcoma, a malignant tumour that occa-
sionally shows epithelioid or myxoid features

Leiomyosarcomas and leiomyomas are inde-
pendent entities with differing cytogenetic abnor-
malities that can however coexist (McCluggage 
et al. 2014; Bodner et al. 2003). Classical  teaching 
books state that malignant transformation should 
be suspected in rapid growth of a leiomyoma in a 
menopausal woman; however the most recent 
evidence supports that uterine sarcomas do not 

generally arise from pre-existing leiomyomas, 
with only very rare exceptions (about 0.2% of 
cases). By consensus from genetic studies, the 
current concept is that most sarcomas arise inde-
pendently (Hodge and Morton 2007; McCluggage 
2002a). Furthermore, rapid growth can also occur 
in premenopausal women in leiomyoma.

2.2  Endometrial Stromal Tumours

Endometrial stromal neoplasms are a subset of 
uterine mesenchymal neoplasms that account for 
less than 10% of all uterine sarcomas (Chan et al. 
2008). These rare uterine neoplasms mimic pro-
liferative endometrium; however, they have myo-
metrial and/or vascular invasion (Kurman et al. 
2014).

Recent molecular genetics and immunohisto-
chemistry advances have improved the under-
standing of these lesions and helped to redefine 
the WHO classification into more meaningful 
categories with distinct prognosis (Kurman et al. 
2014; Ali and Rouzbahman 2015; Conklin and 
Longacre 2014; Xue and Cheung 2011), namely

• Low-grade endometrial stromal sarcoma
• High-grade endometrial stromal sarcoma
• Undifferentiated uterine sarcoma

In tumours in which a focal smooth muscle 
differentiation coexists, the neoplasm is consid-
ered an endometrial stromal sarcoma if the 
smooth muscle component involves <30% of the 
total lesion  volume. Tumours composed of a 
larger smooth muscle component are designated 
as “mixed endometrial stromal and smooth mus-
cle neoplasms” or stromomyomas. However, 
there is still few data regarding these lesions 
(Kurman et al. 2014).

2.3  Mixed Epithelial 
and Mesenchymal Tumours

This category includes adenosarcoma, a rare 
tumour that accounts for 5–9% of uterine 
 sarcomas. In this lesion the epithelial component 
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is benign or atypical, and the stromal component 
is low-grade malignant (Tse et al. 2011). It is a 
difficult diagnosis to make requiring an experi-
enced gynaecological pathologist (Blom and 
Guerrieri 1999).

Even though adenosarcomas typically have a 
low malignant potential, there is however a 
 subgroup defined as having sarcomatous over-
growth, with pure sarcoma occupying at least 
25% of the tumour (McCluggage et al. 2014).

Carcinosarcoma, previously called malignant 
Müllerian tumour, has recently been reclassified 
as a dedifferentiated or metaplastic form of 
 endometrial carcinoma (type II cancer). In addi-
tion, the epidemiology, risk factors, and clinical 
behaviour associated with carcinosarcoma 
 suggest a closer relationship to endometrial car-
cinoma than to other sarcomas (McCluggage 
2002a, b).

2.4  Miscellaneous Mesenchymal 
Tumours

This group includes rhabdomyosarcoma, which 
is a notably rare tumour that shows skeletal mus-
cle differentiation, occurring both in the vagina 
and uterine corpus and cervix, typically arising in 
children and adolescents.

For this chapter only, malignant uterine sarco-
mas with mesenchymal and mixed epithelial-
mesenchymal origin will be considered as 
summarized in Table 1.

3  Clinical Background

The clinical presentation of uterine sarcomas is 
non-specific, with a peak incidence between 50 
and 65 years of age. Of note, low-grade endome-
trial stromal sarcomas occur mainly in premeno-
pausal women (D’Angelo and Prat 2010; Conklin 
and Longacre 2014).

Frequently there is history of a rapidly grow-
ing uterine mass, abnormal vaginal bleeding and 
pelvic or abdominal pain.

Less frequently, leiomyosarcoma can present 
hemoperitoneum (due to tumour rupture), or 
symptoms resulting from extrauterine extension 
or metastases (D’Angelo and Prat 2010).

The diagnosis of uterine sarcomas is fre-
quently unexpected, discovered incidentally on 
histopathology analysis following hysterectomy, 
often for benign diseases. Of those patients 
undergoing hysterectomy for a preoperative diag-
nosis of leiomyoma, 0.5% is subsequently diag-
nosed with leiomyosarcoma (Wu et al. 2011).

African-american women have an approxi-
mately twofold higher incidence of leiomyosarco-
mas (but not other types of uterine sarcoma) than 
caucasian women (Sherman and Devesa 2003).

Occasional cases are associated with long-term 
tamoxifen therapy, polycystic ovarian disease, pro-
longed estrogenic stimulation or pelvic irradiation. 
There are also some associated hereditary condi-
tions such as hereditary leiomyomatosis/renal cell 
carcinoma syndrome and survivors of childhood 
retinoblastoma (Toro et al. 2003; Yu et al. 2009).

Obesity, diabetes and younger age at  menarche 
have been associated with increased risk of endo-
metrial stromal sarcomas, although the molecular 
mechanisms involved are yet to be elucidated 
(Felix et al. 2013).

Compared with the more common endome-
trial carcinomas (epithelial neoplasms), uterine 
sarcomas behave aggressively and are associated 
with a poorer prognosis.

4  Staging

Staging is surgical, including total hysterectomy 
with bilateral salpingo-oophorectomy, and 
remains the most powerful prognostic factor for 

Table 1 Malignant uterine sarcomas

Mesenchymal origin
Mixed epithelial and 
mesenchymal origin

Smooth muscle origin Adenosarcoma

 Leiomyosarcoma

Endometrial stroma and 
related origin

  Low-grade endometrial 
stromal sarcoma

  High-grade endometrial 
stromal sarcoma

  Undifferentiated uterine 
sarcoma

Uterine Sarcomas
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uterine sarcomas. However in pretreatment 
 evaluation, staging largely depends on imaging 
as the clinical evaluation is very limited.

Due to their different biologic behaviour, in 
2009 FIGO introduced two new dedicated stag-
ing systems, specifically designed for uterine sar-
comas, in which the morphological tumour 
subtype determines which staging system is used: 
one staging system for leiomyosarcoma and 
endometrial stromal sarcoma and a different sys-
tem for adenosarcoma (Prat 2009a, b) (Table 2).

Adenosarcoma tends to arise at the endome-
trial or cervical surface, progressively invading 
the myometrium or cervical stroma in a similar 
way to endometrial carcinomas. The staging sys-
tem is comparable to endometrial carcinomas, 
whereas leiomyosarcoma and endometrial  stromal 

sarcoma that usually arise within the myometrium 
and have a different tumoural progression are 
staged in a different fashion.

5  Imaging

Imaging plays an important role in the evaluation 
of disease extent and treatment decision, even 
though the diagnosis relies on the histological 
examination. Endometrial sampling may yield 
the correct diagnosis but not in all patients: cases 
that arise within the endometrium may be indis-
tinguishable from endometrial carcinoma, 
whereas those that arise from the myometrium 
may be indistinguishable from degenerating leio-
myomas (Sala et al. 2013).

Table 2 2009 FIGO staging systems for uterine sarcomas

Uterine leiomyosarcoma and endometrial stromal sarcoma
Stage I Tumour limited to uterus

IA ≤5 cm

IB >5 cm

Stage II Tumour extends beyond the uterus, within the pelvis

IIA Adnexal involvement

IIB Involvement of other pelvic tissues

Stage III Tumour invades abdominal tissues (not just protruding into the abdomen)

IIIA One site

IIIB More than one site

IIIC Metastasis to pelvic and/or para-aortic lymph nodes

Stage IV

IVA Tumour invades bladder and/or rectum

IVB Distant metastasis

Uterine adenosarcoma
Stage I Tumour limited to uterus

IA Tumour limited to endometrium/endocervix with no myometrial invasion

IB Less than or equal to half myometrial invasion

IC More than half myometrial invasion

Stage II Tumour extends beyond the uterus, within the pelvis

IIA Adnexal involvement

IIB Involvement of other pelvic tissues

Stage III Tumour invades abdominal tissues (not just protruding into the abdomen)

IIIA One site

IIIB More than one site

IIIC Metastasis to pelvic and/or para-aortic lymph nodes

Stage IV

IVA Tumour invades bladder and/or rectum

IVB Distant metastasis
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Pre-surgical subtyping of uterine sarcomas is 
very important for therapeutic management. 
Even though the imaging findings of uterine sar-
comas have a considerable overlap, there are 
however some specific features that can narrow 
the differential diagnosis list.

Ultrasound is usually the first-line study to 
evaluate women for potential uterine pathology 
as it is a readily available, non-invasive and rela-
tively inexpensive technique. It gives an initial 
evaluation of the size and location of the lesion 
and may identify features suggestive of aggres-
siveness; however, the accuracy is very low.

Computed tomography (CT) is mainly used 
for staging in the assessment of extra-pelvic dis-
ease, distant metastases and follow-up.

The primary modality for imaging uterine sar-
comas is magnetic resonance imaging (MRI) due 
to the improved ability of this technique to delin-
eate local disease.

When evaluating a possible sarcomatous uter-
ine lesion with MRI, there are some specific key 
points that are important to evaluate as described 
in Table 3 (McCluggage et al. 2014).

5.1  Leiomyosarcoma

Leiomyosarcomas are rare typically large lesions 
(>10 cm) presenting as solitary masses with areas 

of haemorrhage and necrosis that may bulge into 
and distort the uterine cavity, but the epicentre is 
in the myometrium (Kurman et al. 2014).

Pelvic ultrasound is commonly the first-line 
study to evaluate women for potential uterine 
pathology. Some findings such as heterogeneous 
echo texture, central necrosis and colour Doppler 
findings of irregular vessel distribution might 
suggest the diagnosis of leiomyosarcoma; 
 however sonographic evaluation is highly unspe-
cific and hard to differentiate from leiomyomas 
(the most common myometrial tumour) (Amant 
et al. 2009).

Leiomyosarcomas commonly cause massive 
uterine enlargement, demonstrating heteroge-
neous low to intermediate signal intensity and 
scattered hyperintense foci on T1-weighted 
images (WI), whereas on T2-WI they are irregu-
lar and ill-defined lesions with intermediate to 
high signal intensity with cystic areas denoting 
necrosis (present in >50% of cases) (Santos and 
Cunha 2015). Detection of scattered foci of 
haemorrhages or necrosis may suggest the diag-
nosis; however signal intensity alone is not a reli-
able indicator of malignancy (Amant et al. 2009) 
(Fig. 1).

As stated before, leiomyosarcomas and leio-
myomas are independent entities with differing 
cytogenetic abnormalities that can however coex-
ist (Bodner et al. 2003; Hodge and Morton 2007; 

Table 3 Key points in the evaluation of sarcomatous uterine lesions

Tumour limits/interface Early-stage uterine leiomyosarcomas can be well-circumscribed, while more advanced 
lesions typically have an irregular contour. On the other hand, endometrial stromal 
sarcomas may exhibit a diffusely infiltrative pattern of myometrial invasion

Depth of myometrial 
invasion

Important in the substaging of stage I adenosarcomas: Stage IA tumours are limited to 
the endometrium, stage IB invades less than or half of myometrium thickness and stage 
IC equates to more than one half myometrial invasion. It is also considered a risk factor 
for recurrence
Since most other uterine sarcomas are predominantly myometrial-based lesions, 
myometrial invasion is not considered in the staging of these neoplasms

Cervical involvement It has an adverse influence on prognosis, for example, in the case of a leiomyosarcomas

Adnexal involvement Adnexal involvement affects the tumour stage (FIGO stage IIA) and may occur as  
result of direct extension or metastatic spread of tumour

Lymph nodes Pelvic or para-aortic lymph node involvement upstages uterine sarcomas to stage IIIC

Involvement of pelvic 
tissues

Other sites of pelvic tumour involvement should be documented since this equates to 
FIGO stage IIB

Involvement of omentum 
and other abdominal 
tissues

The number of affected locations in peritoneal tissue is important as FIGO stage IIIA 
equates to one site of abdominal involvement and IIIB to more than one site
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McCluggage 2002a). Benign leiomyomas 
develop primarily in women of reproductive age 
and typically stabilize or diminish in size follow-
ing menopause. In contrast, increasing age is a 
significant risk factor for uterine sarcomas, and 
new or a rapidly growing uterine mass warrants 
further evaluation in menopausal women.

There is however a considerable overlap in 
the MR appearance, signal intensity and 
enhancement characteristics of leiomyosarcoma 
and leiomyomas with atypical imaging features 
(Schwartz et al. 1998; Cornfield et al. 2010). As 
so the diagnosis of uterine sarcomas can be 
 incidental in histopathology analysis following 
hysterectomy (Sagae et al. 2004). It should also 

be highlighted that with the development of 
 laparoscopic surgery, morcellation of presumed 
leiomyomas has resulted in suboptimal treat-
ment in patients with previously undiagnosed 
uterine sarcomas and reinforcing the need of 
better preoperative tumour characterization 
(Sutton 2013).

It has been suggested that an irregular contour, 
high signal on T2-WI and hyperintense areas on 
T1-WI could favour leiomyosarcoma against 
leiomyoma, but the specificity of this finding has 
not been established (Cornfield et al. 2010; 
Murase et al. 1999; Tanaka et al. 2004). The 
absence of calcifications is also a consistent find-
ing in leiomyosarcomas (Schwartz et al. 1998).

a b

c d

Fig. 1 Leiomyosarcoma in a 56-year-old woman. 
Coronal (a) and sagittal (b) T2-WI show marked uterine 
enlargement due to a heterogeneous myometrial tumour 
that invades the pelvic wall on the left (arrow), with 

intense enhancement in solid areas showed here in axial 
(c) and coronal (d) gadolinium-enhanced T1-WI with fat 
suppression and extensive areas of tumoural necrosis
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The myxoid and epithelioid variants can have 
a more diverse appearance, and the establishment 
of the diagnosis is particularly difficult in these 
cases (Figs. 2 and 3).

Leiomyosarcomas demonstrate early hae-
matogenous spread to the lungs and liver (Sala et 
al. 2013). Involvement of pelvic lymph nodes is 
uncommon and usually associated with advanced 
intra-abdominal disease and decreased survival 
(Leitao et al. 2003; Kapp et al. 2008) (Fig. 4).

The major advantage of diffusion-weighted 
 imaging (DWI) sequences is the delineation of 
malignant lesions DWI seems to be a potentially use-
ful tool in soft tissue  characterization of large uterine 
lesions: the high nuclear-to-cytoplasm ratio in tumour 
cells limits intracellular motion of water molecules in 
uterine sarcomas and these lesions are depicted as 
hyperintense lesions on DWI and low signal on the 
corresponding apparent diffusion coefficient (ADC) 
maps.

a b c

d e

Fig. 2 Myxoid leiomyosarcoma in a 60-year-old, appear-
ing to grow from a solid anterior myometrial nodule 
(asterisk on sagittal – a and axial T2-WI – b) and 
 communicating with an exuberant multiloculated cystic 

component, with multiple fluid levels (c). On axial T1-WI 
with fat saturation and contrast administration (d and e), 
some levels have high signal (arrow) related to haemor-
rhagic content

a b c

Fig. 3 Epithelioid leiomyosarcoma in a 43-year-old 
woman. This subserosal tumour arises from the right pos-
terior uterine wall. On sagittal T2-WI (a and b) the flow 

voids of the connecting vessels are easily seen (arrows). 
On axial T2-WI (c) this lesion is seen on the right of the 
uterine cervix. The endometrial cavity is indistinct
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Leiomyosarcomas display restriction in DWI 
studies.

DWI proved to reduce misdiagnoses of uterine 
sarcoma as benign leiomyoma with high accu-
racy (Thomassin-Naggara et al. 2013). DWI 
combined with T2-WI is even better than DWI 
alone in the differentiation of uterine sarcomas 
from benign leiomyomas (Namimoto et al. 2009). 
It is however important to recall, as a potential 
pitfall, that non-malignant lesions with high cel-
lular density, such as high celular leiomyomas, 
may have restricted diffusion.

Positron emission tomography (PET) com-
bined with CT adds metabolic information to 
morphologic data; However the main role of 
PET-CT is confined to post-therapy surveillance 
in order to detect distant metastasis or local recur-
rence, it appears to exist a significant variability 
in fluorodeoxyglucose (FDG) mean standard 
uptake values (SUVs) between benign and malig-
nant neoplasms (Tirumani et al. 2013; Kao et al. 
2011).

5.2  Endometrial Stromal 
Sarcomas

The ultrasonographic evaluation of these lesions is 
highly unspecific. They appear as heterogeneous 
hypoechoic endometrial masses with irregular 
endometrial-myometrial interface, sometimes 
with fingerlike invasive myometrial projections  
and low-resistance intralesional arteries on 
Doppler (Amant et al. 2009; Gandolfo et al. 2000).

T2-WI are the most helpful MR sequences in 
detecting the endometrial nature of the tumours 
and its relationships with surrounding myome-
trium (Gandolfo et al. 2000).

Another feature that may suggest endometrial 
stromal sarcoma, observed in about one third of 
the cases, is the continuous extension of the 
lesion into adjacent structures most commonly 
the ovary, but also the fallopian tubes, the sur-
rounding ligaments and vessels (Koyama et al. 
1999). Digitiform tumour extension is best delin-
eated on DWI (Tamai et al. 2008), differing from 

a b c

d e f

Fig. 4 Leiomyosarcoma in a 55-year-old woman. Coronal 
T2-WI of the pelvis (a) shows marked uterine enlargement 
due to a heterogeneous myometrial tumour with areas of 
high signal. Axial T2-WI, at the level of the pulmonary 
bases (b and c), reveals pulmonary metastases and 
 posterior mediastinum enlarged lymph nodes (c). In axial 

gadolinium-enhanced T1-WI with fat suppression (d), the 
tumour demonstrates early intense peripheral enhance-
ment with irregular central zones of low signal intensity 
denoting extensive necrosis. Endometrial cavity is difficult 
to depict. DWI-MR (e) and ADC map (f) show restricted 
diffusion in the solid areas of the lesion
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intravenous leiomyomatosis due to tumoural 
high signal (Riopel et al. 2005).

Lymph node metastases occur in up to 30% of 
patients, and besides pelvic chain, spread to para-
aortic nodes has also been reported (Fekete and 
Vellios 1984).

5.2.1  Low-Grade Endometrial 
Stromal Sarcoma

These tumours occur in a younger age group 
compared to high-grade lesions, usually involve 
the endometrium forming a polyp of homoge-
neous high signal intensity on T2-WI, which may 
be infarcted or haemorrhagic (Fig. 5).

There is myometrial invasion and an infiltra-
tive growth pattern that may form deceptively 
well-demarcated nodules in the myometrium or 
may cause myometrial diffuse thickening without 
evidence of a well-defined tumour (Tamai et al. 
2008). In some cases this diffuse thickening can 
be been misinterpreted as adenomyosis and, if 
more localized, can present as a myometrial mass 
mimicking a degenerated cystic leiomyoma, how-
ever without the typical well-defined border. In 
the presence of a large myometrial lesion, it is 
extremely important to evaluate the adjacent 
endometrial thickness, endometrial-myometrial 
border and lesion margin (Koyama et al. 1999).

On MRI, these lesions have heterogeneous 
signal intensity on both T1- and T2-WI (Gandolfo 

et al. 2000; Koyama et al. 1999), and the most 
important imaging feature is the presence of 
bands of low signal intensity on T2-WI invading 
the myometrium, representing preserved muscu-
lar bundles.

Tumour enhancement is commonly heteroge-
neous and iso- or hyperintense when compared 
with normal myometrium (in contrast to endome-
trial carcinoma, which enhances less than normal 
myometrium) (Sala et al. 2013). Sometimes signal 
voids can be observed reflecting the hypervascular 
nature of these tumours (Koyama et al. 1999).

Although low-grade endometrial stromal sar-
comas have an indolent clinical course there is a 
significant tendency for recurrence (Fig. 6).

5.2.2  High-Grade Endometrial 
Stromal Sarcoma

Recently a subset of endometrial stromal sarco-
mas has been discovered with a unique gene rear-
rangement, distinct morphologic features and an 
intermediate prognosis between low-grade and 
undifferentiated stromal sarcomas, supporting 
the need to consider these tumours a separated 
category (Lee et al. 2012).

On MRI, the T2-WI hypointense preserved 
bundles of myometrial fibres are much thinner, 
scattered and harder to depict compared to low-
grade lesions, due to a more aggressive growth 
(Koyama et al. 1999) (Fig. 7).

a b c

Fig. 5 Low-grade endometrial stromal sarcoma in a 
62-year-old woman with postmenopausal bleeding. 
Sagittal (a) and axial (b) T2-WI of the pelvis demonstrate 
a high signal endometrial polypoid lesion, with ill-defined 
endometrial/myometrial border and without evidence of a 

well-defined myometrial mass. DWI-MRI (c) allowed 
better identification of the lesion and revealed bands of 
low signal intensity (arrow) representing preserved bun-
dles of the myometrium. Histopathology revealed internal 
myometrial invasion
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a b

c d

Fig. 6 Low-grade endometrial stromal sarcoma recur-
rence in a 70-year-old woman 2 years after surgery. Axial 
(a) and sagittal (b) T2-WI images demonstrate a large het-
erogeneous cystic and solid mass in the vaginal cuff. On 

axial T1-WI (c) the lesion in hypointense, with faint 
enhancement after contrast on T1-WI fat supressed acqui-
sition (d).

a b c

d e f

Fig. 7 High-grade endometrial stromal sarcoma in a 
75-year-old woman. Coronal (a) and sagittal T2-WI (b) 
revealed a heterogeneous mass with necrotic areas (aster-
isk) extending to the cervix, with heterogeneous enhance-
ment after gadolinium administration (c), high-signal foci 

on T1-WI (d) (arrow) denoting haemorrhage, and marked 
restriction on DWI (e) and ADC map (f). The gross exam-
ination of the specimen revealed a heterogeneous endo-
metrial mass invading the myometrium and reaching the 
cervix denoting aggressive growth
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The tumoural extension to adjacent organs, 
supporting structures and vascular elements is 
also characteristic (Fig. 8).

5.2.3  Undifferentiated Uterine 
Sarcoma

This is a tumour arising in the endometrium or 
the myometrium, lacking any resemblance to 
proliferative-phase endometrial stroma.

There are few studies describing the charac-
teristic appearance of undifferentiated uterine 
sarcoma, suggesting that they appear similarly to 
high-grade endometrial stromal sarcomas and as 
so presenting as polypoid masses that frequently 
fill the endometrial cavity, with irregular mar-
gins, multiple marginal tumour nodules,  extensive 
areas of haemorrhage, necrosis and myometrial 
invasion (Tirumani et al. 2013) (Fig. 9).

These tumours are typically characterized by 
a haphazard arrangement of variably sized blood 
vessels, as so manifesting as enhancing masses 
that can have marked vascular and lymphatic 
invasion (Amant et al. 2009; Santos and Cunha 
2015) (Fig. 10).

Also metastatic extrauterine disease is more fre-
quent than in the previously described types of 
endometrial stromal sarcoma (Tanner et al. 2012).

5.3  Adenosarcoma

The majority of adenosarcomas are present in the 
endometrium, but they may also arise from the 
myometrium, cervix or extrauterine Müllerian 
tissues (Huang et al. 2014).

Sonographic features of adenosarcoma may 
include expansion of endometrial cavity associ-
ated with a thickened heterogeneous and cystic 
complex mass. These features can mimic gesta-
tional trophoblastic disease (Santos and Cunha 
2015; Chourmouzi et al. 2003).

These neoplasms present as polypoid solid, 
well-circumscribed multiseptated cystic mass 
with heterogeneous solid components. They 
usually arise from the fundus, sometimes pro-
trude through the cervical os, and typically 
cause marked enlargement of the uterus with a 
thin myometrium (Amant et al. 2009; Santos 
and Cunha 2015; Chourmouzi et al. 2003) (Fig. 
11). On MR the cysts have hight signal on 
T2-WI, representing glandular epithelial com-
ponents or necrosis, solid component shows 
T2-WI hypointensity, resulting in a  latticework 
appearance due to the intervening septa that 
enhance after contrast (Chourmouzi et al. 2003; 
Szklaruk et al. 2003) (Fig. 12).

a b

Fig. 8 High-grade endometrial stromal sarcoma in a 
64-year-old woman. Axial (a) and sagittal (b) T2-WI 
show a heterogeneous multinodular tumour with exten-

sive myometrial invasion and high-signal tumoural exten-
sion along pelvic vessels (black arrow)
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a b c

d e f

Fig. 9 Undifferentiated uterine sarcoma in a 56-year-old 
woman. Axial (a), coronal (b) and sagittal (c) T2-WI show 
marked uterine enlargement due to a large subserosal het-
erogeneous tumour, with lobulated contours, showing 

extensive cystic and necrotic areas (arrows). On 
T1-weighted image (d) haemorrhage can be appreciated 
(arrow-head). The tumour shows marked restriction on 
DWI (e) and on the ADC map (f)

a b c

d e
f

Fig. 10 Undifferentiated uterine sarcoma in a 72-year-
old woman. Sagittal (a), coronal (b) and axial and (c) 
T2-WI show a polypoid mass with heterogeneous high 
signal intensity within the endometrial cavity, protruding 

through the cervical os into the vagina. On T1-WI FS after 
gadolinium administration, in the same three planes (d–f) 
the lesion enhances heterogeneously compared to the 
peripheral myometrium
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a b

Fig. 11 Adenosarcoma in a 48-year-old woman present-
ing with pelvic mass and vaginal discharge. Sagittal (a) 
and axial (b) T2-WI demonstrate a large, heterogeneous, 

high-signal intensity mass centred in the endometrial cav-
ity, protruding trough the cervical canal and prolapsing

a b c

d e f

Fig. 12 Adenosarcoma in a 77-year-old woman present-
ing with post-menopausal bleeding. Sagittal (a), axial (b) 
and axial of the uterine body (c) T2-WI of the pelvis dem-
onstrate a huge endometrial mass with cystic spaces and 
heterogeneous solid components. The uterine contour is 

preserved. Axial DWI-MR (d) reveals high signal inten-
sity and low signal on the ADC map (e). T1-WI fat sup-
pressed after administration of contrast (f) shows early 
enhancement of the septa and solid areas. No myometrial 
invasion was present on pathology
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The cases of adenosarcoma with sarcomatous 
overgrowth are described in the literature as large 
pelvic masses with heterogeneous signal inten-
sity, cystic areas and transperitoneal extension 
with contiguous intravascular growth (Kim et al. 
2011).

6  Prognosis and Treatment

Overall 5-year survival for uterine sarcomas 
ranges between around 18–55%, considerably 
lower than for endometrial carcinomas 
(Koivisto-Korander et al. 2008). Prognostic fac-
tors include age, clinical stage, tumour size, 
tumour circumscription, mitotic index and lym-
phovascular invasion (D’Angelo and Prat 2010; 
Abeler et al. 2009).

Leiomyosarcomas and undifferentiated uter-
ine sarcomas are highly aggressive neoplasms 
with a marked propensity for extrauterine spread 
and systemic metastasis; and nodal metastasis is 
not so common (McCluggage et al. 2014; Kapp 
et al. 2008).

In undifferentiated uterine sarcomas, a signifi-
cant proportion of patients (>60%) has advanced-
stage disease at the time of diagnosis, with 
extrauterine spread of tumour to the upper abdo-
men, pelvic lymph nodes or even more distant 
sites such as the lungs (Leath et al. 2007).

On the other hand, low-grade endometrial 
stromal sarcomas have an indolent clinical course 
with good long-term survival, despite the ten-
dency for late recurrence. Stage is the most 
important prognostic factor, with FIGO stage I 
and II tumours having an excellent 5-year sur-
vival rate.

Adenosarcomas are mixed tumours of low 
malignant potential containing a benign epithe-
lial and a malignant stromal component, usually 
of low grade. They usually have a favourable 
prognosis with a 5-year survival rate above 80% 
unless associated with sarcomatous overgrowth 
or deep myometrial invasion (McCluggage et al. 
2014; Abeler et al. 2009).

The current standard of care for uterine sar-
comas remains surgery: total abdominal hyster-
ectomy with bilateral salpingo-oophorectomy. 

In younger patients preservation of the ovaries 
can be considered in early-stage disease.

For patients with evidence of extrauterine dis-
ease, surgical staging and cytoreduction are per-
formed only if intra-abdominal metastases are 
resectable and there is no extra-abdominal 
 disease. If patients are not surgical candidates, 
medical treatment should be offered. Whether 
systematic lymphadenectomy is needed is still 
controversial (Prat and Mbatani 2015).

Adjuvant chemotheraphy is decided in a case-
to-case base and not consensually indicated. 
Radiotherapy is also not routinely performed as it 
does not appear to provide a benefit in survival, 
but it may reduce local recurrence in high-risk 
women (Seddon and Davda 2011).

Recurrence can be treated either by surgical 
resection or by systemic chemotherapy, with hor-
monotherapy in particular cases, when hormonal 
receptors are present (Amant et al. 2009).
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Abstract

Identification of the normal ovaries is one of 
the cornerstones of assessing pelvic masses 
by imaging. Due to its excellent soft tissue 
contrast MRI allows visualization of the ova-
ries in typical and atypical position. Using 
anatomical landmarks, particularly the ovar-
ian vascular pedicles and attaching ligaments 
even in CT both pre and postmenopausal ova-
ries can usually be identified.  Folliclular deri-
vates, including follicular and corpus luteum 
cysts are the most common incidental finding. 
Size criteria have recently been published that 
guide management of ovarian cysts. 

This chapter covers the normal ovaries and 
fallopian tubes and their vascular and liga-
mentous attachments. Although malforma-
tions are much rarer than uterine anomalies, 
their knowledge is pivotal in the work-up of 
infertility and variations may also be a source 
of misinterpretations. This is also true for 
ovaries that had undergone ovarian transposi-
tion before pelvic radiotherapy.
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Ovaries and Fallopian Tubes: 
Normal Findings and Anomalies
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1  Ovaries and Fallopian Tubes: 
Normal Findings

1.1  Anatomical Relationships

The female adnexal structures are located in the 
lesser pelvis and include the fallopian tubes, the ova-
ries, and ligamentous attachments. The fallopian 
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tubes are 8–12 cm long paired tubular structures 
at the superior aspect of the broad ligament 
(Ghattamaneni et al. 2009). They connect the 
uterus to the ovaries and are divided into four 
anatomical segments: intramural portion, isth-
mus, ampulla, and infundibulum with the abdom-
inal ostium. The latter is trumpet shaped, opens at 
the ovarian end into the peritoneal cavity, and is 
composed of irregular fingerlike extensions, the 
fimbriae, which overhang the ovary (Stevens 
1992). The infundibulum narrows gradually from 
about 15 mm to about 4 mm in diameter and 
merges medially with the serpiginous ampullary 
portion of the tube, which comprises more than 
half of the length of the fallopian tube. Due to its 
circumferential muscular thickening, the isthmus 
presents the narrowest part of the fallopian tube. 
Within the uterus, the 1–2 cm long intramural 
segment joins the uterotubal junction. At its 
extrauterine course, the fallopian tubes are 

attached to the upper edge of the broad ligament 
via its mesentery (Ghattamaneni et al. 2009).

The ovaries are typically located in the ovar-
ian fossa close to the lateral pelvic sidewalls 
(Fig. 1). In most women, the ovaries can be iden-
tified laterally and superiorly of the uterine cor-
nua near the bifurcation of the common iliac 
artery between internal and external iliac arteries 
(Outwater et al. 1996). Alternatively, the “ovarian 
axis” defined by sections parallel to the uterine 
long axis allows visualization of the ovaries and 
their relationship to the uterus (Fig. 1) (Spencer 
et al. 2010). Occasionally, the ovaries may be 
found at atypical sites, e.g., adjacent to the uter-
ine corpus, superior (Fig. 2) and posterior to the 
uterine fundus, or in the posterior cul-de sac. Due 
to its anchoring to the posterior border of the 
broad ligament, the ovary is typically located in 
the posterior pelvic compartment and above the 
uterine fundus, but not in the anterior cul-de-sac 

a b

Fig. 1 Uterine axis and ovarian fossa. Sagittal T2WI 
demonstrates the ovarian axis parallel to the long axis of 
the uterus (a). In this plane (b), the ovaries are visualized 
adjacent to the uterus (U) in the ovarian fossa, which is a 
shallow peritoneal groove between external and internal 

iliac vessels. The ovaries can be easily identified on T2WI 
due to small cystic structures, the follicles. These are 
located peripherally to the ovarian stroma that displays 
intermediate SI on T2WI (arrowhead). Adjacent to the 
ovaries paraovarian cysts (*) are demonstrated
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(Saksouk and Johnson 2004). When the uterus, 
however, is retroverted one or both ovaries may 
be found anterior or posterior to the uterus. 
Furthermore, pregnancy, diseases associated with 
uterine enlargement such as fibroids, or pelvic 
masses can displace the ovaries outside the lesser 
pelvis (Saksouk and Johnson 2004).

1.2  Normal Ovaries 
in the Reproductive Age

Adult ovaries measure approximately 3–5 cm in 
length, 1.5–3 cm in width, and 0.5–1.5 cm in thick-
ness. Their appearance and size, however, varies 
considerably, depending on age, hormonal status, 
menstrual cycle, and the contents of follicular deri-
vates (Clement 2002). Normal ovarian volume in 
reproductive age ranges from 4 to 16 cm3 (Langer 
et al. 2012). In a larger series, mean ovarian vol-
umes obtained by sonography were highest in the 
age group younger than 30 years with 6.6 cm3 
(Pavlik et al. 2000). Increased ovarian volumes are 
also noted in pregnancy (Cohen et al. 1990). The 
ovaries are of ovoid, almond shape with a smooth 

surface in early reproductive age, that becomes 
more irregular afterwards. The ovary is encapsu-
lated by a thin fibrous layer, the tunica albuginea. 
Within the capsule lies the ovarian stroma, which 
consists of fibroblasts, smooth muscle cells, arter-
ies, veins, lymphatics, nerves, and follicles. 
Histologically, the ovaries contain three ill-defined 
zones: the outer cortex, the highly  vascular inner 
medulla, and the hilum (Clement 2002). The cortex 
is predominantly composed of follicles, corpora 
lutea, fibroblasts, and smooth muscle cells.

In childbearing age during each menstrual 
cycle, a number of follicles are stimulated to 
begin to mature, but usually only a single follicle 
completes the process. At midcycle, the preovu-
latory dominant follicle can be identified as a 
thin-walled cyst attaining a size of approximately 
15–25 mm (Outwater and Mitchell 1996). After 
formation of the corpus luteum the wall may 
involute and become irregular. Corpus lutea may 
be cystic or involuted and noncystic (Outwater 
et al. 1996). Furthermore, abundant vasculariza-
tion may give rise to hemorrhage (Fig. 3) 
(Clement 2002).

The normal fallopian tube contains a small 
amount of intraluminal fluid that is dispersed 
within multiple infoldings of the fallopian tube 
mucosa (Outwater et al. 1996). These infoldings 
usually prevent visualization of the normal tubes as 
fluid-filled structures by MRI or CT. Furthermore, 
due to its small caliber they are difficult to differen-
tiate from adjacent ligaments and vessels on cross-
sectional imaging, unless outlined with ascites, 
where the normal fallopian tubes appear as thin 
serpentine structures adjacent to the uterus, often 
extending either anteriorly or posteriorly in the cul-
de sac (Rezvani and Shaabab 2011). In tubal liga-
tion, clips allow identification of the fallopian tube 
(Fig. 4).

Imaging findings
Ovaries can be identified in CT and MRI due to 
their juxtauterine position. The landmarks of the 
ovaries are the follicles which are best appreci-
ated on T2W MRI (Outwater and Mitchell 1996) 
(Figs. 1 and 5). In CT, positive bowel contrast 

Fig. 2 Ovarian location in a woman of childbearing age. 
Coronal T2WI shows the left ovary in high position 
(arrowhead), whereas the right ovary (arrow) is normally 
located adjacent and lateral to the uterus. B bladder
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opacification facilitates visualization of normal 
ovaries (Fig. 6). They present as ovoid soft tissue 
structures with cystic areas which represent nor-
mal follicles. Presence of a dominant follicle 

ranging more than 1 cm in size assists in ovarian 
identification. Another physiologic finding, the 
corpus luteum can be distinguished from follicles 
by its thickened wall (Fig. 6). It may also be iden-
tified by high attenuation values or a fluid-fluid 
level in CT (Outwater and Mitchell 1996).

In MRI in the majority of premenopausal 
women (95%), ovaries can be identified by the 
presence of follicles within the ovary (Outwater 
et al. 1996). The ovaries are of low to intermediate 
SI on T1 (Fig. 5). In premenopausal women, most 
ovaries (70%) display a zonal differentiation with 
a higher signal intensity of the medulla compared 
to the low-signal-intensity cortex on T2WI 
(Fig. 1) (Outwater and Mitchell 1996). As the 
ovarian stroma remains of relatively low signal 
intensity, follicular structures can be well discrim-
inated on T2WI. Follicles are of very high signal 
intensity with a discrete thin-walled low-signal-
intensity rim and are predominantly located in the 
cortex and range between 0.2 and 4.7 cm in size 

Fig. 4 Tubal ligation. The left fallopian tube is located at 
the superior margin of the broad ligament and can be iden-
tified by the clip in CT (arrow). Dilated tortuous vascular 
structures along the parametria and the right pelvic side-
wall present pelvic varices

a b

Fig. 3 Hemorrhagic cyst in a 24-year-old femaleT2 WI 
(a, b) obtained within interval of 1 week. The ovary dem-
onstrates multiple small follicles (arrow) and a mature 

follicle (*) in (a). The follow-up (b) shows its enlarge-
ment in size and low SI at the bottom presenting 
hemorrhage
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(Outwater and Mitchell 1996). In fertile age, a 
unilocular cystic lesion up to 3 cm in either ovary 
or other smaller cysts is a normal finding and 
presents follicular elements. According to recent 
management recommendations for US and CT, in 
a premenopausal woman a unilocular thin-walled 
cyst with watery contents up to 3 cm is a normal 
finding and such cysts ranging from 3 to 5 cm in 
size should be mentioned in the report, but do not 
require further follow-up (Levine et al. 2010; 
Spencer and Gore 2011). Alternatively a 6-month 
follow-up for simple cysts >3 cm and ≤5 cm may 
be considered (Kim et al. 2016).

Following intravenous contrast application, 
corpus luteum demonstrates avid enhancement 
and a thicker enhancing wall than follicles 

(Figs. 5 and 6). Corpus luteum may contain 
blood with bright signal on T1 and T2 as a sign 
of subacute hemorrhage (Outwater and Mitchell 
1996). Resolution is expected in a follow-up 
after two to three menstrual cycles and thus 
enables the differentiation from an endometri-
oma. Imaging features on DWI depend on the 
menstrual cycle. On DWI, normal ovaries dis-
play high SI throughout the cycle, that is most 
prominent in the luteal phase. However, no sig-
nificant cyclic change of ADC values has been 
reported (Morisawa et al. 2012).

In premenopausal age, physiological 18FDG 
PET uptake is noted in the ovaries, particularly 
in the corpus luteum (Well et al. 2007). Thus, 
caution is warranted due to overlap of SUV in 

a

c d

b

Fig. 5 Normal right ovary in a premenopausal woman. 
Transaxial T1WI (a), T2WI (b), Gd T1FS (c), and DWI 
(b = 800 s/mm2 and ADC) (d). The right ovary contains 
multiple small follicles which show intermediate signal 
on T1WI (a) and very bright signal on the T2WI (b). At its 

posterior aspect a corpus luteum (arrow) is seen with 
intermediate SI on T1WI (a) and low SI on T2WI (b) cor-
responding with hemorrhage. It displays an irregular 
enhancing wall (c) and areas of restricted diffusion (d). 
Physiologic free fluid is seen in the cul-de sac
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functional and malignant ovarian lesions in this 
age group (Lerman et al. 2004). Timing of PET/
CTs within a week before or shortly after the 
menses, when corpus luteum typically is not 
present will reduce the risk of misinterpretations 
(Lerman et al. 2004).

1.3  Normal Peri- and 
Postmenopausal Ovaries

After menopause, which is associated with an 
average age of 51 years in normal women, the 
ovaries typically shrink to a size of half of the 
reproductive age (Welt 2016). Ovarian volumes 
range from 1.6 to 4.6 cm3 with a reported mean 
ovarian volume of 2.6 cm3 in early menopause 
(Langer et al. 2012; Pavlik et al. 2000).

Most ovaries display a shrunken gyriform 
shape; some may also have a smooth contour. The 
ovarian stroma increases variably in volume, and 
unresolved corpora lutea may be found (Clement 
2002). Follicles may persist for several years after 
cessation of menses. They may account for spo-
radic ovulation and follicle cyst formation. 
Follicular activity is typically not found after 
4–5 years after menopause (Outwater and 

Mitchell 1996). Mild hyperplasia of the medul-
lary and cortical stroma is commonly found in 
postmenopausal women. The clinical findings are 
secondary to excess androgen production of the 
stroma, and these findings can be associated with 
diabetes, obesity, and hypertension (Cohen et al. 
1990). Other factors that may increase the ovarian 
size in postmenopausal women include multipar-
ity or hormonal replacement therapy (Clement 
2002). Ovaries may also display stromal atrophy 
and become extremely fibrotic (Clement 2002). 
Multiple small (1–3 mm) cysts, probably present-
ing secondary follicles as well as surface epithe-
lium inclusion cysts, are a common finding in 
postmenopausal ovaries (Welt 2016). With 
increasing age, ovarian vessels within the stroma 
may calcify or become hyalinous (Clement 2002).

Imaging findings
In CT, postmenopausal ovaries are more diffi-
cult to identify than premenopausal ovaries, 
and are best differentiated from bowel loops if 
bowel opacification was performed (Fig. 7) 
(Lee et al. 2003). Tracking down the ovarian 
ovarian vessels along the psoas muscle usually 
allows identification even of small ovaries (Lee 
et al. 2003). Postmenopausal ovaries appear in 

a b

Fig. 6 Functional ovarian cyst on CT. The ovaries contain 
small cystic elements, the follicles. The corpus luteum 
(arrowhead) can be differentiated by its mural enhance-
ment. Ovarian vessels are entering the left ovary via the 

suspensory ovarian ligament (arrow). The thin-walled 
cyst (*) of 6 cm in size presents a functional cyst or a cyst-
adenoma. Regression within a 3-month follow-up proofs 
the diagnosis of a functional cyst
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CT as triangular or bandlike soft tissue struc-
tures that show low or moderate contrast 
enhancement (Figs. 7 and 8). Punctate dystro-
phic calcifications or identification of small 
cysts, typically presenting inclusion cysts, or 
follicles at early menopause aids in the detec-
tion of the ovaries.

In MRI, postmenopausal ovaries can be visu-
alized as oval structures most commonly of uni-
formly intermediate to low signal intensity on T1 

and T2WI (Fig. 8) (Outwater and Mitchell 1996). 
They can be identified in most postmenopausal 
women despite their small size and nonspecific 
characteristics by their location in relationship to 
the uterus and ovarian vessels. Due to the supe-
rior soft tissue contrast, small ovarian cysts are 
more commonly identified in MRI than in CT in 
postmenopausal women (Fig. 8). As these pres-
ent common findings, ovarian cysts of ≤1 cm in 
size are now considered as normal finding and do 
not require a follow-up (Levine et al. 2010). 
Neither diffusion restriction is found in MRI nor 
FDG/PET uptake in postmenopausal ovaries 
(Lerman et al. 2004).

1.4  Pelvic Fluid

Small amounts of pelvic fluid are best identified in 
the cul-de-sac or with increasing volume as tiny 
fluid pockets outlining bowel loops  throughout the 
pelvis (Welt 2016; Lee et al. 2003). Pelvic free 
fluid is a common finding throughout the men-
strual cycle and peaks in the secretory phase 
(Davis and Gosink 1986). Although some fluid 
may be related to ovarian cyst rupture, it seems 
that most of the fluid is not related to cyst rupture. 
Pelvic free fluid is a common sequelae after pelvic 

Fig. 7 Postmenopausal ovaries in CT. The ovaries 
(arrows) appear as bandlike soft tissue structures and are 
located between the iliac vessels and the bowel loops. 
Without bowel opacification, identification of normal 
postmenopausal ovaries is usually not possible. Uterus 
(U) with a calcified fibroid of the fundus

a b

Fig. 8 Normal postmenopausal ovaries in MRI and in CT 
in a 74-year-old female. Transaxial T2 WI (a) and corre-
sponding CT (b) show normal small ovaries (arrowheads) 
that are located adjacent to the external iliac vessels and 

display tiny calcifications. Small cystic structures (arrows) 
are seen on MRI, likely presenting inclusion cysts are a 
normal finding (a)
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radiotherapy (Addley et al. 2010). In postmeno-
pausal age, presence of pelvic free fluid is uncom-
mon and further assessment is warranted. In 
premenopausal age, only larger amounts of pelvic 
fluid should alert to scrutinize the peritoneum for 
signs of peritoneal spread (Diop et al. 2014). 
Normal peritoneum does not enhance after the 
application of iv contrast media and shows no 
restricted diffusion on DWI. Diffuse enhancement, 
however, is not specific and is found in benign, 
mostly inflammatory and in malignant diseases 
(Diop et al. 2014).

1.5  Ovarian Attachments 
and Vascular Supply

The broad ligament is formed by two layers of 
peritoneum which drape over the uterus and 
extend laterally to the pelvic sidewalls (Foshager 
and Walsh 1994). Its caudal margin is defined by 
the cardinal ligament. The superior free margin is 
formed by the fallopian tube medially and the sus-
pensory ligament of the ovary laterally. Between 
these peritoneal folds lies the parametrium which 
contains the fallopian tube, round ligament, ovar-
ian ligament, uterine and ovarian blood vessels, 
nerves, lymphatics, mesonephric remnants, and 
the parts of the ureter (Foshager and Walsh 1994).

Each ovary is suspended in the peritoneal cav-
ity by three supporting structures: the mesovar-
ium which anchors the ovary to the posterior 
aspect of the broad ligament; the ovarian liga-
ment which attaches the ovary to the uterine 
cornu; and the suspensory ligament or infundibu-
lopelvic which anchors the ovary to the pelvic 
sidewall (Clement 2002).

The ovarian ligament and the suspensory liga-
ment are not tight supporting structures but more 
comparable to a mesentery (Saksouk and Johnson 
2004). The ovarian blood vessels and lymphatics 
course within the peritoneal folds of the mesovar-
ium and enter and exit the ovary through the ovarian 
hilum. Anastomosing branches of the ovarian and 
uterine vessels in close relationship with lymphatics 
are located within the mesovarium (Clement 2002).

The suspensory ligament of the ovary is 
located at the superior lateral aspect of the broad 

ligament (Clement 2002). It extends from the 
ovary anterolaterally over the external and com-
mon iliac vessels and blends with connective tis-
sue over the psoas muscle (Foshager and Walsh 
1994). Ovarian blood vessels and lymphatics tra-
verse the suspensory ligament to reach the ovar-
ian hilum along the mesovarium.

The ovarian ligament is a rounded fibromuscu-
lar band extending from the ovary to the uterine 
cornu (Clement 2002). Its position varies with 
that of the ovary. It is located immediately poste-
rior and inferior to the fallopian tube and round 
ligament (Foshager and Walsh 1994). The ovarian 
branches of the uterine artery pass through the 
ovarian ligament and anastomose with branches 
of ovarian artery in the mesovarium.

The ovarian artery originates from the lumbar 
aorta near the renal hilum. It is accompanied 
along its retroperitoneal course by the ovarian 
vein and the ureter on the anterior surface of the 
psoas muscle. It then crosses the ureter and com-
mon iliac vessels near the pelvic brim to enter the 
suspensory ligament of the ovary. The ovarian 
artery courses inferiorly and medially between 
the two layers of the broad ligament near the 
mesovarian border (Saksouk and Johnson 2004). 
It forms multiple branches that enter the ovarian 
hilum via the mesovarium. It has a tortuous 
course that is most evident near the ovary.

The ovarian vein is typically single, but may 
also be multiple and accompanies the ovarian 
artery. The venous drainage is into the left renal 
vein, and into the inferior vena cava on the right 
side. At the pelvic level, they can be identified 
at the medial aspect of the external iliac ves-
sels. The ovarian lymphatics ascend with the 
ovarian vessels along the psoas muscle and 
drain almost exclusively into the para-aortal 
lymph nodes at the level of the lower pole of the 
kidneys. In some patients, accessory channels 
pass the broad ligament and drain into the inter-
nal and common iliac and interaortic lymph 
nodes, or course along the round ligament to 
the external iliac and inguinal lymph nodes 
(Clement 2002). In the fallopian tube, addi-
tional lymphatic channels to presacral nodes, 
and occasionally from the ampulla, to gluteal 
nodes may exist (Clement 2002).
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a b

Fig. 9 Broad ligament and ovary in CT. In a patient with 
free fluid, the ovaries (*) can be visualized posterolater-
ally of the broad ligament. The left round ligament 
(small arrow) is visualized at the anterior aspect of the 
broad ligament and courses anterolaterally towards the 

internal inguinal canal (a). At the lateral free margin of the 
broad ligament, the suspensory ligament attaches to the 
anterior margin of the left ovary. It transmits the ovarian 
artery and vein (long arrow) and is contiguous to the mes-
ovarium (a, b)

Identifying the ligaments on imaging
The broad ligament and the mesovarium are usu-
ally not discernable by cross-sectional imaging 
unless they are surrounded by large amounts of 
ascites. Their position, however, can be identified 
by the structures they contain (Foshager and 
Walsh 1994). In ascites, the ovaries can be seen 
suspended from the posterior surface of the broad 
ligament (Fig. 9) (Saksouk and Johnson 2004). 
The ovarian ligament may occasionally be visu-
alized as a short and narrow soft tissue band 
extending between the uterus and the ovary.

In the retroperitoneum, at the level of the infe-
rior renal pole, the ovarian artery and vein can be 
identified along the psoas muscle medial to the 
ureter (Fig. 10) (Karaosmanoglu et al. 2009). The 
ovarian artery is located medial to the vein and 
due to its smaller size is less constantly conspicu-
ous on CT or MRI. They cross obliquely anterior 
the ureter at the middle to the lower lumbar region 
and are then located laterally to the ureter in the 
lower abdomen and pelvis (Figs. 10 and 11).

Tracking these vessels continuously down-
wards from the retroperitoneum to the pelvis 
leads to the suspensory ovarian ligament (Fig. 6) 
(Lee et al. 2003). The latter is an excellent land-
mark for localizing the ovary. It is a short and 
narrow fan-shaped soft tissue band that widens as 
it approaches the ovary. Sometimes it can also be 
identified as a linear band that is thicker than the 

ovarian vein. Due to its vascular landmarks, it is 
more commonly identifiable than the other ovar-
ian ligaments (Saksouk and Johnson 2004). This 
ovarian vascular pedicle sign serves also as a use-
ful imaging sign to differentiate between pelvic 
masses of ovarian from those of uterine origin.

2  Developmental Anomalies

Developmental anomalies of the ovaries are very 
rare. Although ovaries have a different develop-
mental origin from uterus and fallopian tubes, 
ovarian anomalies are significantly more often 
associated with congenital uterine anomalies 
(22%), particularly with unicornuate uterus 
(Dabirash et al. 1994). Uterus and fallopian tubes 
develop from the paramesonephric ducts. Defects 
of the paramesonephric tubes result not only in 
abnormalities of the uterus but also of the fallo-
pian tubes, kidneys, and ureters.

In utero the primordial ovaries are located on 
the medial surface of the urogenital ridge on each 
side of the lower thoracic and upper lumbar 
spine, inside the Wolffian body. The ovaries 
descend during the 3rd month of fetal life with 
the ovaries located at the level of the iliac crest by 
the 3rd month of life. They take their place in the 
ovarian fossa at the end of the first year of life 
(Stevens 1992). Ovarian migration is guided by 
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the gubernaculum which connects the lower pole 
of the gonad and attaches to the uterus, forming 
the ovarian and round ligaments of the uterus 
(Trinidad et al. 2004).

2.1  Congenital Abnormalities

In phenotypic females, absence of both ovaries is 
usually associated with abnormal karyotypes and 
a syndrome of gonadal dysgenesis. These patients 
may have underdeveloped gonads, or uni- or 
bilateral streak gonads (Fig. 12), which carry a 
risk of malignancy (Clement 2002). Congenital 

unilateral agenesis of an ovary in a normal female 
is extremely rare and usually asymptomatic. It 
presents more likely the result of torsion with 
atrophy, particularly in the prenatal period. It 
may be accompanied by ipsilateral renal or ure-
teric agenesis and/or malformation of the ipsilat-
eral fallopian tube (Dueck et al. 2001).

Accessory or supernumerary ovaries are 
extremely rare, and may also be associated with other 
congenital genitourinary abnormalities. An acces-
sory ovary contains ovarian tissue and is usually 
located in vicinity of a normal ovary (Clement 2002). 
Supernumerary ovaries are not attached to the ovary, 
but may be found at various sites within and outside 

a

c d

b

Fig. 10 Ovarian vessels in the retroperitoneum and sus-
pensory ligament “ovarian vascular pedicle.” CT scans at 
level below the renal hilum (a) aortic bifurcation (b), 
upper pelvis (c), and mid pelvis (d). Ovarian artery and 
vein (arrow) course along the psoas muscle parallel to the 
ureter (long arrow) (a). At the lower lumbar region, they 
cross obliquely (arrow) and are visualized lateral to the 

ureter (long arrow). The ovarian vessels (arrow) are con-
tinuous with the suspensory ligament, which is identified 
near the external iliac vessels (c). It demonstrates a wedg-
ing as it approaches the ovary. The latter can be identified 
by multiple small cystic follicles (d). Follicle cyst in the 
right ovary (*). U uterus
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the pelvis. In most cases, they are smaller than 1 cm 
in size (Hahn-Pedersen and Larsen 1984). The ecto-
pic ovarian tissue possesses the functional as well as 
the pathological potential of normal ovaries and may 
give rise to primary carcinoma of the peritoneum 
(Seidman et al. 2002).

Adrenal cortical rests may be observed within 
the wall of the fallopian tubes and broad ligament.

Congenital abnormalities of the fallopian 
tubes are also extremely rare. As in the ovaries, 
they result more likely from torsion or an inflam-
matory process. Isolated congenital abnormali-
ties include aplasia, duplication, accessory ostia, 
and congenital diverticula of the fallopian tubes 
(Rezvani and Shaabab 2011). Tubes may also be 
partially atretic or hypoplastic and these may be 

associated with uterine abnormalities such as 
rudimentary uterine horn or bicornuate uterus. 
Offspring of women exposed to diethylstilbestrol 
may suffer from infertility due to tubal anomalies 
including short sacculated or dilated fallopian 
tubes (Nunley et al. 1984).

2.2  Ovarian Maldescent

Ovarian maldescent has an incidence of 0.2–
0.5% (Allen et al. 2012). It may be uni- or 
bilateral and is more common in Müllerian 
malformations (17%), with the highest associ-
ation with didelphis and uni- or bicornuate 
uterus, and hypoplastic uterus (Allen et al. 
2012). In ovarian maldescent, ovaries may be 
found in an ectopic position along its migration 
pathway from the lumbar region to the ovarian 
fossa. Rarely, ovaries may descend too far 
down until the inguinal canal (Ghattamaneni 
et al. 2009).

A common location of ovarian maldescent 
above the pelvic brim is the paracolic gutters 
(Fig. 13). After pregnancy, the ovaries may be 
hindered to return to their original position due to 
adhesions. Furthermore, an ectopic ovarian posi-
tion may be associated with adhesions, inflam-
mation, and surgery, or result from abnormal 
ovarian mobility due to elongation of the broad 
ligaments (Spencer et al. 2010).

Imaging findings
Identification of the upper pole of the ovary at or 
above the level of the iliac bifurcation defines 
ovarian malposition (Allen et al. 2012). In women 
of childbearing age, ovaries in atypical positions 
can be identified in the majority of patients due to 
the typical morphology of follicles. MRI is the 
preferred examination technique to diagnose 
maldescended or ectopic ovaries due to their 
excellent visualization on the T2WI (Fig. 13). An 
ovary not visualized in the ovarian fossa should 
be sought in other locations in proximity to the 
uterus and above the pelvic brim, rarely may it be 
located near the inguinal canal.

Fig. 11 Ovarian veins. Coronal CT demonstrates the 
ovarian veins. The left ovarian vein (arrow) can be tracked 
from the left ovary to the retroperitoneum
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a b

Fig. 12 Streak gonads. In a 23-year-old female, uterine 
hypoplasia (*) is demonstrated on the sagittal T2WI (a). 
Normal ovaries are not identified. A bandlike soft tissue 

structure (arrow) adjacent to the external iliac vessel pres-
ents a left streak gonad (b)

Differential diagnosis Differential diagnosis of a 
unilateral missing ovary includes ectopic ovary 
and atrophy  resulting from adnexal torsion. 
Mullerian duct anomalies support congenital eti-
ology and warrant search along the psoas muscle 
outside the pelvis.

3  Ovarian Transposition

Surgical transposition of the ovaries is accom-
plished before therapeutic irradiation of the pel-
vis in women to preserve ovarian function. 
Ovaries, supportive ligaments, and their vascular 
supply are surgically mobilized outside the pel-
vis, most commonly laterally to the paracolic 
gutters anterior of the psoas muscles (Wo and 
Viswanathan 2009).

Other sites of transposition are the lower para-
colic gutters close to the iliac fossa. Lateral trans-
position is performed in patients with cervical 
cancer, vaginal cancer, pelvic sarcoma, and 
Hodgkin disease. Medial transposition refers to 
attachment of the ovaries to the surface of the 
uterus (Kier and Chambers 1989; Bashist and 
Freidman 1989). Surgical clips are typically 
affixed to each ovary to mark its location.

Imaging findings
Transposed ovaries can be identified by their char-
acteristic morphologic feature of follicles that 
undergo follicular maturation. Metallic clips help 
to identify the ovaries on CT (Fig. 14) (Bashist and 
Freidman 1989). Furthermore, following the ovar-
ian vessels downwards from the mid-lumbar region 
aids in identifying the ovaries (Lee et al. 2003). 
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Fig. 13 Ovarian maldescent associated with uterine mal-
formation. Coronal (a, b) and sagittal (c, d) T2WI. The 
left ovary is in normal position adjacent to the unicornuate 
uterus (arrowhead) (a, c). The left ovary is in atypical 

high position anterior to the psoas muscle (d). It contains 
multiple peripheral follicles (b) and displays an atypical 
elongated shape (arrow) (d)

Ovarian vessels in lateral transposition deviate 
laterally near the iliac fossa instead of coursing 
inferiorly (Saksouk and Johnson 2004). 
Transposed ovaries should not be misdiagnosed 
as peritoneal implants. Medical history and metal-
lic surgical clip markings in CT will facilitate dif-

ferentiation, as well as meticulous analysis of 
ovarian morphology including ovarian follicles 
on T2WI (Sella et al. 2005). Identification of fea-
tureless and small atrophic ovaries is feasible due 
to the surgical clips in CT, but it may be difficult 
in MRI.
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Differential diagnosis Familiarity with history of 
ovarian transposition is crucial to establish the 
correct diagnosis. The differential diagnosis 
includes mucocele of appendix, peritoneal 
implants, colonic masses, lymphoceles, and 
lymph node metastases.
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Abstract

Incidental adnexal masses are commonly identi-
fied in radiologists’ daily practice. Most of them 
are benign ovarian lesions of no concern. 
However, sometimes defining the origin of a pel-
vic mass may be challenging, especially on 
ultrasound alone. Moreover, ultrasound not 
always allows the distinction between a benign 
and a malignant adnexal tumor.

Most of sonographically indeterminate 
adnexal masses turn out to be common benign 
entities that can be readily diagnosed by mag-
netic resonance imaging. The clinical impact 
of predicting the likelihood of malignancy is 
crucial for proper patient management.

The first part of this chapter will cover the 
technical magnetic resonance imaging aspects 
of ovarian lesions characterization as well as the 
imaging features that allow the radiologist to 
correctly define the anatomic origin of a pelvic 
mass. Next, the authors will go through differ-
ent benign ovarian entities and through the dif-
ferent histologic types of benign ovarian tumors. 
Finally the functional ovarian tumors and the 
ovarian tumors in children, adolescents, young 
females, and pregnant women will be covered.

1  Introduction

Preoperative imaging plays a pivotal role in triag-
ing management of patients with suspected adnexal 
masses (Forstner et al. 2016; Kaijser et al. 2014). It 
also aids in planning the adequate surgical 
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approach. In this context, in benign ovarian lesions 
laparoscopy has been widely replacing open sur-
gery. Although a definite histopathologic diagnosis 
is often not possible, imaging reliably assists in 
predicting the likelihood of malignancy which is 
crucial for proper patient management (Jung et al. 
2002). In the assessment of adnexal masses the fol-
lowing parameters should be addressed by imag-
ing: (a) defining the exact origin of the mass, (b) if 
the lesion is ovarian to define if it is a physiologic 
or neoplastic finding, and (c) when surgery is war-
ranted for a neoplastic lesion, defining the risk of 
malignancy and providing a differential diagnosis 
(Sala and Atri 2003).

2  Technical Recommendations 
for Ovarian Lesion 
Characterization

MRI of the female pelvis is best performed after at 
least 4 h of fasting and with prior injection of peri-
staltic inhibitors to minimize artifacts due to bowel 
movement. The patient lies on her back in a supine 
position with a pelvic, torso, or cardiac coil attached 
around her pelvis or abdomen. Ovarian mass char-
acterization requires anatomical coverage of the 
entire ovarian mass and the uterus to be able to con-
firm the ovarian versus uterine origin of the mass. 
High-resolution fast spin echo T2-weighted images 
are mandatory to confirm the anatomical origin and 
clearly identify the ovarian nature of the mass. A 
basic protocol includes a T2W sagittal sequence of 
the pelvis and pair of T1W and T2W sequences 
covering the adnexal mass in the same orthogonal 
(axial or coronal or oblique) plane with identical 
slice thickness (Forstner et al. 2016). Further tissue 
characterization takes into account signal intensity 
at T1- and T1FS-weighted sequences, and after 
intravenous injection of gadolinium.

Turbo spin echo (TSE) sequences are the 
sequences of choice due to their excellent spatial 
image resolution. Imaging parameters include a field 
of view of 200–300 mm with a matrix of 512 × 256, 
slice thickness between 3 and 5 mm. T2-weighted 
fast spin echo (FSE) sequences use a TR/TE around 
4000/90 ms, whereas the TR for T1-weighted 
sequences is around 500 ms with a minimum 
TE. Due to time restrictions, faster T2-weighted 
sequences such as ultrafast half- Fourier single-shot 
turbo spin echo sequences (HASTE, 3 s per slice) or 
a 3D T2 WI sequences may be used. Because of its 
limited image resolution, the HASTE sequence can 
be used when the high-resolution TSE imaging is 
suboptimal or to provide additional imaging planes 
as a complement to high-resolution TSE.

DWI should be performed with a b value of 800–
1000 s/mm2. Diffusion restriction is found in solid 
aspects of both benign and malignant adnexal 
masses as well as in fatty and hemorrhagic masses, 
e.g., in endometriomas. In one study the diagnostic 
confidence was increased about 15% using DW 
additional to conventional images (Thomassin-
Naggara et al. 2011). When the solid component of 
an indeterminate adnexal mass is of low signal 
intensity on T2W images and the entire mass is of 
low signal on DWI obtained with a b value of 800–
1000 s/mm2 there is a very high likelihood of benig-
nity (Thomassin- Naggara et al. 2009). DWI is thus 
diagnostic in the majority of common predomi-
nantly solid benign adnexal masses such as ovarian 
fibroma or cystadenofibroma and for the majority of 
pedunculated uterine leiomyomas (Forstner et al. 
2016). Moreover, a T2W solid mass with low DWI 
signal is highly likely to be benign irrespective of its 
pattern or profile of contrast  enhancement. For 
ovarian lesion characterization, intravenous contrast 
injection has been shown to be useful because of its 
ability to identify solid intracystic portions such as 
papillary projections, necrosis within a solid mass, 

Fig. 1 A 39-year-old woman presenting with a right adnexal 
mass and a sonographic diagnosis of atypical endometriosis. 
MRI is performed for additional lesion characterization. 
Axial oblique T2 (a) and T1-weighted images (b), sagittal 
T2-weighted images (c), contrast- enhanced T1-weighted 
images with fat saturation (FS) (d), gross specimen photog-
raphy (e). A multilocular cystic mass of the right ovary (a) 
with a heterogeneous content in the most anterior loculation 
(arrow). The corresponding T1-weighted image (b) shows 
no evidence of hemorrhage excluding the diagnosis of endo-

metrioma. Sagittal T2-weighted image through the hetero-
geneous part of the cyst shows a hypointense solid portion 
(arrow) with converging thin septa of the cyst, possibly sug-
gesting normal ovarian parenchyma (c). Only minimal con-
trast enhancement the solid aspects and the walls of the cyst 
(arrowheads) is demonstrated in (d). Gross specimen pho-
tography (e) of the right ovary shows a multilocular cyst 
with tiny papillary projections within the wall of the poste-
rior loculation (arrowheads) and a white fibrous portion. 
Histology diagnosed a serous cystadenofibroma of the ovary
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septation, or wall thickening (Fig. 1) (Hricak et al. 
2000). Recent data support that dynamic contrast 
enhancement is the best technique to differentiate 
between benign and malignant features in ovarian 
masses. It is based on the comparison of the time 
intensity curve (TIC) of the solid component in an 
adnexal mass with the time intensity curve of the 
external myometrium which is the internal refer-
ence. Thus, a DCE MR sequence should be acquired 
in a plane that involves the solid component of the 
adnexal mass (i.e., solid papillary projections, thick-
ened irregular septa, or solid portion) and the myo-
metrium (Forstner et al. 2016; Thomassin- Naggara 
et al. 2009, 2011). For details see also Chap. 66.

Dynamic contrast-enhanced imaging with 
acquisition of time intensity curves has been recom-
mended by the latest ESUR guidelines on how to 
characterize sonographically indeterminate masses 
(Forstner et al. 2016). Table 1 demonstrates differ-
ences in signal intensity according to the histologi-
cal type of the most frequent ovarian benign masses. 
Details on how to characterize adnexal masses with 
MRI are covered more in detail in Chap. 66.

Because of its inferior soft tissue contrast com-
pared to MRI, CT is not the imaging modality of 
choice for characterization of sonographically 
indeterminate adnexal lesions. Indications for CT 
include contraindications for MRI, assessment of 
acute pelvic pain, of complications of pelvic 
inflammatory disease, and staging of ovarian can-
cer. Due to its wide clinical use, however, many 
adnexal lesions are incidentally detected by CT 
 examinations. Published management recommen-
dations of these incidentalomas assist in triaging 

these common findings (Spencer and Gore 2011; 
Patel et al. 2013). In CT the use of bowel opacifi-
cation is generally recommended for assessment 
of adnexal lesions. It assists in the differentiation 
of fluid-filled bowel and cystic adnexal lesions and 
improves the identification of peritoneal seeding. 
Furthermore, especially in thin patients and in 
postmenopausal age, detection of normal ovaries 
is often only  possible with bowel opacification. 
For this  purpose, 1000 ml of diluted contrast media 
or alternatively water is administered 1 h prior 
to the CT study. Rectal opacification is also helpful 
in assessing involvement of the rectum or sigmoid 
colon. Intravenous contrast opacification is pivotal 
for assessing adnexal lesions. It allows better char-
acterization of the internal architecture and the dif-
ferentiation of pelvic vascular structures, including 
depiction of the ovarian vascular pedicle. In most 
cases, a venous phase enables best depiction of 
the  internal architecture, as solid enhancing com-
ponents and papillary projections may be missed 
in an early phase. If a mature teratoma is suspected 
sonographically, a study without i.v. contrast 
media may be sufficient.

3  Defining the Origin 
of a Pelvic Mass: Adnexal 
Versus Extra-adnexal 
Versus Extraperitoneal

Defining the origin is the first diagnostic step in 
assessing a suspected adnexal mass. Depending on 
the site of origin the differential diagnoses and 

Table 1 Signal intensity of benign ovarian masses on MRI of the pelvis according to sequences and histological lesion 
type

Signal intensity

Ovarian neoplasm T2 T1 FS T1 Gd T1a DWIa

(b > 800 s/mm2)

Serous cystadenoma High Low Low TIC 1 Low

Mucinous 
cystadenoma

High Intermediate Intermediate TIC 1 Low

Mature cystic 
teratoma

Intermediate High Low Rokitansky nodule 
may display TIC 3

Bright

Endometrioma High High High TIC 1 or 2 Bright

Fibroma Low- intermediate Intermediate Intermediate TIC 1, rarely TIC 2 Low, some areas bright

TIC time intensity curve
aWall or septations, or solid areas in fibroma
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treatment options often differ completely. Size, 
architecture, and location may appear similar in 
adnexal, extra-adnexal peritoneal masses, and even 
extraperitoneal lesions. However, special features 
determining the anatomical relationship of the 
mass and the surrounding pelvic anatomical struc-
tures can assist in their differentiation (Saksouk 
and Johnson 2004). These parameters include visu-
alization of ovarian structures, the type of contour 
deformity at the interface between the ovary and 
the pelvic mass, and the displacement pattern of the 
vessels, ureters, and other pelvic organs.

Identifying a mass separate from the ipsilat-
eral ovary indicates its nonovarian origin (Fig. 2). 
However, especially in large pelvic lesions, the 
ovary may often be obscured or totally invaded 
by the mass (Levine et al. 1997). Especially in 

smaller lesions when the ovary is not completely 
obscured, identifying ovarian follicles indicates 
its ovarian origin (Fig. 3). Furthermore, for this 
purpose analyzing specific signs, such as the 
beak sign, and the embedded organ sign can aid 
in better defining its relationship with the ovary. 
When a mass deforms the edge of the ovary into 
a beak shape it is likely that it arises from the 
ovary (Fig. 3). In contrast, dull edges at the inter-
face with the adjacent ovary suggest that the 
tumor compresses the ovary but does not arise 
from it (Saksouk and Johnson 2004).

Large ovarian masses typically displace the 
ureter posteriorly or posterolaterally. The same 
displacement pattern can also be caused by other 
intraperitoneal lesions, such as the bladder, and 
masses arising from the uterus or bowel (Foshager 
et al. 1996). The iliac vessels are typically dis-
placed laterally by an adnexal lesion. In contrast, 
medial displacement of the iliac vessels is typical 
for extraovarian masses, originating from the pel-
vic wall or in lymphadenopathy (Fig. 4). The ori-
gin of a mass may be further elucidated by 
tracking the vascular pedicle or the ovarian sus-
pensory ligament (Saksouk and Johnson 2004). 
The presence of ovarian vessels leading to or 
emerging from an adnexal mass was identified in 

a

b

Fig. 2 Nonovarian cystic tumor. Transaxial (a) and coro-
nal T2-weighted images (b) in a 14-year-old girl in whom 
sonography, to rule out an abscess after appendectomy, 
found a multicystic ovarian lesion. A large bilateral multi-
septate lesion extending above the umbilical level is dem-
onstrated in both planes. Identification of normal ovaries 
(arrows) allows exclusion of an ovarian origin of the 
lesion. Histopathology of the surgical specimen diag-
nosed a chyloma

Fig. 3 Beak sign. Transaxial T2-weighted images show a 
mass in the left cul-de-sac (asterisk). Its ovarian origin can 
be clearly identified due to multiple follicles (arrow). The 
interface to the ovarian tissue is characterized by a sharp 
angulation, which is typical for the beak sign. A small 
amount of free fluid in the cul-de-sac as seen in this 
patient is a physiological finding in premenopausal age 
and peaks in the secretory phase
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92% of ovarian lesions in CT (Lee et al. 2003). 
Defining the ovarian vascular pedicle allows also 
the differentiation from lesions mimicking ovar-
ian tumors, such as subserosal uterine leiomyoma. 
Furthermore, in the majority of leiomyomas, a 
vascular bridging sign at the interface between 
uterus and leiomyoma or the claw sign can be 
observed, which is not the case in ovarian lesions 
(Fig. 5) (Kim et al. 2000; Forstner et al. 2016). 

Because of their close anatomic relationship, 
masses arising from the fallopian tubes cannot be 
distinguished from ovarian lesions by identifying 
the ovarian vessels or the ovarian suspensory liga-
ment. Incomplete septa emerging from the wall of 
a cystic adnexal mass indicate the  fallopian origin 
of the mass (Ghattamaneni et al. 2009) (Fig. 6).

Fig. 4 Medial displacement of the iliac vessels. 
Transaxial CT in a patient with sonographically suspected 
bilateral ovarian cancer. Bilateral cystic lesions (asterisks) 
with mural thickening are simulating ovarian lesions. The 
displacement pattern of the iliac vessels, however, is typi-
cal for an origin from the pelvic sidewalls. The lesions are 
due to bilateral iliopectinea bursitis in a patient with rheu-
matoid arthritis

a b

Fig. 5 Ovarian versus extraovarian mass. Sagittal 
T2-weighted image and axial Gd-enhanced fat-suppressed 
T1 image demonstrate solid lesions adjacent to the uterus in 
two women of reproductive age. In ovarian fibroma (a), the 
uterus can be separated from the ovarian mass (arrow). 

Ascites is found in the cul-de-sac and surrounding the ovar-
ian fibroma (a). A subserosal uterine leiomyoma (b) can be 
differentiated from an ovarian mass by the demonstration of 
multiple bridging vessels. These (arrow) are found at the 
interface between the lesion and the myometrium

Fig. 6 Incomplete septations. Coronal oblique 
T2-weighted image of a left adnexal mass. Incomplete 
interdigitating septa (arrow) are typical findings of a 
hydrosalpinx
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4  Benign Adnexal Lesions

4.1  Non-neoplastic Lesions 
of the Ovaries and Adnexa

4.1.1  Physiological Ovarian Cysts: 
Follicular and Corpus Luteum 
Cysts

The ovaries change their appearance periodi-
cally during their ovarian cycle. The ovarian 
cycle consists of development of the ovarian 
follicle, rupture, discharge of the ovum, forma-
tion, and regression of corpus luteum. Ovaries 
may contain follicles of various stages of devel-
opment, corpus luteum cysts, and surface inclu-
sion cysts.

Physiological ovarian cysts constitute the vast 
majority of cystic adnexal lesions. In the repro-
ductive age ovarian cysts are defined as ovarian 
cysts if they are larger than 3 cm in size, whereas 
smaller lesions present follicles (Levine et al. 
2010). Cysts may be classified as functional, 
which means they are associated with hormone 
production, or nonfunctional. In nonpregnant 
patients, corpus luteum cysts derive from failure 
of regression or hemorrhage into the corpus 
luteum.

Functional cysts are asymptomatic in the 
majority of cases. Progesterone production may 
persist in corpus luteum cysts, resulting in 
delayed menstruation or bleeding anomalies. 
Large physiologic cysts may cause abdominal 
pressure or low back pain. Acute abdomen is 
caused by complications such as rupture, hemor-
rhage, or torsion.

With an estimated prevalence of 18% ovarian 
cysts are a common finding in the reproductive 
age. Less commonly small cystic lesions may be 
also found in the postmenopausal age. In a series 
of 74 normal ovaries, the average size of the larg-
est cyst was 1 cm (range, 0.2–4.7 cm) (Outwater 
and Mitchell 1996). Functional cysts usually do 
not exceed 5 cm in size, but may occasionally 
grow as large as 8–10 cm (Fig. 7). In most cases, 
they are self-limiting and will regress spontane-
ously. In contrast to follicular cysts, corpus 
luteum cysts often require a period of up to 3 
months to regress.

4.1.1.1  Imaging Findings in Physiological 
Ovarian Cysts

Transvaginal sonography is the gold standard for 
the diagnosis of ovarian cysts. According to 
recent management guidelines simple ovarian 
cysts of less than 5 cm in size do not require  

a

b

c

Fig. 7 Functional cyst in a 29-year-old woman. 
Transaxial T1 (a), T2-weighted (b), and contrast- 
enhanced T1-weighted images with FS (c). An 8-cm cys-
tic ovarian lesion (arrow) displays intermediate signal 
intensity on T1-weighted image similar to the myome-
trium (a) and very high SI on T2-weighted image (b). It 
has a thin wall well demonstrated on T2-weighted image 
(b) and after contrast administration (c). A functional 
cyst, most likely a corpus luteum cyst, could not be dif-
ferentiated from an ovarian cystadenoma. The sono-
graphic follow-up showed a considerable decrease in size 
within 3 months. Small amount of physiologic fluid is 
seen in the cul-de-sac
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further assessment in an asymptomatic woman of 
reproductive age (Spencer and Gore 2011; Levine 
et al. 2010). Findings include anechoic thin- 
walled cysts for simple follicular cysts and a 
fishnet- like heterogeneous hypoechoic content 
for hemorrhagic follicular or luteal cysts also 
described with a fine trabecular jelly-like content 
(Levine et al. 2010). Most of these cysts will dis-
appear or decrease in size at short-term follow-
 up. In a follow-up 65% of the cysts persisting 
after menstruation had resolved within 3 months, 
independently of the use of oral contraceptives 
(Christensen et al. 2002).

Simple ovarian cysts are a common incidental 
finding on CT and MRI. They are unilocular and 
display an imperceptible or thin (<3 mm) wall. 
On CT they appear as round or oval water- density 
lesions (<20 HU). Most cysts display intermedi-
ate to low signal intensity (SI) on T1-weighted 
images, and very high signal intensity on 
T2-weighted images, due to the presence of 
watery fluid. The thin wall is best depicted on 
T2-weighted images as hypointense and on 
contrast- enhanced images as hyperintense to 
ovarian stroma (Outwater and Mitchell 1996). 
Corpus luteum cysts demonstrate thicker walls 
with distinct enhancement due to their thick 
luteinized cell lining. Layering by debris and 
internal fibrin clots in corpus luteum cysts can be 
differentiated from papillary projections in epi-
thelial tumors by their lack of enhancement.

4.1.1.2 Differential Diagnosis
Unilocular cystadenomas may mimic simple 
ovarian cysts (Fig. 8). Regression in a follow-up 
over two to three cycles confirms the diagnosis of 
a physiological cyst.

Both corpus luteum cysts and endometrioma 
may show intracystic hemorrhage. However, 
endometrioma tend to be bilateral, are often mul-
tiple, and typically demonstrate prominent T2 
shortening (“shading”) and the T2 dark spot sign 
presenting mural clot (Corwin et al. 2014).

4.1.2  Paraovarian Cysts
Paraovarian cysts (paratubal) cysts arising from 
Wolffian duct remnants in the mesovarium (Moyle 
et al. 2010) are common incidentalomas. Although 
encountered throughout life, they are most com-
monly found in middle-aged women. Surgical 
data suggest that they account for 10–20% of 
adnexal masses (Kier 1992). They are round or 
ovoid, unilocular thin-walled cysts ranging 
between 1 and 12 cm in size (Kim et al. 1997). 
Complications do not differ from those of other 
ovarian cysts. Secondary transformation with foci 
of benign and malignant papillary neoplasms is 
extremely rare (Honoré and O’Hara 1980).

4.1.2.1 Imaging Findings
Paraovarian cysts tend to be large thin-walled 
unilocular cysts, located typically within the 
broad ligament (Fig. 9). Rarely they may contain 

a b

Fig. 8 Large cystic adnexal lesion in a 55-year-old 
woman. Transaxial T2-weighted image (a) and 
T1-weighted image with Gd and fat saturation (b) show a 
unilocular right adnexal cyst. It displaces the uterus and 

the adjacent sigmoid colon. There are no signs of malig-
nancy. Due to postmenopausal age and the increase in 
size, surgery was performed. The histopathological diag-
nosis was serous cystadenoma
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internal septations. On CT and MRI, they display 
typical criteria of ovarian cysts, but are found 
separate from the ipsilateral ovary (Moyle et al. 
2010).

4.1.2.2 Differential Diagnosis
A paraovarian cyst can only be distinguished 
from an ovarian cyst if it is clearly separated from 
the ovary. While paraovarian cysts are usually 
larger cysts, cysts of Morgagni, which arise from 
the fimbriated end of the tube, usually do not 
exceed 1 cm in diameter. The differential diagno-
sis of paraovarian cysts includes ovarian cystad-
enoma, an eccentric ovarian cyst, retroperitoneal 
cysts, and lymphoceles. The latter can be differ-
entiated based on the clinical history and the pat-
tern of vascular displacement. Hydrosalpinx may 
have a similar location within the broad ligament; 
however, it displays a tubular form and interdigi-
tating septa (Moyle et al. 2010). In contrast to 
paraovarian cysts, the shape of peritoneal inclu-
sion is defined by the surrounding structures.

4.1.3  Peritoneal Inclusion Cysts
Peritoneal inclusion cysts (pseudocysts or mul-
tilocular inclusion cysts) are accumulations of 
fluid produced by the ovaries that become 

entrapped by peritoneal adhesions. These 
lesions are of variable size and are typically 
encountered in premenopausal women with 
previous surgeries, endometriosis, or pelvic 
inflammatory disease (PID) (Moyle et al. 2010). 
Pseudocysts have an irregular shape because 
the outer surface is not a true wall but defined 
by surrounding structures. They may become 
clinically apparent due to mass effect, chronic 
pelvic pain, or present without symptoms (Kim 
et al. 1997).

4.1.3.1 Imaging Findings
Peritoneal inclusion cysts tend to take the shape 
of the space they are occupying. The ovary is 
entrapped and lies typically inside the cyst or 
within the cyst wall and may be mistaken as a 
solid nodule (Fig. 10). The internal architecture 
of peritoneal inclusion cysts depends on its con-
tents. In most cases, they contain simple fluid 
with low SI on T1-weighted images and very 
high SI on T2-weighted images, and low density 
on CT. Hemorrhage and layering of hemosiderin 
can lead to high SI on T1 and low SI on T2 W, 
and higher densities on CT. In one study internal 
septa were found in 11/15 cases of peritoneal 
inclusion cysts (Kim et al. 1997).

Fig. 9 Paraovarian cyst in a 53-year-old female. 
Transaxial T2WI demonstrates a 5 cm cyst (arrowhead) 
that is clearly separated from the postmenopausal right 
ovary (arrow). A 1 cm cyst with a thin septum is seen on 
the left ovary (arrow). Rectum (R)

Fig. 10 Peritoneal inclusion cyst on CT. A cystic 
lesion of the right adnexa was found on sonography 
in a 33-year- old woman with a history of several previ-
ous pelvic surgeries. CT demonstrates a cystic lesion 
with thin enhancing walls and a solid ovoid structure 
(arrow) at its posterior wall. Surgery revealed a 
 peritoneal inclusion cyst. The solid structure was the 
normal ovary
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4.1.3.2 Differential Diagnosis
Particularly in CT differentiation of a pseudo-
cyst from cystadenomas or ovarian cancer may 
be difficult due to internal septations and the 
murally located ovary mimicking a solid com-
ponent within a cystic mass. Conforming to the 
peritoneal cavity and encasement rather than 
displacement of adjacent organs as well as a his-
tory of previous surgeries, PID, or Crohn’s dis-
ease are key elements for the correct diagnosis 
(Fig. 11).

4.1.4  Theca Lutein Cysts
Theca lutein cysts are ovarian cysts that are 
lined by luteinized theca cells. They develop in 
patients with high levels of serum human cho-
rionic gonadotropin and are associated with 
multiple gestations, trophoblastic disease, and 
pregnancies complicated by hydrops fetalis, or 
in patients with ovarian hyperstimulation syn-
drome (Fig. 12).

4.1.4.1 Imaging Findings
Theca lutein cysts are typically large, bilateral 
multiseptate ovarian cysts composed of simple 
fluid. They may cause gross enlargement of 
the ovaries to 10–20 cm in diameter. 
T2-weighted images or contrast-enhanced 

MRI or CT will typically display no evidence 
of mural thickening (Fig. 13).

4.1.4.2 Differential Diagnosis
Theca lutein cysts may resemble bilateral cystad-
enomas, but the clinical background is different.

a b

Fig. 11 Peritoneal pseudocyst on MRI. Transaxial (a) 
and coronal T2WI (b) show a multiseptate cystic bilateral 
mass. Imaging features typical of this entity include the 

ovary (arrows) displayed at the wall or within a septum, 
thin septas, and the contour following the predefined ana-
tomical space

Fig. 12 Ovarian hyperstimulation syndrome in a 45-year- 
old female treated with tamoxifen. Bilateral enlarged ova-
ries with multiple thin-walled cysts are found. Some of these 
show hemorrhagic foci. Bladder (B). Ascites (asterisk)
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4.1.5  Polycystic Ovary Syndrome
Polycystic ovary syndrome (PCOS) is a complex 
endocrinologic disorder characterized by inappro-
priate gonadotropin secretion that results in 
chronic anovulation. It affects 5–10% of women 
of reproductive age and is found in 50% of women 
with infertility problems (Lakhani et al. 2002).

Although most notable in Stein-Leventhal 
syndrome, which comprises the classical findings 
of amenorrhea, hirsutism, obesity, and sclerotic 
ovaries, a wide range of clinical presentations 
exist. Only one-quarter to one-half of the patients 
present the classical signs. Another feature is 
metabolic disorders including increased risk of 
diabetes, cardiovascular disease, and endometrial 
hyperplasia or endometrial cancer (Lee and 
Rausch 2012). The morphologic hallmark is mild 
enlargement of both ovaries, which contain 
numerous multiple small follicles surrounding 
the increased central ovarian stroma.

4.1.5.1 Imaging Findings
As there is an overlap of normal and polycystic 
ovaries in imaging, the diagnosis of polycystic 
ovary syndrome is based on hormonal changes as 
well as clinical and imaging findings (Johnstone 
et al. 2010).

The imaging modality of choice to assess 
PCOS is transvaginal US. The Rotterdam con-
sensus defined a threshold of at least 12 or more 
follicles, measuring between 2 and 9 mm 

(FNPO), and/or an ovarian volume >10 cm3 
(Franks 2006). Newer data suggest follicle count-
ing by 3D techniques and increasing the number 
of follicles (Lujan et al. 2013). MRI is usually not 
warranted to diagnose PCOS (Lee and Rausch 
2012). In this setting the role of MRI is as an 
adjunct to US to exclude a virilizing ovarian 
tumor and to assess the adrenal glands.

The MRI findings in PCOS include bilateral 
moderately enlarged (up to 5 cm) spherical ova-
ries with an abnormally high number of follicles 
measuring less than 10 mm in size (Fig. 14). At 
least 12 follicles are found in a peripheral distri-
bution (Fig. 9.24) in each ovary. Rarely, a normal 
contralateral ovary may be identified. The ovaries 
are surrounded by a thickened sclerotic capsule 
and typically display abundant low signal central 
stroma on T1- and T2-weighted images (Fig. 14).

Fig. 13 Bilateral theca lutein cysts CT at the umbilical 
level in a 27-year-old patient with a hydatidiform mole. 
Bilaterally enlarged ovaries are demonstrated displaying 
numerous thin-walled cysts of water-like density. No 
enhancing solid structures or papillary projections could 
be identified. Theca lutein cysts are found in up to 20% of 
patients with a hydatidiform mole

a

b

Fig. 14 Polycystic ovaries in MRI. Transaxial 
T2-weighted image (a) and parasagittal T2 WI (b) in a 
patient with Stein-Leventhal syndrome. Bilateral spherical 
ovaries are demonstrated showing numerous small folli-
cles of uniform size. The latter are located in the periphery 
of the ovary much like a “string of pearls” surrounding the 
ovarian stroma (asterisk), which typically is of very low 
signal intensity on T2-weighted images in PCO

Adnexal Masses: Benign Ovarian Lesions and Characterization

https://doi.org/10.1007/174_2017_9_Fig24


252

4.1.5.2 Differential Diagnosis
Multiple follicles in different stages of development 
including complex cysts constitute a common find-
ing in adolescents, and present a normal finding in 
mid- to late puberty (Laufer 2017). Using the thresh-
old of 12 follicles an overlap to PCOS exists also in 
normal young females (Duijkers and Klipping 
2010). Multifollicular ovaries may also be found in 
hyperprolactinemia, hypothalamic anovulation, and 
weight-related amenorrhea. They may be differenti-
ated from PCO by fewer cysts, the different size of 
follicles, lack of stromal hypertrophy, and the distri-
bution of the often larger follicles throughout the 
ovary (Clement 2002). In contrast to PCO, the ova-
ries resume normal appearance after treatment.

4.2  Benign Neoplastic Lesions 
of the Ovaries

Benign ovarian neoplasm accounts for 57% of 
epithelial ovarian tumors and for 80% of all ovar-
ian tumors (Seidman et al. 2002). Although there 
is large spectrum of benign ovarian neoplasm, the 
vast majority are encompassed by only a few dif-
ferent histologic types. It is a matter of debate 
whether cystadenomas or teratomas are most fre-
quent. In a large series cystic teratomas accounted 
for the majority of benign tumors (58%) followed 
by serous cystadenomas (25%) and mucinous 
cystadenomas (12%), benign stromal tumors 
(fibromas/thecomas) (4%), and Brenner tumors 
(1%) (Koonings et al. 1989). In epithelial tumors 
a continuum between various subtypes of benign 
cystadenomas, borderline, and malignant epithe-
lial tumors is found (Lengyel 2010).

4.2.1  Cystadenoma
Cystadenomas account for 37–50% of benign 
ovarian tumors in the reproductive age. Their fre-
quency tends to increase with age, and after meno-
pause, cystadenomas account for up to 80% of 
benign ovarian tumors (Jung et al. 2002). 
Cystadenomas are thin-walled unilocular or multi-
locular cystic lesions filled with serous, mucinous, 
and sometimes hemorrhagic contents. Small papil-
lary projections within the cyst walls may be rarely 
found in serous cystadenomas (Hassen et al. 2011). 
Serous and mucinous cystadenomas differ in 
pathology, prognosis, and disease course. Serous 

cystadenomas are more common than mucinous 
cystadenomas, with a prevalence of 11.2% vs. 
7.4% in the IOTA series analyzing more than 3000 
patients with adnexal masses (Timmerman et al. 
2016). Both types of cystadenomas have been rec-
ognized as precursors of ovarian cancer and may 
slowly transform to borderline tumors and invasive 
ovarian cancer (Lengyel 2010).

Serous cystadenomas account for up to 40% 
of all benign ovarian neoplasms. They show a 
peak incidence in the fourth and fifth decades and 
are in up to 20% bilateral. Mucinous cystadeno-
mas account for 20–25% of all benign ovarian 
neoplasms, and are bilateral in only 5% of cases 
(Hochberg and Hoffman 2017). Both are cystic 
lesions filled with water-like or higher protein-
aceous contents. Small coarse calcifications in 
mural location or within the cyst were found in 
>30% of mucinous cystadenomas, whereas tiny 
psammoma bodies in serous cystadenomas are a 
rare finding in CT (Okada et al. 2005). Mucinous 
cystadenomas tend to be larger at presentation 
and are typically multilocular with different con-
tents of the loculi (Fig. 15) (Jung et al. 2002). 
These loculi are small and multiple and separated 
by thin septations. Rupture of a mucinous cystad-
enoma can result in pseudomyxoma peritonei.

Fig. 15 Mucinous cystadenoma on CT. At the level of 
L5, a cystic ovarian lesion extending to the upper abdo-
men and measuring 25 cm in diameter is demonstrated. It 
bulges the abdominal wall and displaces bowel loops pos-
teriorly. It displays multiple thin septations (arrow). 
Loculi in the left periphery display attenuation values 
which are higher than water. The large lesion size and dif-
ferent densities of the loculi are findings suggesting the 
diagnosis of a mucinous cystadenoma
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4.2.1.1 Imaging Findings
Although an overlap exists, imaging features aid 
in the differentiation of serous from mucinous 
cystadenomas (Jung et al. 2002). In general, 
serous cystadenomas follow the pattern of a sim-
ple cyst and mucinous cystadenomas those of a 
multilocular lesion. For details see Chap. 66. 
Cystadenomas are well-circumscribed cystic 

tumors with enhancing thin walls and—if pres-
ent—internal septations on CT and MRI (Fig. 
15). The wall and septa are regular and thin 
(<3 mm) (Fig. 16). Papillary projections may 
be found in cystadenomas, but these tend to be 
small and a size of less than 3–5 mm indicates 
benignity (Timmerman et al. 2016) (Figs. 17 
and 18).

a b

c

Fig. 16 Mucinous cystadenoma. In a 48-year-old woman 
with a cystic mass in sonography, complementary MRI 
with coronal T2-weighted image (a), coronal T1-weighted 
image (b), and fat-suppressed contrast-enhanced 
T1-weighted image (c) are demonstrated. Coronal 
T2-weighted MR image of the pelvis shows a hyperin-

tense multilocular cystic mass with thin septation (a) in 
the right adnexal region. T1-weighted image confirms the 
purely cystic content of the cyst (b). The septations are 
thin and demonstrate contrast enhancement (c). Pathology 
after laparoscopic removal of the ovary showed benign 
mucinous cystadenoma of the ovary
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The cystic loculi of serous cystadenomas dis-
play signal of simple fluid. In contrast, mucinous 
cystadenomas have often various signal intensi-
ties depending on the contents within the differ-
ent loculi, which vary from watery to 
proteinaceous to hemorrhagic. They display SI 
intensity higher than water on T2 and lower SI on 
T2-weighted images relative to serous fluid. 
When hemorrhage is present, blood products 
may be identified on MRI. Rarely, mucinous 
cystadenomas can manifest as a simple cyst.

Mucinous cystadenomas tend to be large at 
diagnosis with a mean size of 10 cm, but may be 
as large as 30 cm (Jung et al. 2002).

4.2.1.2 Differential Diagnosis
Serous and mucinous cystadenomas may dis-
play similar imaging findings on CT and MRI. If 
papillary projections are found in cystadeno-
mas, they tend to be fewer and smaller than in 
borderline tumors and display a type 1 time 
intensity curve. The presence of a mural nodule 
is highly indicative of a borderline or invasive 
malignancy (Fig. 18). Endometriomas may 
resemble mucinous cystadenomas, especially 
when these are complicated by hemorrhage. 
Low SI shading on the T2-weighted images is 

Fig. 17 Papillary projections in a mucinous cystadenoma. 
MRI was performed complementary to sonography in a 
persistent ovarian cyst. Sagittal T2WI displays a large uni-
locular cyst that shows small irregular mural thickening of 
the posterior wall presenting papillary projections (arrow)

a b

Fig. 18 Vegetation within a cyst. Coronal T2-weighted 
image (a) and fat-saturated contrast-enhanced T1-weighted 
image (b). In a 3.5 cm ovarian cyst, a mural nodule of 
10 mm with intermediate signal intensity on T2-weighted 

image (a) and contrast enhancement (b) is demonstrated. 
This finding should warrant the suspicion of malignancy, 
especially a borderline tumor as in this patient. Papillary 
projections in cystadenomas tend to be smaller
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not exclusive of endometriomas. Homogenous 
shading is the most prevalent pattern in endome-
triomas but focal/multifocal shading within a 
complex mass may also be found in endome-
troid carcinomas (Dias et al. 2015). Furthermore, 
the walls in endometriomas tend to be thicker 
and irregular and endometrioma usually are 
smaller than 10 cm. In CT the differentiation of 
cystadenomas from endometriomas is not pos-
sible. Hydrosalpinx can also display as a multi-
loculated uni- or bilateral adnexal lesion. In 
contrast to cystadenomas, the loculi communi-
cate and incomplete septa are found 
(Ghattamaneni et al. 2009).

4.2.2  Cystadenofibroma
Cystadenofibromas account for 1.7% of ovarian 
tumors. They are benign cystic tumors composed 
of epithelial and various amounts of solid stromal 
elements. They can also be purely cystic with 
small foci of stroma detected microscopically. 
The margin tends to be well defined and smooth. 
Endocrine activity is not found (Jung et al. 2006).

4.2.2.1 Imaging Features
Cystadenofibroma present as uni- or bilateral 
ovarian predominantly cystic tumors. Solid stro-
mal tissue displaying very low SI on T2WI is the 
key feature suggesting cystadenofibroma. This 
may be encountered in a diffuse or partially 
thickened cyst wall or in a multicystic or solid 
element within the lesion (Fig. 19). The reference 
most suitable for low SI in a benign lesion is the 
skeletal pelvic muscle (Forstner et al. 2016). On 
MRI small papillary projections may be dis-
played (Fig. 1). On CT coarse calcifications sug-
gest benignity. Variable amounts of fibrous 
stroma in ovarian cystadenofibromas result in 
imaging features that vary from purely cystic to a 
complex cystic tumor with one or more solid 
components. In one series of 32 ovarian cystade-
nofibromas, 50% displayed as multiloculated 
masses identical to cystadenomas. The other half 
was complex cystic tumors with one or more 
solid components and smooth thickened septa of 
very low SI. This feature has been described as 
black sponge sign (Cho et al. 2004).

a b

Fig. 19 A 45-year-old patient with a right cystadenofi-
broma and a left fibroma. (a) Axial T1-weighted image; 
(b) axial T2-weighted image; (c) fat-saturated axial 
gadolinium- enhanced T1-weighted image; (d) axial 
oblique T2-weighted image. T2-weighted images show a 
solid hypointense lesion in the left ovary that shows mod-

erate contrast enhancement and therefore is compatible 
with a fibroma (arrows). In the right ovary there is a cystic 
lesion with small areas of low signal intensity on 
T2-weighted images that revealed to be a cystadenofi-
broma (dashed arrows)
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4.2.3  Mature Teratoma
Mature teratomas are the most common ovarian 
neoplasm in women under 45 years of age, and 
account for up to 70% of tumors in females less 
than 19 years of age (Koonings et al. 1989). In a 
large series it constitutes 10.6% of adnexal 
masses (Timmerman et al. 2016). Ovarian terato-
mas derive from germ cells and are classified into 
three main categories, among which the mature 
cystic teratomas account for 99%. Less common 
types of mature teratomas are the monodermal 
teratomas, which include struma ovarii and carci-
noid tumors. Monodermal teratomas are not cys-
tic but contain primarily solid structures. Mature 
cystic teratomas typically contain lipid material 
consisting of sebaceous fluid within the cyst cav-
ity or adipose tissue within the cyst wall or the 
dermoid plug.

4.2.3.1 Mature Cystic Teratoma
Mature cystic teratomas or dermoid cysts are 
composed of mature tissue from at least two of 
the three germ cell layers: ectoderm, mesoderm, 
and endoderm. They are typically unilateral 
lesions, with only 10–15% of mature cystic tera-
tomas found in both ovaries (Kurman et al. 2011). 

In the vast majority (88%), mature teratomas are 
unilocular cystic lesions filled with sebaceous 
material. A protuberance, the Rokitansky nodule, 
or dermoid plug projects into the cavity and is the 
hallmark of mature teratomas. It contains a vari-
ety of tissues, often including fat and calcifica-
tions, which represent teeth or abortive bone. Fat 
is detected in over 90%, teeth in 31%, and calci-
fications in the wall in 56% (Buy et al. 1989).

A minority of mature cystic teratomas will 
demonstrate no fat or only small foci of fat within 
the wall or the Rokitansky nodule (Yamashita 
et al. 1994). Yamashita et al. reported that 15% of 
mature teratomas did not show fat within the cys-
tic cavity. Approximately half of these cases dis-
played small amounts of fat within the wall of the 
teratoma or the dermoid plug. In 8% of benign 
teratomas, no fat could be detected (Yamashita 
et al. 1994).

Mature teratomas are usually asymptomatic and 
tend to grow slowly. This is why watchful waiting 
is warranted in older females presenting with 
lesions smaller than 5 cm in size (Caspi et al. 1997). 
Complications encountered are malignant degen-
eration and rupture, and in up to 16% torsion (Rha 
et al. 2004). Malignant degeneration is extremely 

c d

Fig. 19 (continued)
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rare and associated with large size (>10 cm) and 
postmenopausal age. Rupture of a mature teratoma 
can cause acute abdomen due to granulomatous 
peritonitis caused by leakage of the fatty contents 
(Rha et al. 2004). Rarely, giant teratomas are found 
occupying the pelvis and abdomen. Recently ovar-
ian teratoma- associated anti-NDMDAR encephali-
tis has been described. It is a potentially fatal 
disease in young women who clinically present 
with encephalitis caused by an underlying mostly 
with mature teratoma (Acien et al. 2014).

Imaging Findings
Sonographic assessment of mature cystic tera-
tomas may be limited by its variety of appear-
ance. At CT and MRI, however, the diagnosis 
of fat within a cystic mass is pathognomonic for 
a mature cystic teratoma (Figs. 20 and 21). The 
fatty elements display characteristic low CT 
attenuation (−20 to −120 HU). Another typical 
feature on CT is the presence of calcifications 
within the cyst wall or the dermoid plug 
(Fig. 20).

a b

c d

Fig. 20 A spectrum of CT findings in mature cystic teratomas in four different patients (a–d) is displayed. The arrow 
indicates fat  as pathognomonic finding in  this tumor type
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MRI findings include a round or oval, 
sharply delineated lesion with high SI on 
T1-weighted images, and loss of signal on the 
fat-saturated T1-weighted images, or signal 
loss in the out of phase chemical shift sequence. 
This fatty content may display a broad spec-
trum of appearance, including a fat-filled cav-
ity, foci of fat within the lesion or its wall, and 
a fat-fluid interface often representing a float-
ing mass of hair.

On T2-weighted images, the signal may be 
variable, but it tends to be similar to subcutane-
ous fat. Furthermore, chemical shift artifacts in 
the frequency-encoding direction can be 
observed, which confirms the presence of fat 
and differentiates it from hemorrhage. 
Calcification in the wall of or in the dermoid 
plug will often be missed on MRI due to the 
low SI on T1- and T2-weighted images. 
Caution is warranted in DWI because it may be 
misleading due to restricted diffusion (Forstner 
et al. 2016).

Differential Diagnosis
Although hemorrhagic lesions including endo-
metrioma, hemorrhagic cysts, and neoplasm may 
appear similar on the T1-weighted images and 
T2-weighted images, fat-suppressed or chemical 
shift images are most reliable for the differentia-
tion of fat from hemorrhage.

When no or only small amounts of fat are 
present (8%), teratomas are not distinguishable 
from benign cystic ovarian tumors or ovarian 
cancer (Fig. 22) (Rha et al. 2004).

Capsule penetration typically arising from 
the dermoid plug is a sign for malignant trans-
formation of a mature teratoma (Rha et al. 
2004). The rare liposarcoma or immature tera-
toma may contain fat and thus may be indis-
cernible from a teratoma. Immature teratomas, 
however, are extremely rare and occur in the 
first two decades of life. They may occur in 
association with an ipsilateral teratoma in 26% 
and a contralateral teratoma in 10%. However, 
at the time of presentation they are usually very 

a b

Fig. 21 Typical findings of a mature cystic teratoma on 
MRI. A 44-year-old woman complaining about irregular 
menstrual cycle and a suspicious adnexal mass at trans-
vaginal ultrasound. Axial T1-weighted image (a) and 
contrast-enhanced T1-weighted image with fat suppres-
sion (b) at the acetabular level. The cystic structure of the 

right ovary demonstrates hyperintense content with a 
round nodule in the lower part of the cyst (arrow) (a). The 
hypointense content after fat suppression (b) confirms the 
fatty nature of the cyst. At pathology, the round nodule 
corresponded to a hair ball within a mature cystic 
teratoma
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Fig. 22 Mature cystic teratoma with little fat. MRI was 
performed for further characterization of a sonographi-
cally suspicious cystic and solid mass in a 31-year-old 
woman. Coronal T2-weighted image (a), T1-weighted 
image (b), T1-weighted image with fat suppression (c), 
contrast-enhanced T1-weighted image with fat suppres-
sion (d). A multilocular mass with irregular wall thicken-
ing (arrow) (a) arising from the right adnexa is 
demonstrated. Coronal native T1-weighted image (b) 
confirms the cystic nature of the mass. A linear hyperin-
tense portion is located at the lower part of the cyst (white 

arrow). The corresponding coronal fat-suppressed 
T1-weighted image (c) shows vanishing of the hyperin-
tense linear part confirming the presence of a small 
amount of fat in the linear hypointense lower portion of 
the cyst (white arrow). The contrast-enhanced fat- 
suppressed T1-weighted image (c) shows enhancement of 
an irregular wall and septa (arrowheads) corresponding to 
the Rokitansky nodule of a mature cystic teratoma with 
little fat. Contrast enhancement of the mural protrusion of 
a mature cystic teratoma can be mistaken for ovarian 
cancer
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large, are predominantly solid or cystic and 
solid, and contain only few foci of fat (Heifetz 
et al. 1998).

4.2.3.2 Monodermal Teratoma
Monodermal teratomas are composed mainly of 
one tissue type. They include struma ovarii, ovar-
ian carcinoid tumors, and tumors with neural 
differentiation.

Struma ovarii is the most common type and 
accounts for 3% of all mature teratomas (Matsuki 
M 2000). It consists predominantly or solely of 
mature thyroid tissue. A mixed morphology with 
acini filled with thyroid colloid, hemorrhage, 
fibrosis, and necrosis is found. Rarely struma 
ovarii may produce thyrotoxicosis.

Carcinoid tumors are frequently associated with 
a mature cystic teratoma or a mucinous ovarian 
tumor. Unlike most cystic teratomas, they are pre-
dominantly found in postmenopausal women. The 

course is usually benign; there is a small subset of 
carcinoid tumors and of struma ovarii that are 
malignant. Carcinoid syndrome is uncommon.

Imaging Findings
On CT and MRI, a struma ovarii displays as a 
heterogeneous complex mass (Fig. 23). They 
present as cystic lesions or with a multilocular 
appearance with loculi displaying high signal 
intensity on T1 and T2, some with low signal 
intensity on T1- and T2-weighted images on 
MR. Fat is not seen in struma ovarii. Carcinoid 
tumors are solid tumors indistinguishable from 
solid ovarian malignancies.

4.2.4  Benign Sex Cord-Stromal 
Tumors

Sex cord-stromal tumors include neoplasms that 
are composed of granulosa cells, theca cells, and 
their luteinized derivates, including Sertoli cells, 

a b c
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Fig. 23 Struma ovarii in a 49-year-old patient. (a) 
Sagittal T2-weighted image; (b) axial T2-weighted image; 
(c) axial T1-weighted image; (d) axial T2-weighted 
image; (e) axial fat-suppressed gadolinium-enhanced 
T1-weighted image. T1- and T2-weighted images show a 
multiloculated cystic mass in the right ovary, with locules 

of variable signal intensity. There are locules showing 
high signal both on T1- and T2-weighted images and low 
signal fat-suppressed gadolinium-enhanced T1-weighted 
images that are consistent with fat (arrows). Note the typi-
cal locules with low T2-weighted signal due to the pres-
ence of colloid content (dashed arrows)
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Leydig cells, and fibroblasts of gonadal stromal 
origin (Young and Scully 2002). They present 
rare tumors that differ from epithelial neoplasm 
due to their hormonal activity (Horta and Cunha 
2015). Sex cord-stromal tumors have recently 
been classified as pure stromal tumors, pure sex 
cord tumors, and mixed sex cord-stromal tumors 
(Kurman et al. 2014).

Among the pure stromal tumors fibroma and 
thecoma account for the vast majority of benign 
sex cord-stromal tumors.

4.2.4.1 Fibroma and Thecoma
Fibromas and thecomas are solid ovarian tumors 
accounting for 3–4% of all ovarian tumors and 
10% of solid adnexal masses. They are typically 
unilateral (90%) and occur in peri- and post-
menopausal age women. Histologically they 
present the majority of sex cord-stromal tumors.

Fibromas are composed mostly of fibroblasts 
and spindle cells and abundant collagen contents. 
Fibromas are not hormonally active. The triad of 
an ovarian fibroma, ascites, and pleural effusion 
constitutes the benign Meigs syndrome, which 
can be associated with elevated CA-125 levels 
(Timmerman et al. 1995). In basal cell nevus syn-
drome, numerous basal cell carcinomas are 
 associated with abnormalities of bones, eyes, 

brain, and tumors, including ovarian bilateral 
fibromas.

Thecomas are composed of thecal cells with 
abundant and varying amounts of fibrosis and may 
rarely contain dense amorphous calcifications. 
Unlike fibromas, 60% of thecomas have estrogenic 
activity and may present with uterine bleeding. 
Furthermore, in more than 20%, endometrial carci-
nomas occur concomitantly (Outwater et al. 1997).

Imaging Findings
Small fibromas and thecomas are solid tumors 
with imaging features similar to nondegenerative 
uterine leiomyomas on CT and MRI (Figs. 24 
and 25). They display intermediate to low SI on 
T1-weighted images and typically very low SI or 
low SI with intermediate SI on the T2-weighted 
images on MRI (Fig. 25). Large lesions may have 
an inhomogeneous architecture with areas of 
high signal intensity within the solid low signal 
intensity lesion, representing edema or cystic 
degeneration (Chung et al. 2015). They had in 
40% atypical features with mixed solid/cystic 
and predominantly cystic morphology and dis-
played high SI on T1 and T2WI in almost half of 
the cases. Small amounts of ascites were a com-
mon finding (Chung et al. 2015). Another feature 
is dense amorphous calcifications, which are  

a b

Fig. 24 Ovarian fibroma on CT. Transaxial pelvic CT at 
the uterine level (a) and above (b) in a 55-year-old woman 
with abdominal fullness. A large lesion (asterisk) is found 
in the mid pelvis above the level of the uterus and bladder 
(b). It is well demarcated and displays a slightly inhomo-

geneous solid structure. Contrast enhancement is dis-
tinctly less than that of the myometrium (arrow). No 
calcifications were found throughout the lesion. Minimal 
ascites was seen. Histopathology revealed a 9 cm fibroma 
of the left ovary
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easily detected on CT. Fibromas and thecomas 
tend to show mild or delayed contrast enhance-
ment and typically a type 1 time intensity pattern. 
They may also display a type 2 time intensity 
curve. Rarely cellular fibromas may be found, 
which tend to be well vascularized and have a 
low malignant potential (Horta and Cunha 2015) 
(Fig. 26). Low SI on the high b value in DWI 
allows the exclusion of malignancy in solid 
adnexal masses (Thomassin-Naggara et al. 2009). 
Ascites may be present and even large amounts 
are no sign of malignancy.

4.2.4.2 Sclerosing Stromal Tumor
Sclerosing stromal tumor of the ovary is a rare 
subtype of sex cord-stromal tumors. It is a benign 
tumor affecting most commonly young girls and 
women younger than 30 years of age, which is 
much earlier in other stromal tumor types 
(Matsubayashi et al. 1999; Palmeiro et al. 2016). 
Macroscopically, these tumors display peripheral 

edematous ovarian cortical stroma surrounding 
nodular highly vascular cellular components 
(Matsubayashi et al. 1999; Palmeiro et al. 2016). 
Some of these tumors may have an estrogenic 
effect and rarely androgenic effects, which cause 
prolonged menstrual irregularities or pelvic pain. 
Ascites may be rarely found.

Imaging Findings
Sclerosing stromal tumors of the ovary tend to 
be unilateral well-encapsulated multiloculated 
cystic or heterogeneous ovarian lesions with a 
characteristic centripetal contrast enhancement 
pattern (Fig. 27). On T1- and T2-weighted 
images, a thin low-intensity rim representing a 
capsule is seen. On T2-weighted images, in the 
periphery an irregular low-signal-intensity rim 
is found adjacent to a very bright more central 
portion, which has a nodular appearance. On 
dynamic imaging, the arterial phase shows 
minimal contrast uptake, whereas in the venous 

a b c

d e f

Fig. 25 A 67-year-old patient with a right ovarian the-
coma. (a) Transvaginal ultrasound image; (b) axial 
T2-weighted image; (c) axial T1-weighted image; (d) fat- 
saturated axial gadolinium-enhanced T1-weighted image; 
(e) axial diffusion-weighted image (b = 1000 s/mm2); (f) 

axial ADC map. Ultrasound image shows a right homoge-
neous vascularized solid mass. T2-weighted image shows 
a solid intermediate signal lesion. The lesion displays low 
signal intensity on T1-weighted image, only moderate 
contrast uptake, and restricted diffusion (arrows)
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phase high contrast uptake and a pseudolobular 
pattern are seen. Slow centripetal progression 
on delayed images has been described as a typ-
ical imaging feature (Matsubayashi et al. 
1999).

4.2.5  Brenner Tumors
Brenner tumors are rare ovarian tumors that 
occur at a mean age of 50 years. Brenner tumors 
constitute 1–3% of ovarian tumors. They are 
mostly benign, with less than 2% demonstrating 
borderline or malignant transformation. They are 
typically small, solid, unilateral ovarian tumors, 
with 60% of these tumors found fewer than 2 cm 
in size. Extensive calcification may be found. 
The vast majority is discovered incidentally in 
pathologic specimen of the adnexa. Brenner 
tumors rarely produce estrogen, and then they 
may be associated with endometrial thickening 
(Moon et al. 2000). If cystic components are 
found in Brenner tumors, they may be associated 

with cystadenomas (Seidman et al. 2002). Up to 
20% of Brenner tumors are associated with muci-
nous cystadenomas or other epithelial neoplasm 
(Fig. 28).

4.2.5.1 Imaging Findings
The typical finding of Brenner tumors is a small 
solid tumor that displays very low SI on the 
T2-weighted images (Moon et al. 2000). Dense 
amorphous calcifications in a small solid ovar-
ian tumor are a typical CT finding. In one series 
of eight Brenner tumors, the mean size was 
11.5 cm, and tumors displayed a mixed solid 
and cystic appearance in half of the cases, which 
mimicked ovarian cancer (Moon et al. 2000). 
The combination of a multiseptate ovarian 
tumor with a solid part displaying extensive cal-
cifications on CT or very low SI on MRI may 
suggest the diagnosis of a collision tumor of 
Brenner tumor and a cystic ovarian neoplasm, 
e.g., cystadenoma (Fig. 28).

a b
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Fig. 26 Cellular fibroma of the right ovary in a 60-year- 
old patient. (a) Axial T2-weighted image; (b) axial 
oblique T2-weighted image; (c) axial oblique diffusion- 
weighted image (b = 1000 s/mm2); (d) axial oblique ADC 

map; (e) fat-saturated axial oblique gadolinium-enhanced 
T1-weighted image. On T2-weighted images the interme-
diate signal intensity of the cellular fibromas is shown (a) 
and (b)
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4.2.5.2 Differential Diagnosis
The solid morphology and the very low SI on the 
T2WI of fibromas and thecomas are fairly char-
acteristic. Pedunculated uterine leiomyomas and 
leiomyomas of the broad ligaments can display 
similar imaging characteristics. Subserosal 
pedunculated leiomyomas can be discriminated 
by the bridging vascular sign. Unilateral or bilat-
eral ovarian leiomyomas are extremely rare and 

cannot be reliably differentiated by imaging. 
High-contrast media uptake in such a lesion 
might suggest ovarian leiomyoma (Yoshitake 
et al. 2005). Fibromas with large central necrotic 
area mimic malignant ovarian masses, especially 
Krukenberg tumors. DWI and most importantly 
DCE will allow the differentiation in the majority 
of cases (see Chap. 66). Dense amorphous calci-
fications in CT support also the diagnosis of 
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Fig. 27 Sclerosing stromal tumor of the left ovary in an 
18-year-old patient. (a) Axial T2-weighted image; (b) 
axial T1-weighted image; (c) sagittal T2-weighted image; 
(d) axial fat-suppressed gadolinium-enhanced T1-weighted 
image. T2-weighted images show a left ovarian mass with 

a pseudolobular spoke-wheel pattern that is characterized 
by outer hypointense solid component (arrows) and a cen-
tral intermediate signal intensity area (dashed arrows). 
The outer solid component shows avid enhancement after 
gadolinium administration (arrowhead)
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a b

c d

Fig. 28 Large Brenner tumor with mucinous portion. 
A 75-year-old woman presenting with a large suspi-
cious pelvic mass at ultrasound and moderate increase 
in CA-125 level. Axial T2-weighted image (a), sagittal 
T2-weighted image (b), sagittal T1-weighted image (c), 
sagittal T1-weighted image with fat suppressed. (d). A 
cystic mass with a solid hypointense anterior portion is 
demonstrated (a). Ovarian parenchyma with two folli-
cles is seen at the left anterior side (arrow). The small 
uterus (arrow) is identified below the left ovarian mass 
(b). The interface between the cystic and solid portion 
of the mass is regular. Sagittal T1-weighted image (c) 

shows absent blood within the cyst except for two blood 
vessels seen within the solid portion of the mass and the 
anterior myometrium (arrows). At the same level as (b) 
and (c) contrast- enhanced T1-weighted image with fat 
suppression (d) shows heterogeneous decreased con-
trast enhancement of the solid portion of the cyst (white 
arrow) compared to the strongly enhancing myome-
trium (black arrow). Histology after hysterectomy and 
bilateral oophorectomy diagnosed a benign Brenner 
tumor of the left ovary with an associated benign muci-
nous portion
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 stromal tumors. Small calcified solid tumors 
favor the diagnosis of Brenner tumors. Unlike in 
benign stromal tumors, calcifications in ovarian 
cancer tend to be small punctuating foci, the so-
called psammoma bodies.

Sclerosing stromal cell tumors have a pathog-
nomonic centripetal contrast media uptake. 
Morphologically, they may resemble Krukenberg 
tumors, but young age is characteristic of this 
entity.

5  Functioning Ovarian Tumors

Clinical and imaging findings may lead to the 
diagnosis of a functioning ovarian tumor.

The imaging findings comprise an ovarian 
mass, but also indirect findings as abnormali-
ties of the uterus with uterine enlargement, a 
thickened endometrium in pre- and postmeno-
pausal women, abnormal bleeding, features of 
virilization, or endocrinologic symptoms 
(Tanaka et al. 2004).

Sex cord-stromal tumors account for the 
majority of functioning ovarian tumors. These 
benign masses as well as neoplasms of low 
malignant potential account for the majority of 
estrogen-producing tumors. Granulosa cell 
tumors and thecomas are the most common 

estrogen-producing tumors (Fig. 29). Some 
mucinous cystadenomas and rarely ovarian can-
cer and metastases may also produce estrogens 
(Young and Scully 2002). In the majority of 
women of reproductive age, virilization is associ-
ated with the benign polycystic ovaries syndrome 
(PCOS). Virilizing ovarian tumors are rare and 
present mostly solid ovarian tumors (Fig. 30). 
Sertoli-Leydig cell tumors are typically found in 
young women and account for two-thirds of these 
tumors causing hirsutism or virilization. In 
middle- aged women, steroid cell tumors can 
cause virilization and/or Cushing’s syndrome. 
Furthermore, rarely granulosa cell tumors, 
Brenner tumors, and thecomas may also have vir-
ilizing effects.

Thyroid hormones are typically produced in 
struma ovarii in subclinical levels. Hyperthyreosis 
seems to be present in only 25%, and thyrotoxi-
cosis occurs in only 5% of patients with struma 
ovarii (Young and Scully 2002). Primary carci-
noids of the ovary are rarely associated with car-
cinoid syndrome. Metastatic carcinoids involving 
the ovary, however, are associated with carcinoid 
syndrome in 50% of cases. Benign and malignant 
mucinous ovarian tumors may produce gastrin 
within the cyst wall and present clinically with 
Zollinger-Ellison syndrome (Garcia-Villanueva 
et al. 1990).

Fig. 29 Granulosa cell 
tumor. A 52-year-old 
female with a history of 
hysterectomy and 
unilateral oophorectomy 
for granulosa cell tumors 
several years before. A 
solid and cystic pelvic 
tumor with irregular 
margins displacing 
bowel loops is seen at 
the acetabular level. 
From imaging, it cannot 
be differentiated from an 
ovarian cancer
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6  Ovarian Tumors in Children, 
Adolescents, and Young 
Women

The majority of ovarian masses in children older 
than 9 years and young women are benign and 
include follicular cysts and mature cystic terato-
mas, with fewer than 5% of ovarian malignancies 
occurring in this age group. However, lesions 
with complex architecture should be carefully 
assessed, as 35% of all malignant ovarian neo-
plasms occur during childhood and adolescence. 
This is especially true for children younger than 
9 years, where approximately 80% of ovarian 
neoplasms are malignant (Norris and Jensen 
1972). A solid ovarian mass in childhood should 
also be considered malignant until proven other-
wise by histology (Laufer 2017). Differential 
diagnosis includes dysgerminoma, neuroblas-
toma rhabdomyosarcoma, lymphoma, and non-
genital tumors in the pelvis. Some ovarian 
neoplasms occurring in this age group excrete 
protein tumor markers, which may aid in diagno-
sis and follow-up. They include alpha- fetoprotein, 

which is produced by endodermal sinus tumors, 
mixed germ cell tumors, and immature terato-
mas, lactate dehydrogenase, which is secreted by 
dysgerminomas, and human chorionic gonado-
tropin, which is elevated in pregnancy and 
pregnancy- related tumors and in embryonal ovar-
ian carcinomas (Laufer 2017). Torsion is a spe-
cial problem in children and young adults 
presenting with an ovarian mass. Ovarian masses 
associated with torsion present benign cystic 
lesions (Fig. 31) with a size greater than 5 cm 
seem to be under a high risk for torsion (Cass 
et al. 2001). In children also normal ovaries may 
undergo torsion. Acute pelvic pain is the main-
stay in the differential diagnosis of a torsed ovary; 
however, imaging findings may sometimes be 
subacute and misleading and simulate a malig-
nant ovarian tumor.

Ovarian cysts are uncommon before puberty. 
Most of these are physiologic follicular cysts that 
will resolve spontaneously. Some ovarian cysts 
may be hormonally active and result in preco-
cious pseudopuberty, e.g., in McCune-Albright 
syndrome (Frisch et al. 1992). Ovarian cysts are 

a b c

d e

Fig. 30 A 63-year-old patient with a left steroid cell 
tumor (former stromal luteoma) presenting with hirsut-
ism. (a) Axial T2-weighted image; (b) axial T1-weighted 
image fat; (c) saturated axial gadolinium-enhanced 
T1-weighted image; (d) axial diffusion-weighted image 

(b = 1000 s/mm2); (e) axial ADC map. Images show a 
small solid tumor that on T2-weighted images is hyperin-
tense to the ovarian stroma. There is enhancement of the 
lesion as well as restricted diffusion (arrows)
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extremely common between puberty and 18 
years of age. Most of these cysts are functional 
ovarian cysts and may attain a size of up to 
8–10 cm. In this age group, paraovarian or meso-
thelial cysts, hydrosalpinx, and obstructive geni-
tal lesions may also simulate cystic ovarian 
lesions. Germ cell tumors account for half to two- 
thirds of the tumors in girls up to 18 years; they 
present 70% of ovarian tumors in the age between 
10 and 30 years (van Winter et al. 1994). The vast 
majority is unilateral and present benign terato-
mas. Only 3% of ovarian germ cell tumors are 
malignant. Dysgerminomas account for approxi-
mately 50% of the malignant germ cell tumors in 
adolescents and young adults and are followed by 
endodermal sinus tumors (20%) and immature 
teratomas (19%) (van Winter et al. 1994). As in 
many ovarian malignancies, rapid growth is a 
typical finding; however, bilateral manifestation 
is more common in dysgerminomas than in other 
malignant germ cell tumors. Juvenile granulosa 
cell tumors are stromal cell tumors of low malig-
nant potential, which occur before the age of 30. 

Rarely, they develop before puberty and may 
become clinically apparent as precocious puberty. 
Immature teratomas are commonly associated 
with a mature teratoma; they comprise 1% of all 
teratomas and occur most commonly in the first 
two decades of life. Tumor markers are usually 
negative.

7  Adnexal Masses 
in Pregnancy

Adnexal masses have been reported to occur in 
1–2% of pregnancies (Chiang and Levine 2004). 
Most of these masses are found incidentally, present 
functional cysts and will disappear during the first 
16 weeks of pregnancy (Hermans et al. 2003). The 
incidence of ovarian cancer associated with a per-
sistent adnexal mass varies from 3% to 5.9%. In a 
retrospective analysis of 60 adnexal masses during 
pregnancy, 50% included mature cystic teratomas, 
20% cystadenomas, 13% functional ovarian cysts, 
and 13% malignant tumors. Among the latter, six 

a b c

d e

Fig. 31 Right ovarian torsion in a 10-year-old girl. 
Sagittal T2-weighted image (a), axial T2-weighted image 
(b), coronal T2-weighted image (c), axial T1-weighted 
image (d), axial T1-weighted image with FS (e). Common 
findings are somewhat nonspecific and include an adnexal 
mass that may be in the midline, rotated toward the con-
tralateral side of the pelvis; deviation of the uterus to the 
side of the affected ovary (e); and ascites. An enlarged 
right ovary with peripheral cysts (up to 1 cm in diameter) 

and no evidence of blood flow is seen. A small amount of 
pelvic free fluid is also noted. A beaked protrusion at the 
periphery of the affected ovary, a finding consistent with 
engorged blood vessels (arrow) (a) and absence of 
enhancement (e) can be observed. At surgery, the ovary 
was hemorrhagic and necrotic, appearing with a 360° 
twist of the pedicle. At pathologic analysis, a congested 
hemorrhagic ovary with no normal ovarian tissue was 
identified
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out of eight were tumors of low malignant potential, 
and all malignant lesions were FIGO stage IA 
tumors (Sherard et al. 2003). The management of 
an adnexal mass during pregnancy depends on the 
size, sonomorphologic criteria, and gestational age. 
MRI offers incremental benefit in diagnosing exo-
phytic leiomyomas, atypical mature cystic terato-
mas, and in assessing distant spread in frankly 
malignant adnexal masses (Telischak et al. 2008). 
Well-vascularized adnexal masses that are preg-
nancy related include  decidualized endometriomas 
and pregnancy luteomas. These may mimic malig-
nancy, but clinical background combined with US 
and MRI may suggest the correct diagnosis and 
warrant a follow-up (Telischak et al. 2008; Tannus 
et al. 2009). Pain or an acute abdomen should alert 
to complications due to hemorrhage, rupture, and 
torsion of the adnexal mass or nongynecological 
pelvic conditions.
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Abstract

Pelvic MR imaging is the best second-line 
 technique to characterize indeterminate or 
complex adnexal masses detected at transvag-
inal ultrasonography. The aim of this text is to 
explain the added value of MR and CT in the 
diagnostic management of a slightly symp-
tomatic indeterminate or complex adnexal 
mass. The objectives of this chapter are to 
describe the place of MR imaging and CT 
imaging and to learn how to combine features 
from morphologic and functional sequences 
to accurately diagnose an adnexal mass.

The analysis is divided into two steps: The 
first step is to estimate the risk of malignancy 
based on the ADNEX MR Scoring system or 
EURAD score and the second step is to sug-
gest an histopathological hypothesis combin-
ing EURAD score with the age of the patient 
and the morphology of the tumor.

1  Introduction

Pelvic MR imaging is the best second-line tech-
nique to characterize indeterminate or com-
plex adnexal masses detected at transvaginal 
ultrasonography.

In clinical routine, there are two very different 
circumstances for detecting these masses at ultra-
sonography. The first situation is the context of 
acute or subacute pelvic pain and the second one 
is incidental finding of an adnexal mass during 
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the assessment of a nonspecific symptom such as 
bleeding, chronic pelvic pain, or infertility.

In this chapter, we are not going to develop the 
first clinical situation which will be covered in 
the “Acute and chronic pelvic pain disorders” 
chapter about pelvic inflammatory disease and 
adnexal torsion. The aim of this text is to explain 
the added value of MR and CT in the diagnostic 
management of a slightly symptomatic indeter-
minate or complex adnexal mass.

The objectives of this chapter are to describe 
the place of MR imaging and CT imaging and to 
learn how to combine features from morphologic 
and functional sequences to accurately diagnose 
an adnexal mass.

2  Part 1: MR Imaging 
in Diagnostic Pathway

2.1  Context

Most of the medical imaging publications recom-
mend MR imaging to characterize complex adnexal 
masses without any consensus on the definition of 
the word “complex”. Despite a high level of evi-
dence on the performance of MR imaging in this 
issue, many clinicians perform laparoscopy just 
based on ultrasonographic features. However, recent 
data on the impact of ovarian surgery on fertility are 
modifying the practices and render MR imaging use-
ful especially to obtain criteria to avoid unnecessary 
surgery in patients with benign lesions (Buys et al. 
2005). Another significant impact of MRI is the pos-
sibility to plan the surgical procedure time and then 
to improve the organization of our overloaded the-
ater schedule. The surgeon needs to correctly plan 
the surgery and also to inform the patient of the pos-
sibility and the risks to discover unexpected lesions 
during the surgery. That’s why we perform more and 
more MR imaging in this indication.

2.2  Which Lesions Should 
Be Assessed with MR 
Imaging?

MR imaging is a second-line technique after ultra-
sonography which is the first imaging technique to 

assess pelvis abnormalities. More than 70% of 
adnexal masses are accurately identified using 
transvaginal ultrasonography with color Doppler. 
According to the literature, even using accurate 
ultrasonographic models, 20–25% of adnexal 
masses remain indeterminate after ultrasonography 
and need further examination (Kinkel et al. 2005).

To approach the definition of a complex 
adnexal mass, pattern recognition analysis or 
simple rules, which are currently the most reli-
able model published until now, can be used 
(Brun et al. 2014).

2.2.1  Indications According 
to Ultrasonographic Patterns

The main ultrasonographic patterns are divided 
into the following six categories:

US pattern 1: Simple cyst (i.e., unilocular 
anechoic cyst without solid component)

US pattern 2: Nonsimple cyst (i.e., unilocular 
echoic cyst without solid component)

These two first US patterns are included in the 
first categories of International Ovarian Tumor 
Analysis group classification named “Unilocular 
cyst” (Buys et al. 2005). This group includes the 
tubal benign abnormalities like hydrosalpinx, 
hematosalpinx, and the different echoic signal 
like “ground glass,” “hemorrhagic content,” and 
“mixed content.”

US pattern 3: Bi- or multilocular cyst (i.e., bi- 
or multilocular cyst without solid component)

US pattern 4: Cyst with papillary projections
US pattern 5: Mixed heterogeneous mass
IOTA classification groups these two last pat-

terns in the groups “unilocular solid” or “multiloc-
ular solid”. In these two categories, there is a cystic 
and a solid component in the described lesion.

US pattern 6: Enlarged ovaries (including 
purely solid mass than means more than 80% of 
solid component in the lesion)

These last three patterns require an ultrasono-
graphic characterization of their solid component 
looking for acoustic shadowing, irregularity of 
the margins, and feature of the Doppler flow. 
These elements are usually inadequate to accu-
rately predict the risk of malignancy.

Therefore, MR imaging can be performed in 
the cases with US pattern 4, 5, or 6 to suggest a 
histopathological diagnosis. In pattern 3, MR 
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imaging allows to exclude a solid component and 
to characterize the different cystic components and 
it also helps to approach a histological diagnosis.

On the contrary, in categories 1 and 2, MR 
imaging has a very low added value except if 
the lesion is very large. Indeed, if an echoic cyst 
is larger than 7 cm or an anechoic cyst is larger 
than 10 cm, MRI is better to exclude a small solid 
component distant from the endovaginal probe 
that could be missed. MRI is also efficient to 
evaluate any associated findings such as deep pel-
vic endometriosis associated with endometrioma.

2.2.2  Indications According to Simple 
Rules

The simple rules described by IOTA group con-
sist in dividing ten sonographic features in two 
groups: benign features (B features) and malig-
nant features (M features) (Table 1).

When at least one B feature is found and no M 
feature, the lesion is considered as benign 
whereas when at least one M feature is found and 
no B feature, the lesion is considered as malig-
nant. When both B and M features are found, the 
lesion is considered as indeterminate as well as 

when none B or M features is found. Applying 
these rules, in the group of indeterminate lesion, 
the risk of malignancy is 40% and MR imaging is 
warranted (Timmerman et al. 2010).

Recently, Timmerman et al. reviewed the level 
of risk according to the simple rules’ categories 
publishing a model of prediction of malignancy 
on a population of 4848 patients with a preva-
lence of malignancy of 34.3% (1665/4848) 
(Timmerman et al. 2010). This new publication 
suggests that the lesions categorized with an 
“intermediate risk” (i.e., risk of 8.3%) may also 
be referred for MR imaging to obtain additional 
findings to predict benignity (Table 2).

2.3  Why MR Imaging Is Useful 
to Characterize Adnexal 
Masses?

Adnexal masses usually have multiple cystic and 
solid components. If the cyst is anechoic, ultraso-
nography is accurate to diagnose simple fluid 
(water-like appearance). If the mass is echoic, the 
presence of positive Doppler Flow allows 
 identifying solid components. But the presence 
of solid component does not correspond to malig-
nancy whereas the absence of positive Doppler 
Flow does not help to distinguish hypovascular 
solid components from nonsimple fluid lesions. 
The motion of the echos and the presence of a 
fluid level are in keeping with a nonsimple cyst. 
However in this type of mass, a solid tissue can 
be difficult to exclude.

Using pelvic MR imaging, the absence of con-
trast enhancement in an adnexal mass allows to 
exclude the presence of solid tissue if the spatial 
resolution is thin enough (< or =3 mm). Moreover, 

Table 1 Simples rules (Timmerman et al. 2010)

Benign features Malignant features

B1 Unilocular cyst M1 Irregular solid tumor

B2 Solid components 
present but <7 mm

M2 Ascites

B3 Acoustic shadows M3 At least four papillary 
structures

B4 Smooth 
multilocular tumor 
with largest diameter 
<100 mm

M4 Irregular multilocular 
solid tumor with largest 
diameter > or equal to 100 mm

B5 No blood flow M5 Very strong color Doppler

Table 2 Risk of 
 malignancy of US lesions 
according the simples rules 
(Timmerman et al. 2010)

Simple rules descriptors PPV of malignancy

Very low risk No M feature ⋯ + ⋯ >2B features 0.6% (1/175)

Low risk No M feature ⋯ + ⋯ 2B features
No M feature ⋯ + ⋯ B1 feature

1.3% (20/1560)

Intermediate risk No M feature ⋯ + ⋯ 1B feature 
(except B1)

8.3% (60/722)

Elevated risk No features
Equal number of M and B features
More B than M features present

41.1% (451/1096)

Very high risk More M than B features present 87.5% (1133/1295)

p<0.05

Adnexal Masses: Characterization of Benign Adnexal Masses
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the combination of T2W, T1W, DW, and T1W 
after intravenous injection of chelates of gado-
linium allows recognizing most cystic compo-
nents seen in adnexal masses. The addition of 
DW and DCE MR imaging is reliable to charac-
terize solid components distinguishing between 
benign, borderline, and invasive malignant tissue. 
By definition, a solid tissue enhances after gado-
linium injection. However, any internal enhance-
ment does not correspond to solid tissue. A solid 
tissue includes solid papillary projection, irregu-
lar septa, mural nodule, and purely solid mass 
(Thomassin-Naggara et al. 2013). Smooth septa 
whatever the thickness is considered as solid 
component but not solid tissue.

Thus, MR imaging analysis is performed in 
two steps: the first step evaluates the risk of 
malignancy and the second step addresses the 
histopathological type of ovarian or tubal tumors.

3  Part 2: MR Protocol and Keys 
for Analysis

3.1  Step 1: Prediction of the Risk 
of Malignancy

When a pelvis mass is discovered, the first step is 
to determine its origin. Thus, normal ipsilateral 
ovarian parenchyma needs to be identified either 
as a crescent at the periphery of the mass or in a 
different site distant from the pelvic mass (sug-
gestive of an extra-ovarian origin). If no ovarian 
parenchyma is visible, we should look for the 
ovarian pedicles to find the location of ovarian 
fossae and verify if the ovarian pedicle is adja-
cent to the mass. That’s why the MR protocol 
should include an anatomical lombo-pelvic 
sequence with slices from the mid-kidneys to the 
pubal symphysis which is best performed with a 
T2W sequence. Moreover, a sagittal T2W 
sequence is recommended to evaluate the mass 
and its relationship with the uterus. At the end, 
when a tubal origin is suspected, coronal views in 
T2WI are useful to confirm this hypothesis.

The absence of solid tissue is a main fea-
ture to suggest a low risk of malignancy (<5%) 
(Thomassin-Naggara et al. 2013). By definition, 

a solid tissue enhances after gadolinium injection 
but any internal enhancement does not always 
correspond to solid tissue. Indeed, smooth septa 
are not considered as solid tissue. This feature is 
included in the expression “solid component” but 
not considered as solid tissue. Thus, a solid com-
ponent groups unenhanced elements, such as clots 
and debris, and enhanced tissue including smooth 
septa and solid tissue. Solid tissue corresponds 
to irregular septa, solid papillary  projection 
(>3 mm), mural nodule, and purely solid mass.

In our experience, unilocular cyst with solid 
tissue with a simple fluid content, or endometri-
otic contents or fatty contents have a very low 
risk of malignancy (<2%). A unilocular cyst with 
another type of fluid content has also a low risk of 
malignancy (<5%).

A bi- or a multilocular cyst without solid tis-
sue again has a low risk of malignancy (<5%).

When a solid tissue is detected, the analysis 
of T2W signal, DW signal, and DCE MR signal 
within the solid tissue is useful. A solid tissue in 
low T2W signal and low DW signal has a very low 
risk of malignancy (<2%) (Thomassin-Naggara 
et al. 2013). If a solid tissue displays either an 
intermediate T2W signal or a high signal on 
DW sequence, time intensity curves comparing 
solid tissue to adjacent external myometrium are 
useful (Thomassin-Naggara et al. 2013). If the 
solid tissue enhances according to a type 1 time 
intensity curve, the PPV of malignancy is <5%. 
If the solid tissue enhances according to a type 
3 time intensity curve, the PPV of malignancy 
is higher than 95%. If the solid tissue enhances 
according to a type 2 time intensity (Thomassin-
Naggara et al. 2013). In our experience, less than 
15% of the lesions remain indeterminate. Thus, 
an MR classification has been developed named 
ADNEX MR Score which is under European 
validation (EURAD study) (Table 3).

3.2  Step 2: Prediction 
of the Histopathological 
Diagnosis

If the first step is feasible by any junior radiolo-
gist or a general radiologist, this second step 
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requires deeper knowledge of functional and 
organic ovarian lesions. The analysis is based on 
the clinical history and the different MR param-
eters useful to analyze cystic and solid compo-
nents characteristics, the shape, the wall, and the 
size of the lesion. Sometimes, the differentiation 
between functional and organic cysts is difficult 
and ultrasonographic follow-up helps to the make 
the differential diagnosis.

As for ultrasonography, we differentiate the 
following six categories of MR features:

MR pattern 1: Simple cyst
Simple cyst corresponds to a unilocular cyst 

lesion without internal enhancement with a fluid 
content that presents a low T1W signal, a high 
T2W signal, a low DW signal and a high ADC 
(Fig. 1). Nonspecific cyst, serous cystadenoma, fol-
licular cyst, pseudo peritoneal cyst, and hydrosal-
pinx are usually classified in this pattern (Table 4).

Table 3 ADNEX MR score or EURAD score 
(Thomassin-Naggara et al. 2013)

PPV of 
malignancy

Score 1 No adnexal mass 0%

Score 2 Unilocular simple cyst or tube
Endometriotic lesion, no 
internal Gd+
Fatty lesion, no solid tissue
No wall enhancement
Solid tissue in low T2W and 
low DW signal

<2%

Score 3 Unilocular nonsimple cyst 
(excl. fatty and endometriotic)
Multilocular cyst, no solid 
tissue
Solid tissue with TIC type 1

<5%

Score 4 Solid tissue with TIC type 2 5–95%

Score 5 Solid tissue with TIC type 3
Peritoneal implants

>95%

A lesion with a solid tissue corresponds to MR categories 
4, 5, and 6

a

c

b

Fig. 1 MR pattern 1: Serous benign cystadenoma (a: 
Axial T2W sequence, b: Axial T1W sequence, c: Axial 
T1W sequence after gadolinium injection). Step 1: 
Unilocular cyst without internal enhancement with a fluid 

content in high T2W and low T1W signal corresponding 
to EURAD score 2. Step 2: There is no specific feature 
that helps to distinguish a functional cyst from an organic 
cyst

Adnexal Masses: Characterization of Benign Adnexal Masses
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MR pattern 2: Nonsimple cyst
Nonsimple cyst corresponds to a unilocular 

cyst that has no internal enhancement with a fluid 
content that presents an intermediate or high T1W 
signal, a variable T2W signal, DW signal, and 
ADC maps. The analysis is based on the signal of 
the cystic content before and after fat suppression, 
the presence or the absence of wall enhancement, 
and the signal on the DW sequence (Table 4).

MR pattern 3: Multilocular cyst
In a multilocular cyst, there are smooth septa 

that enhance after gadolinium injection. Smooth 
septa are not considered as solid tissue. On T2W 
sequence, a luteal cyst with fibrinous component 
may look like a multilocular cyst. The difference 
between septa and fibrinous components is the 
presence of septal enhancement.

Septal enhancement is a key feature that helps 
to distinguish septa from fibrinous components 
that do not enhance after contrast media injec-
tion. In that case, the cyst can be considered as 

unilocular indicating the luteal cyst. A lesion 
classified in this pattern “3” does not include any 
solid tissue.

MR imaging is useful in this group either in 
large lesion size or to characterize the cystic 
component owing to the combination of the dif-
ferent MR sequences to suggest a histopathologi-
cal subtype. The different cystic fluid types found 
in ovarian tumors are:
 – Mucin (moderate high T1W signal, intermedi-

ate T2W signal, high DW signal, high ADC 
value)

 – Colloid (very low T2W signal, moderate high 
T1W signal)

 – Blood (high T1W signal with and without fat 
suppression, intermediate T2W signal)

 – Pus (moderate high T2W signal, intermediate 
T2W signal, high DW signal, low ADC value)

 – Fat (high T1W signal that decreases after fat 
suppression) (Fig. 2)
MR pattern 4: Cyst with papillary projections

a

c

b

d

Fig. 2 MR pattern 3: Mature cystic teratoma (a: Axial 
T2W sequence, b: Axial T1W sequence, c: Axial T1W 
sequence with fat suppression, d: Axial T1W sequence 
with fat suppression after gadolinium injection). Step 1: 
Multilocular cyst without solid tissue with a fluid content 

in high T2W, high T1W signal, and low T1 after fat cor-
responding to EURAD score 2. Step 2: The presence of 
fatty content and the absence of colloid suggests a tera-
toma. The absence of protuberance in this case strongly 
suggests a mature cystic teratoma

Adnexal Masses: Characterization of Benign Adnexal Masses
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A papillary projection corresponds to solid tis-
sue and centrally enhances after gadolinium injec-
tion (Fig. 3). This feature is important to distinguish 
a solid papillary projection from a small loculus 
before performing any time intensity curve (cause 
of false positive). Moreover, in tubal distension 

pseudopapillary projections with the same size, 
regularly located on the cystic wall, indicate the 
cogwell sign (Ghattamaneni et al. 2009). A tubular 
shape in another plan may help to diagnose hydro-
salpinx. Final differential diagnosis is a clot that 
does not enhance after gadolinium injection.

a

c

d

e

b

Fig. 3 MR pattern 4: Serous benign cystadenoma (a: 
Axial T2W sequence, b: Axial T1W sequence, c: Axial 
T1W sequence with fat suppression after gadolinium 
injection, d: Axial DWI sequence, e: Axial DCE MR 
sequence). Step 1: Unilocular cyst with solid tissue that 
corresponds to solid papillary projection that displays a 

high T2W signal, low DW signal, and enhances according 
a TIC type 1 corresponding to EURAD score 3 (probably 
benign). Step 2: Unilocular cyst with papillary projection 
higher than 1 mm suggests a serous cystadenoma. Benign 
characteristics suggest a benign serous cystadenoma

I. Thomassin-Naggara et al.



281

The presence of solid papillary projections is 
pathognomonic of the presence of epithelial 
tumors but is not synonymous of a borderline or 
benign lesion. There are two main types of solid 
papillary projections:
 – Larger than 1 mm in size found in serous cyst-

adenomas which displays in benign lesion a 

low T2W and low DW signal and a type 1 
time intensity curve (TIC) and displays in bor-
derline cystadenomas an intermediate T2W 
signal, a high DW signal and a type 2 TIC 
(Fig. 4).

 – Smaller than 1 mm found in borderline muci-
nous cystadenomas. No papillary projection is 

a

c

e

b

d

Fig. 4 MR pattern 4: Borderline serous cystadenoma (a: 
Axial T2W sequence, b: Axial T1W sequence, c: Axial 
T1W sequence with fat suppression after gadolinium 
injection, d: Axial DWI sequence, e: Axial DCE MR 
sequence). Step 1: Unilocular cyst with solid tissue that 
corresponds to grouped solid papillary projections that 

display a high T2W signal, high DW signal, and enhances 
according a TIC type 2 corresponding to EURAD score 4 
(indeterminate). Step 2: Unilocular cyst with papillary 
projection higher than 1 mm suggests a serous cystade-
noma. Suspicious characteristics suggest a borderline 
serous cystadenoma

Adnexal Masses: Characterization of Benign Adnexal Masses
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found in benign mucinous cystadenoma that 
displays only smooth septa.
In this pattern, only unilocular or multilocular cyst 

with solid papillary projections and no other type of 
solid tissue is present (see below in pattern 5).

When solid papillary projections are grouped, 
the distinction with a mural nodule can be diffi-
cult. This is important to distinguish a borderline 
cystadenoma (with solid papillary projections) 
from invasive malignant cystadenocarcinoma 
(mural nodule) when this tissue displays an inter-
mediate T2W signal, a high DW signal, and a 
type 2 TIC. A mural nodule (or “solid portion”) 
corresponds to a pathological thickening of the 
wall due to malignant proliferation and thus an 

obtuse angle with the wall is seen. In contrast, a 
group of papillary projections has an acute angle 
with the wall.

MR Pattern 5: Mixed mass
This pattern corresponds to a large variety of 

tumors that includes both cystic and solid com-
ponents (Fig. 5). The analysis of gadolinium 
enhancement helps identify tumors that truly 
 display a solid portion (echoic cystic portion at 
ultrasonography may look like solid tissue). The 
differential diagnoses are enlisted in detail in 
Table 5 and this category comprises the largest 
number of diagnoses. MR imaging is also useful 
to determine the origin of the tumor and may help 
to recognize a non-ovarian mass.

a

c

b

d

Fig. 5 5 MR pattern 5: Invasive cystadenocarcinoma (a: 
Axial T2W sequence, b: Axial DW sequence, c: Axial 
T1W sequence with fat suppression after gadolinium 
injection, d: Axial DCE MR sequence). Step 1: Mixed 
mass with solid tissue that corresponds to mural nodule 

that displays intermediate T2W signal, high DW signal, 
and enhances according a TIC type 2 corresponding to 
EURAD score 4. Step 2: The morphology, the age of the 
patient (65-year-old woman), and the suspicious findings 
suggest an invasive cystadenocarcinoma

I. Thomassin-Naggara et al.
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MR Pattern 6: Purely solid mass
The initial finding is an enlarged ovary due to 

an ovarian edema that induces an intermediate 
T2W signal, a high DW signal, and a variable 
enhancement. Follicles are located in the periph-
ery of the ovary. The different causes of ovarian 
edema are detailed in Table 5.

When there is a solid mass, the first question 
to answer is the origin of the lesion. The most 
common ovarian solid tumor is fibrothecoma, 
with the differential diagnosis of uterine leiomy-
oma which is the most frequent parauterine mass. 
The other diagnosis are neurogenic tumors such 
as schwannoma (main feature: anterior displace-

Table 5 Adnexal masses with solid tissue

Diagnosis Clinical history Fluid Solid Specific sign

Pattern 4 = cyst with papillary projections

Benign serous 
cystadenoma

40–50 YO Simple Low T2 and DW 
signal/type 1 TIC

Borderline serous 
cystadenoma

40–50 YO Simple Intermediate T2W 
signal/type 2 TIC

Borderline mucinous 
cystadenoma

30–50 YO Loculi of different SI Low T2W signal/High 
DW signal

Large

Pattern 5 = mixed mass

Cystadenofibroma 40–50 YO Loculi of different SI Low T2 and DW 
signal/type 1 or 2 TIC

Ovarian and tubal 
cystadenocarcinoma

Ménopausal 
CA125 +++

Variable according 
pathological subtype

Intermediate T2W 
signal/type 3 TIC

Peritoneal 
implants

Mature cystic teratoma <45 YO Fat Variable None

Metastasis Premenopausal Multilocular Intestinal primary 
tumor (colon)

Tubo ovarian abscess Premenopausal High DW signal with 
low ADC values

Intermediate T2W 
signal/thick wall with 
vascularization

Fatty infiltration

Pattern 6 = purely solid mass

Fibrothecoma 50 YO NA Low T2 and DW 
signal type 1 TIC

Cellular subtype 
intermediate 
T2W signal

Brenner 40–80 YO NA Low T2 and DW 
signal type 1 or 2 TIC

Calcosphérites

Sclerosing stromal tumor 30 YO Low T2 and DW 
signal type 2 TIC 
without wash out

Granulosa  cell tumor 
(young)

30 YO E2 et 
inhibin

NA T2W intermediate 
signal—High DW 
signal type 2 or 3 TIC

Hemorrhagic 
center

Sertoli-Leydig <30 YO NA Similar to granulosa 
cell tumor

Androgenic

Mature solid teratoma <45 YO NA Intermediate T2W 
signal

High T1 signal 
fatty spots

Dysgerminoma 20–30 YO Intermediate T2 
signal—high DW 
signal,  type 2 TIC

Ovarian and tubal 
cystadenocarcinoma

>50 YO Intermediate T2 
signal—high DW 
signal—type 3 TIC

Peritoneal 
implants

Metastasis Premenopausal NA Intermediate T2 
signal—high DW 
signal—type 3 TIC

Breast or stomach 
cancer
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ment of posterior peritoneum), GIST tumor 
(main feature: intense homogeneous enhance-
ment with cystic changes in the center part of the 
lesion), and pelvic lymph nodes (main feature: 
perivascular).

When the lesion is originating from the ovary, 
MR criteria are accurate to differentiate benign 

from malignant tumors but less reliable for tis-
sue characterization (Fig. 6). In this pattern, 
clinical history, biological markers, and CT scan 
are useful (Table 5). CT scan may help to detect 
calcifications which are suggestive of ovarian 
leiomyoma if they are coarse or suggestive of 
Brenner tumor if they are amorphous and central.

a

c

b

Fig. 6 MR pattern 6: Lymphoma (a: Axial T2W 
sequence, b: Axial DWI sequence, c: Axial DCE MR 
sequence). Step 1: Bilateral purely solid masses that dis-
play an intermediate T2W signal, high DW signal, and 
enhance according a TIC type 3 corresponding to EURAD 

score 5 (probably malignant). Step 2: The morphology 
and the score suggest invasive malignancy. The bilateral-
ity and the age of the patient (45-year-old woman) suggest 
either hematological disorder or ovarian metastasis

I. Thomassin-Naggara et al.
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 Conclusion

If ultrasonography remains the first-line 
 investigation, pelvic MR imaging allows to 
optimize complex or indeterminate adnexal 
masses characterization (Fig. 6). In a two step 
analysis, pelvic MR imaging allows to provide 
a risk of malignancy to the clinician indepen-
dently of the reader experience by using a MRI 
score and may also suggest a histopathological 
diagnosis if the reader has a higher expertise. As 
six patterns are defined at ultrasonography, the 
same six patterns may be defined at MR imag-
ing. However, MR imaging will sometimes 
correctly reclassify some lesions misdiagnosed 
at ultrasonography, as echoic structures do not 
always correspond to solid tissue.
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Abstract

Primary ovarian cancer is categorized as surface 
epithelial cancer, germ cell tumors, and sex cord 
stromal tumors.  Epithelial ovarian cancer is 
now understood as a spectrum of different can-
cer entities that vary considerably on a clinico-
pathological and molecular level.  Disseminated 
peritoneal spread and ascites is typical of the 
most common cancer type, high grade serous 
ovarian cancer. Other cancer subtypes may 
show distinct features in imaging.  CT and MRI 
are usually complementary techniques to ultra-
sonography to further  assess indeterminate or 
frankly malignant ovarian lesions. In the latter 
CT is the imaging modality of choice for triaging 
patients with ovarian cancer.  MRI is emerging 
as a new technique to assess peritoneal spread 
and is superior to CT in lesion characterization. 
This chapter will make familiar with recent 
concepts in ovarian cancer.  Typical imaging 
findings and differential diagnostic aspects of 
various types of ovarian malignancies as well as 
the update of the FIGO staging classification and 
respectability criteria will be covered.

Abbreviations

ADC Apparent diffusion coefficient
BT Borderline tumor
CT Computed tomography
DCE Dynamic contrast enhanced
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DWI Diffusion-weighted imaging
IV Intravenous
MRI Magnetic resonance imaging
SI Signal intensity

1  Introduction

The vast majority of ovarian carcinomas are epi-
thelial in origin, accounting for more than 90% of 
the estimated 22,280 new cases of ovarian cancer 
diagnosed in 2016 in the United States (Cancer 
Fact and Figures 2016). Most fallopian tube car-
cinomas and peritoneal carcinomas are now con-
sidered a clinical entity with high-grade serous 
ovarian cancer. While early-stage cancer is often 
curable, advanced-stage ovarian cancer is one of 
the most lethal cancers in women, with a 5-year 
survival of approximately 28% when a patient is 
diagnosed with tumor spread outside the pelvis 
(Clarke-Pearson 2009). Nowadays ovarian can-
cer is understood as a spectrum of different can-
cer entities that vary considerably on a 
clinicopathological and molecular level. Genomic 
profiling may open new approaches of personal-
ized medicine in treatment of ovarian cancer 
(Jayson et al. 2014).

2  Epidemiology and Risk 
Factors

In developed countries, ovarian cancer accounts 
for only 3% of cancer in females, but ranks fifth 
in cancer mortality, and is the leading cause of 
death among the gynecological cancers (Cancer 
Fact and Figures 2016). It is estimated that one 
woman in 75 will develop ovarian cancer, and 
one woman in 100 will die of the disease. Ovarian 
cancer is often clinically silent and about 75% of 
women present with advanced stages.

The incidence rate of ovarian cancer is higher 
in White women than in Black or Asian women 
and differs across the world (Cancer Fact and 
Figures 2016). The strongest patient-related risk 
factors for ovarian cancer are family history and 
increasing age. The vast majority of epithelial 
ovarian carcinomas are diagnosed in the post-
menopausal period, with more than half of the 

cases diagnosed in the UK are females aged 
65 years or older (Ovarian Cancer Statistics).

In patients with genetic predisposition, ovarian 
cancers occur approximately 10 years earlier 
(Jayson et al. 2014). In females younger than 
20 years of age, germ cell tumors account for 
more than two-thirds of malignant ovarian tumors. 
Prolonged times of uninterrupted ovulations seem 
to play a role in the development of ovarian can-
cer. Infertility, nulliparity, late menopause, early 
menarche, polycystic ovary syndrome, endome-
triosis, and cigarette smoking harbor an increased 
risk of ovarian cancer (Carlson 2016).

2.1  Familial or Hereditary Ovarian 
Cancers

Genetic, reproductive, and environmental factors 
have been identified to play a role in the develop-
ment of ovarian cancer. Approximately 5–15% of 
ovarian cancers are considered hereditary can-
cers. Families with three or more first-degree 
relatives with ovarian and/or ovarian and breast 
cancer carry a substantially (16–60%) increased 
risk for developing ovarian cancer (Pennington 
and Wsisher 2012).

Hereditary breast-ovarian cancer syndrome 
(HBOC) accounts for the vast majority (85–90%) 
of all hereditary ovarian cancers (Jayson et al. 
2014; Ozols et al. 2001). In hereditary nonpolypo-
sis colorectal cancer (HNPCC) syndrome, the 
Lynch syndrome, patients present with colon, 
endometrial, breast, ovarian, and other cancers 
(Pennington and Wsisher 2012). Their estimated 
ovarian cancer risk is 8–10% (Pennington and 
Wsisher 2012). BRCA mutation carriers have a 
substantially higher lifetime risk of 10–40% to 
develop ovarian cancer. It is higher in BRCA1 
(35–60%) than in BRCA2 (12–25%) mutation 
carriers (Pennington and Wsisher 2012). 
Hereditary ovarian cancer has been attributed 
mainly to mutations in BRCA1 and BRCA2 
genes, but numerous new high-risk genes includ-
ing PTEN, TP53, CDH1, and STK11 and other 
germ line mutations have been identified with 
advances in genomic testing (Runnebaum and 
Arnold 2013). BRCA mutations are associated 
mostly with high-grade serous cancers that present 
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at an advanced stage at an average age of 48 years, 
which is younger than in non-hereditary ovarian 
cancer. Identification of these gene  mutations, 
which are related to 10–13% of high-grade serous 
ovarian cancers, is important, as these patients 
have a better prognosis, and new therapeutic 
options can be offered (Jayson et al. 2014; Neto 
and Cunha 2015).

3  Screening for Ovarian 
Cancer

Successful screening for ovarian cancer, by defi-
nition, is able to decrease mortality and morbid-
ity from the disease (Ozols et al. 2001). Large 
randomized trials have assessed transvaginal 
sonography and serum CA-125, or both, or 
included complex algorithms as screening tests 
for ovarian cancer (Clarke-Pearson 2009; Jayson 
et al. 2014; Buys et al. 2011; Moyer 2012). Due 
to lack of evidence that screening improves sur-
vival, screening for ovarian cancer is currently 
not recommended in the general population 
(Clarke-Pearson 2009; Jayson et al. 2014; Moyer 
2012). This is based upon the fact that prevalence 
of ovarian cancer is very low and the issue of 
false-positive screening tests (Moyer 2012). In 
the randomized controlled PLCO (prostate, lung, 
colorectal, ovarian) cancer screening trial, no dif-
ference was found in stage at diagnosis and the 
ovarian cancer death rate, but approximately 10% 
of participants had a false-positive result. False- 
positive findings during screening may even lead 
to adverse effects with an increased morbidity 
due to unnecessary surgeries. The PLCO trial 
reported a ratio of surgeries to cancer of approxi-
mately 20:1 and considerable complication rates 
after surgery (Buys et al. 2011).

However, women at an increased personal risk, 
with relatives with BRCA1 and BRCA2 gene 
mutations, with Lynch syndrome or a strong famil-
iar risk for ovarian cancer should be referred to 
formal genetic counseling, and multigene testing 
may be offered (Clarke-Pearson 2009; Moyer 
2012; NCCN 2016). Because of their markedly 
increased lifetime risk of ovarian cancer, the 
National Comprehensive Cancer Network 
 recommends screening with semiannual transvag-

inal US and CA-125 testing for women with 
BRCA1 or BRCA2 gene mutations beginning at 
age 30–35 years (NCCN 2016). Prophylactic sal-
pingo-oophorectomy should also be considered to 
reduce the cancer risk in these women. It may be 
delayed until childbearing is completed, or at the 
ages of 35–40 years (Clarke-Pearson 2009).

4  Tumorigenesis of Ovarian 
Cancer

On the basis of distinct histological features, pri-
mary ovarian malignancies can be separated into 
three major entities: epithelial carcinomas, germ 
cell, and sex-cord stromal malignancies (Lengyel 
2010). Rare malignancies include sarcomas and 
lymphomas. 5–15% of ovarian malignancies 
account for metastases. Primary tumors with a 
propensity to metastasize to the ovaries include 
colorectal, gastric, breast, and endometrial cancer. 
Epithelial ovarian cancer constitutes the vast 
majority (85–95%) of all ovarian malignancies 
(Koonings et al. 1989). A dualistic model of carci-
nogenesis of epithelial ovarian cancer that differ-
entiates between cancer types I and II has been 
introduced (Kurman and Shih 2011). These two 
major cancer types not only develop along differ-
ent pathways but differ considerably in terms of 
tumor biology, aggressiveness, precursors, and 
prognosis (Kurman and Shih 2011;). Cancer types 
I include low- grade serous cancers, endometrioid 
cancer, and clear cell, transitional, and mucinous 
cancers (Kurman and Shih 2011). They are char-
acterized by specific gene mutations including 
KRAS, BRAF, ERBB2, etc. They exhibit a slow 
growth, mutate stepwisely from precursor lesions, 
and are less aggressive in their clinical course. In 
contrast, type II cancers are composed of high-
grade serous cancers. They are clinically aggres-
sive and usually present in an advanced stage. 
Often TP53 mutations and high cellular prolifera-
tions are found, and genetically, these tumors are 
typically instable (Kurman and Shih 2011). It is 
now accepted that the origin of high-grade serous, 
primary peritoneal cancer and most fallopian tube 
cancers is not the ovaries but that these tumors 
derive from the fallopian tube (STIC theory) 
(Lengyel 2010; Kurman and Shih 2011).
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5  Tumor Markers

CA-125, a glycoprotein antigen, is currently the 
most widely used tumor marker for ovarian cancer. 
However, elevation of CA-125 of more than 35 U/ml 
is not specific for epithelial ovarian cancer but can be 
observed as well in other malignant epithelial can-
cers, including pancreatic, lung, breast, and colon 
cancer, and in non- Hodgkin’s lymphoma (Bairey 
et al. 2003). Furthermore, the list of benign condi-
tions associated with an elevated CA-125 level is 
long and includes cirrhosis, peritonitis, pancreatitis, 
endometriosis, uterine fibroids, pregnancy, benign 
ovarian cysts, pelvic inflammatory disease, and even 
ascites. The level of CA-125 is associated with the 
menstrual cycle, and more than 90% of false-posi-
tive findings are encountered in premenopausal 
women (Togashi 2003). This is why in premeno-
pausal women, CA-125 is not useful as a single test, 
but its value is based upon the rise in serial measure-
ments. In postmenopausal women, CA-125 is a bet-
ter discriminator between benign and malignant 
diseases. More than 80% of women with advanced 
epithelial ovarian cancer present with CA-125 eleva-
tions. Of note, for early-stage disease, the sensitivity 
is only 25% (Togashi 2003). CA-125 is pivotal in the 
follow- up of patients with ovarian cancer to monitor 
efficacy of treatment and tumor recurrence (Chen 
and Berek 2016). Multiple novel tumor markers 
using monoclonal antibodies are now tested in ovar-
ian cancer. Currently they are used in combination 
with CA-125 in tumor marker panels but are still 
under investigation (Chen and Berek 2016).

Serum alpha-fetoprotein (AFP) and human 
chorionic gonadotropin (HCG) have been helpful 
in recognizing preoperatively the presence of an 
endodermal sinus tumor, embryonal carcinoma, 
choriocarcinoma, or a mixed germ cell tumor. 
Serum lactate dehydrogenase (LDH) may be 
 elevated in dysgerminomas, and anti-Mullerian 
hormone and inhibin have been used in the work-
up of granulosa cell tumors in postmenopausal 
age (Anthuber et al. 2014).

6  Clinical Presentation

Ovarian cancer has been called a “silent killer” as 
it is in the majority of cases diagnosed only at an 

advanced stage. In early stage symptoms are usu-
ally nonspecific or may mimic gastrointestinal or 
urinary symptoms (Carlson 2016; Chen and 
Berek 2016). Abdominal bloating or abdominal 
swelling may indicate ascites. Vaginal discharge 
and vaginal bleeding are rare symptoms and have 
been associated with tubal origin of the cancer 
(Chen and Berek 2016). Rarely, hormonal effects 
causing abnormal uterine bleeding, virilization, 
or paraneoplastic effects may be seen and may 
also precede the diagnosis. Paraneoplastic syn-
dromes include neurologic disorders, e.g., limbic 
encephalitis or subacute cerebellar degeneration, 
and collagen vascular diseases, e.g., dermatomy-
ositis and polymyositis, hypercalcemia, or 
Cushing’s syndrome (Lorraine et al. 2010).

7  Imaging of Ovarian Cancer

7.1  Imaging Findings in Ovarian 
Cancer

7.1.1  Imaging Characteristics 
of Malignant Ovarian Tumors

Imaging features used for prediction of malig-
nancy include lesion size larger than 4 cm, 
thickness of wall or septa exceeding more than 
3 mm, papillary projections, necrosis, partially 
cystic and solid architecture, a lobulated solid 
mass, presence of tumor vessels, and patterns 
and dynamics of contrast enhancement 
(Table 1) (Fig. 1) (Hricak et al. 2000; Tsili et al. 

Table 1 Imaging findings suggesting malignancy in an 
adnexal mass

Primary findingsa

Lesion size >4 cm

Wall/septal thickness >3 mm

Papillary projections

Lobulated mass

Necrosis

Solid and cystic architecture

Type 3 time-intensity curve

Ancillary findings

Lymph node enlargement

Peritoneal lesions

Ascites
aNot specific as single factors

R. Forstner



291

2008; Buy et al. 1991; Sohaib et al. 2003; 
Stevens et al. 1991; Komatsu et al. 1996; Jung 
et al. 2002). None of these imaging criteria, 
however, were found specific enough as a sin-
gle factor to reliably diagnose ovarian cancer. 
The likelihood of malignancy increases with 
solid nonfibrous elements, thickness of septa, 
and presence of necrosis (Hricak et al. 2000; 
Khasper et al. 2012). Ancillary findings such as 
the presence of lymphadenopathy, peritoneal 
lesions, and ascites improve the diagnostic con-
fidence to diagnose ovarian cancer. The combi-
nation of tumor size and architecture with 
ancillary signs improves prediction of malig-
nancy and yields an accuracy of 89–95% 
(Hricak et al. 2000; Tsili et al. 2008; Buy et al. 
1991; Sohaib et al. 2003; Stevens et al. 1991; 
Komatsu et al. 1996; Jung et al. 2002).

Solid nonfatty nonfibrous tissue with or with-
out necrosis has been reported as a valuable pre-
dictor of malignancy (Jung et al. 2002). Thus T2 
WI signal intensity of solid aspects in adnexal 
masses may be used to predict malignancy. Masses 
that are as low or lower than skeletal muscle typi-
cally present benign entities, whereas lesions dis-
playing a T2 intermediate SI or higher SI than 
skeletal muscle comprise a heterogenous group 
and include benign, borderline, and malignant 
lesions (Khasper et al. 2012). Thick walls and sep-
tations are less reliably signs of malignancy, as 
they may also occur in abscesses, endometriomas, 

and benign neoplasms such as cystadenofibromas 
and mucinous cystadenomas (Jung et al. 2002; 
Khasper et al. 2012).

Papillary projections present folds of the prolif-
erating neoplastic epithelium growing over a stro-
mal core. Identification of papillary projections is 
important because they are typical for an epithelial 
neoplasm. They are most often associated with 
epithelial cancers of low malignant potential 
(Fig. 2) and may also be found in 38% of invasive 
carcinomas. In the latter, the gross appearance is 
usually dominated by a solid component (Buy 
et al. 1991; Jung et al. 2002). Small papillary pro-
jections ranging in the size of less than 3 mm with 
low-contrast enhancement are a feature of muci-
nous cystadenomas (Kaijser et al. 2014).

Psammoma bodies, which are tiny calcifica-
tions, are found in CT in approximately 10% of 
serous epithelial ovarian cancers (Fig. 3). 
Calcifications may also occur in benign terato-
mas and in benign ovarian stromal tumors, e.g., 
Brenner tumors or thecomas. These tumors are 
typically solid and tend to show extensive coarse 
calcifications.

In CT and MRI, assessment of contrast 
enhancement is a cornerstone of tumor character-
ization. It improves assessment of papillary pro-
jections and necrosis and visualizes patterns of 
vascularization (Hricak et al. 2000; Buy et al. 
1991; Thomassin-Naggara et al. 2008b, 2012, 
2013; Bernardin et al. 2012; Dilks et al. 2010) 

a b c

Fig. 1 Imaging characteristics of bilateral ovarian 
cancer. Transaxial T2WI (a) demontrates a right cystic 
and solid adnexal mass. Intermediate SI on T2WI (a), 
avid contrast enhancement (b), and high SI on DWI 
using b 1000 mm2 (c) of the solid elements support the 

findings of malignancy. Ascites is seen adjacent to the 
right mass (*). Note similar architecture and SI char-
acteristics of the normal- sized left ovary (arrow). At 
surgery bilateral high-grade serous ovarian cancer 
was found
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(Figs. 1 and 2). DWI alone is limited due to over-
lap in benign and malignant adnexal lesions, and 
evidence is lacking supporting ADC quantifica-
tion for reliable prediction of malignancy 
(Forstner et al. 2016a). DWI is most beneficial in 
adnexal mass characterization by excluding 
malignancy if a solid adnexal mass displays low 
SI using a high b value (Forstner et al. 2016a; 
Thomassin-Naggara et al. 2009). DCE using 
semiquantitative multiphase-dynamic contrast- 
enhanced MRI has become an important imaging 
tool for risk assessment in adnexal masses 
(Thomassin-Naggara et al. 2008b, 2012, 
2013). Time-intensity curves are acquired of the 
solid areas within the adnexal lesion and 
the  myometrium during multiphase-dynamic 
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Fig. 2 Serous borderline cancer of the right ovary. 
Coronal T2WI (a) displays a thin septation and a low SI 
mural papillary projection (arrow). Transaxial FSGd T1 
demonstrates two papillary projections (b, c) (arrow). The 

larger nodule displays a type 2 contrast enhancement 
curve (b, d), which is commonly found in borderline 
tumors

Fig. 3 Calcifications in ovarian cancer. Multiple plaque-
like calcifications are demonstrated within a mixed solid 
and cystic bilateral ovarian tumor. They also cloak the 
peritoneal surface of the uterus (U). These small calcifica-
tions present psammoma bodies and are found in low- 
grade serous ovarian adenocarcinomas in CT. B bladder
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 contrast- enhanced series. Using the  myometrial 
enhancement as reference, three types of 
enhancement curves can be identified which cor-
relate with benign, borderline, and malignant 
tumors (Fig. 4) (Tsili et al. 2008; Thomassin- 
Naggara et al. 2008a). Type 1 time-intensity 
curves are characterized by a gradual uptake of 
contrast. It was more frequently encountered in 

benign than borderline lesion and never in malig-
nant lesions. Type 2 time-intensity curves 
describing an early uptake of gadolinium – but 
less than myometrium – followed by a plateau 
were typical of borderline lesions (Fig. 2). Type 3 
time-intensity curves describing an avid and 
early contrast uptake, followed by a washout, are 
typical of malignant tumors (Thomassin-Naggara 
et al. 2012, 2013). This technique is also pivotal 
in the MRI Adnex score system, a standardized 
MR imaging and reporting system for complex 
adnexal masses (Thomassin-Naggara et al. 2013). 
The MRI Adnex score assigns masses into five 
categories from score 1 correlating of no mass to 
score 5 that describes a probably malignant mass 
(Table 2). A feasibility study demonstrated excel-
lent reproducibility and interobserver agreement 
for various levels of expertise (Thomassin- 
Naggara et al. 2013).

PET/CT is limited in prediction of malignancy 
of adnexal masses by false-positive findings, par-
ticularly in premenopausal ovaries due to physi-
ologic uptake of the corpus luteum. It is more 
reliable in postmenopausal age, but false  positives 

Fig. 4 Time-intensity curves. Time-intensity curves are acquired from the solid aspect of the ovarian mass and from 
the outer myometrium. Types 1, 2, and 3 curves assist in prediction of malignancy

Table 2 MR Adnex score

Score Characteristics Imaging findings

1 No mass No adnexal lesion

2 Benign Cysts, endometrioma, 
dermoid, cystadenoma, 
solid and low on T2WI 
and low on DWI (b 
1000s/mm2)

3 Probably benign Cystic, no solid tissues; 
type 1 curvea

4 Indeterminate Type 2 curvea

5 Probably 
malignant

Peritoneal implants
Type 3 curvea

MR Adnex score (Adapted from Thomassin-Naggara 
et al. 2013)
aAssessed from solid tissue within the ovarian mass
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in benign teratomas may occur at any age group. 
Currently, there is no evidence of an advantage of 
PET/CT over MRI for  characterization of com-
plex adnexal masses (Lee and Catalano 2015; 
Iver and Lee 2010).

7.1.2  Peritoneal Carcinomatosis
Peritoneal carcinomatosis is the typical pathway 
of tumor dissemination in advanced ovarian can-
cer (Fig. 5). It is determined by the complex anat-
omy of the peritoneal cavity and follows the 
clockwise pattern of the peritoneal fluid circula-
tion along the paracolic gutters toward the dia-
phragm and downward (Lengyel 2010; Patel 
et al. 2011). Although all peritoneal parietal and 
visceral surfaces may be involved, common sites 
of peritoneal implants in ovarian cancer include 
greater omentum, paracolic gutters, the pouch of 

Douglas, surfaces of the liver and diaphragm, and 
bowel surface. Less frequent sites of dissemina-
tion are the mesentery, splenic surface, along the 
porta hepatis, lesser sac, and the gastrosplenic 
ligament (Forstner et al. 2010; Nougaret et al. 
2012). Peritoneal metastases are characterized by 
a broad spectrum of imaging findings. They may 
display as nodular soft tissue lesions or as more 
subtle findings including linear or plaquelike 
thickening of the parietal or visceral peritoneum 
(Fig. 6). Implants from serous tumors may dis-
play tiny calcifications only. Besides nodular 
lesions, thickening of the root of the mesentery 
with a stellate radiating pattern or ill-defined 
nodular lesions have been described in metasta-
ses of the mesentery (Fig. 7) (Nougaret et al. 
2012). The majority of peritoneal lesions show 
moderate enhancement after IV contrast medium. 

a b

Fig. 5 Peritoneal implants. Findings in FIGO stage 
IIIC ovarian cancer are shown in an anterior (a) and 
posterior (b) coronal CT plane. Ascites, mild perito-
neal thickening, and multiple solid peritoneal implants 
along the anterior abdominal wall and in the transverse 

mesocolon (arrow) are demonstrated in (a). A large 
implant in the right paracolic gutter (arrow) resembles 
the morphology of the thick-walled cystic and solid 
adnexal tumors, which present bilateral ovarian cancer 
(b). U uterus
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Rarely, mixed solid and cystic or purely cystic 
lesions are found. The latter may mimic loculated 
ascites; however linear enhancement or tiny mural 
nodules may indicate the tumorous deposits. In 
MRI delayed enhancement at 3–10 min after gad-
olinium has been described to improve the detec-
tion of peritoneal metastases (Low et al. 2005). 
The omentum accounts for the most common site 
of peritoneal metastases, with the inframesocolic 

omentum more often involved than the suprame-
socolic omentum (Fig. 8). They are typically 
located between the abdominal wall and bowel 
loops. If they coalesce they are termed omental 
cake. Netlike omental involvement is more diffi-
cult to evaluate. In liver surface implants, perito-
neal deposits of the liver capsule should be 
differentiated from invasive implants, as the latter 
usually are not resectable (Akin et al. 2008). 
Bowel surface or mesenterial implants can cause 
tethering of bowel loops and may lead to obstruc-
tion. However, this is more likely to occur in 
recurrent ovarian cancer (Low et al. 2003). 
Depiction of peritoneal implants depends on their 
size and on the presence of ascites. In CT the 
problem of diagnosing small peritoneal implants 
is expressed by the sensitivity of only 25–50% for 
lesion size of less than 1 cm in size (Coakley et al. 
2002). The performance of CT, however, 
improved to a sensitivity of 85–93% and a speci-
ficity of 91–96% for peritoneal disease larger than 
1 cm in size (Coakley et al. 2002). Although CT 
has been established as primary imaging modality 
to assess peritoneal malignant disease, MRI has 
the potential to become the new standard of the 
reference (Rockall 2014). It seems superior to CT 

a b

Fig. 6 Peritoneal implants. Coronal (a) and transaxial CT of 
the upper abdomen (b). Linear thickening of the parietal peri-
toneum is seen throughout the abdomen and pelvis in a 
patient with large amounts of ascites (a). The diffuse linear 

thickening of the diaphragm is better appreciated on the 
transaxial plane (b). Other findings include bilateral focal 
diaphragmatic implants and broad band- like tumors (arrows) 
adjacent to the transverse colon presenting omental cake

Fig. 7 Diffuse mesenterial involvement in high-grade 
serous cancer. Ill-defined mesenterial linear and nodular 
lesions (arrow) are seen in the root of the mesentery
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a

c d

b

Fig. 8 Omental implants. Transaxial CT (a–c) and trans-
axial fat-saturated T1-weighted image (d) in four different 
patients. Omental implants (arrows) may display a broad 

spectrum of findings ranging from a netlike pattern (a) to 
cotton-like (b) and nodular lesions (d)

a b c

Fig. 9 Superiority of MRI (a, b) over CT (c) in visualization of small liver surface and diaphragmatic implants 
(arrows). The small deposits are best depicted on DWI (b = 800 mm2) (a)

R. Forstner



297

in detecting peritoneal implants (Fig. 9), particu-
larly in the absence of ascites (Low et al. 1999, 
2015). Diffusion-weighted MR imaging enables 
direct visualization of implants at sites that are 
otherwise difficult to assess throughout the perito-
neal cavity and is superior in pelvic imaging to 
CT (Rockall 2014). In a prospective comparative 
study with surgery as standard of reference, 
whole-body MRI using DWI was superior to CT 
and to PET/CT in assessing bowel serosal and 
mesenteric disease (Michielsen et al. 2014). 
Another comparative study found no significant 
differences between CT, MRI, and PET/CT in 
assessing ovarian cancer. In this study PET/CT 
was best for assessment of supradiaphragmatic 
metastases (Schmidt et al. 2015). It seems that 
currently the role of PET/CT for staging primary 
ovarian cancer staging is limited (Rockall 2014). 
Most studies report slightly improved lesion con-
spicuity of PET/CT (sens. of 77–100%) over CT 
alone (sens. of 60–97%) (Pfanneberg et al. 2013). 
In one study combined PET/CT achieved a sensi-
tivity of 88% compared to 84% for CT and 63% 
for PET alone in patients undergoing hyperther-
mic intraperitoneal chemotherapy (Pfanneberg 
et al. 2013). In PET/CT false negatives may occur 
due to small tumor size (5–10 mm) and FDG-
negative tumors (Patel et al. 2011). False positives 
may occur in nonmalignant and inflammatory 
peritoneal diseases (Michielsen et al. 2014; 
Pfanneberg et al. 2013).

7.1.3  Ascites
Small amounts of pelvic fluid in the cul-de-sac 
present a physiological finding and may be found 
throughout the cycle in the reproductive age. 
Ascites is defined as fluid outside the pouch of 
Douglas according to the International Ovarian 
Tumor Analysis (IOTA) group (Timmerman 
et al. 2000). In ovarian cancer, pelvic ascites may 
be a finding of stage I disease. Large amounts of 
ascites in a patient with ovarian cancer usually 
indicate stage III disease. In ovarian cancer the 
presence of ascites alone had a PPV of 72–80% 
for peritoneal metastases (Coakley et al. 2002).

The absence of ascites may not exclude a 
malignant disease, as 50% of borderline tumors 
and 83% of early-stage ovarian cancers are not 

associated with ascites (Ozols et al. 2001). 
Peritoneal carcinomatosis is characterized by var-
ious amounts of ascites and diffuse or focal peri-
toneal thickening. Benign forms of ascites 
displaying the same pattern, such as postoperative 
inflammatory changes, bacterial peritonitis 
including tuberculosis, or chronic hemodialysis, 
often cannot be differentiated from peritoneal car-
cinomatosis (Diop et al. 2014; Levy et al. 2009).

7.2  Pathways of Spread 
in Ovarian Cancer

Knowledge of the pathways of tumor spread is 
pivotal for the interpretations of findings in CT 
and MRI, and they are the basis for staging of 
ovarian cancer. Ovarian cancer spreads primarily 
by direct extension to neighboring organs, by 
exfoliating cells into the peritoneal cavity that 
can implant on parietal and visceral peritoneum 
throughout the peritoneal cavity. It also dissemi-
nates by lymphatic pathways and less commonly 
metastasizes hematogenously. Locoregional 
spread of ovarian cancer occurs by continuous 
growth along the surfaces of the pelvic organs 
and pelvic sidewalls. Peritoneal spread and 
implantation outside the pelvis is caused by 
tumor cells that are able to slough off the ovary 
and enter the peritoneal circulation. Peritoneal 
implants are also disseminated throughout the 
lymphatic vessels of the peritoneum.

Tumor spread along the lymphatic pathways 
is found along three routes. The main pathway 
of lymphatic spread is along the broad ligament 
and parametria to the pelvic sidewall lymph 
nodes (external iliac and obturator chains) and 
along the ovarian vessels to the upper common 
iliac and para-aortic lymph nodes between the 
renal hilum and aortic bifurcation. Drainage to 
external and inguinal nodes via the round liga-
ments accounts for the rarest route of lymphatic 
tumor spread. In advanced ovarian cancer, the 
presence of nodal spread is reported in 40–60% 
(Ozols et al. 2001; Bachmann et al. 2016). In a 
series of 130 patients mostly with serous ovar-
ian cancer, the rate of nodal metastases was 
75%. In almost half of the cases, both  metastases 
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to the pelvis and para- aortic lymph node were 
seen, whereas 13.5% was reported for pelvic 
resp for para-aortic lymph node metastases 
only (Bachmann et al. 2016).

Hematogenous spread occurs later in the 
course of the disease. Distant metastases are most 
commonly found in the liver, lung, pleura, and 
kidneys. At the time of the initial presentation, 
parenchymal liver metastases are extremely rare, 
and patients are more likely to present with liver 
surface metastases (Akin et al. 2008).

7.3  Staging of Ovarian Cancer

Staging of ovarian cancer is determined by the 
extent and location of disease found at surgical 
staging. The latter is considered the gold standard 
for staging and aims for obtaining the histopatho-
logical diagnosis and a complete cytoreductive 
surgery. It includes a total abdominal hysterec-
tomy, bilateral salpingo-oophorectomy, infracolic 
omentectomy, and lymphadenectomy (Jayson 
et al. 2014; Ozols et al. 2001). Furthermore, peri-
toneal cytology and multiple peritoneal biopsies 
are obtained throughout the pelvis and upper 
abdomen. In an attempt for optimal debulking, 
agressive surgery techniques including multidis-
ciplinary surgery teams may be needed (Jayson 
et al. 2014). Laparoscopic staging procedures for 
ovarian cancer have also been introduced. In clini-
cal practice, understaging of ovarian cancer 
remains a common problem (20–40%). This may 
occur when the initial surgery had been performed 
under the presumption of a benign tumor, due to 
laparoscopy technique, and lack of oncologic spe-
cialist expertise (Ozols et al. 2001).

Ovarian cancer is staged using the TNM or the 
FIGO (International Federation of Gynecology 
and Obstetrics) classification. According to the 
2014 revised FIGO classification, not only the 
tumor stage but also the histological subtypes and 
grade should be documented. Most important 
change is the fusion of epithelial ovarian, fallo-
pian, and primary peritoneal cancers. The revised 
staging classification is also used in germ cell and 
sex-cord stromal malignancies (Kandukuri and 
Rao 2015).

7.3.1  Staging by CT and MRI
Surgical staging can be preceded by preoperative 
imaging. According to the ACR appropriateness 
criteria, radiographic studies such as contrast 
enema and urography have been replaced by CT 
and other cross-sectional imaging for staging 
ovarian cancer (Mitchell et al. 2013). Preoperative 
assessment by imaging has a major impact on 
treatment stratification, as the extent and ana-
tomic location of peritoneal implants are major 
determinators for treatment decision (Forstner 
et al. 2010; Nougaret et al. 2012; Sala et al. 2013; 
Javadi et al. 2016).

Accurate mapping of the disease contributes to 
optimized surgery planning (Sala et al. 2013). 
This may also alert to need of multidisciplinary 
surgery teamwork. In case of extensive cancer 
load on CT or MRI, patients may also be triaged 
to undergo a neoadjuvant radiochemotherapy 
prior to surgery (Forstner et al. 2010; Sala et al. 
2013).

Imaging Findings According to Tumor 
Stages
The FIGO classification system of ovarian cancer 
is summarized in Table 3.

Imaging findings in CT and MRI have also 
been adapted to the FIGO classification system 
(Forstner et al. 2010, 2016b; Nougaret et al. 
2012; Javadi et al. 2016).

In stage I, tumor is confined to one ovary or 
the fallopian tube (stage IA) (Fig. 2) or both ova-
ries or the fallopian tubes (stage IB). The capsule 
of the tumor is intact, and there is no evidence of 
spread of the tumor outside of the ovary. In stage 
IC disease, tumor is detected on the ovarian or 
fallopian tube surface or capsule rupture has 
occurred. Malignant pelvic ascites may also be 
present (Fig. 1).

Stage II is characterized by local tumor exten-
sion into the pelvic soft tissues and to pelvic 
organs below the pelvic brim. In stage IIA, either 
direct tumor extension or implants on the uterus, 
ovaries, or fallopian tubes can be identified. 
Findings suggesting this stage include distortion 
or irregularity between the interface of the tumor 
and the myometrium. Stage IIB is characterized 
by involvement of pelvic tissues, such as the 
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bladder, rectum, and pelvic peritoneum. Invasion 
of the sigmoid colon or rectum is diagnosed when 
loss of tissue plane between the solid compo-
nents of the tumor, encasement, or localized wall 
thickening is noted (Fig. 10). A distance of less 
than 3 mm between the lesion and the pelvic side-
wall or displacement or encasement of iliac ves-
sels is suggestive of pelvic sidewall invasion 
(Fig. 11).

Stage III consists of extrapelvic peritoneal 
implants and/or retroperitoneal lymphadenopa-
thy. Retroperitoneal lymph node metastases as the 
only disease outside the pelvis are found in less 
than 10%, but they demonstrate favorable progno-
sis than lymph node metastases in stages IIIB or 
IIIC (Kandukuri and Rao 2015). In imaging the 
diagnosis of lymphadenopathy is based on the 
short-axis diameter of lymph nodes of ≥1 cm. 
Peritoneal implants outside the pelvis, omental or 
mesenteric implants, and hepatic or splenic sur-
face metastases are other findings defining stage 

III ovarian cancer. Stages IIIA2–IIIC differ in the 
size of abdominal peritoneal lesions. In stage 
IIIA2, tumor is grossly limited to the pelvis; how-
ever, large amounts of ascites are a sign of upper 
abdominal peritoneal tumor spread. In stage IIIB, 
lesion size is 2 cm or less and in stage IIIC it 
exceeds 2 cm (Fig. 12). Ascites is a common find-
ing in stage III disease. In delayed contrast-
enhanced MR imaging, ascites may enhance and 
thus obscure peritoneal implants.

Stage IV ovarian cancer is characterized by 
distant metastases that include pleura, 
 parenchymal organs outside the pelvis, and 
extraabdominal lymph nodes. Malignant pleural 
effusion presents stage IVA1 and is characterized 
by pleural metastases proven either by positive 
cytology or biopsy. Typical imaging findings 
include pleural effusion associated with pleural 
nodularity and focal pleural thickening. 
Quantification of pleural effusion as small, mod-
erate, or large has shown to be related with 

FIGO 

Stage 

Subcategory and Findings

I A Tumor one ovary or fallopian tube

B Both ovaries  fallopian tubes

C One or both ovaries or fallopian tubes plus

C1: Surgical spill

C2: Capsule ruptured or tumor on surface 

C3: M alignant cells in ascites or peritoneal washings 

II A

B 

Extension/implants on uterus and/or ovaries and/or fallopian tubes 

Extension to other pelvic intraperi toneal tissues 

III A A1 Positive retroperitoneal LN only

A2 Microscopic extrapelvic peritoneal spread  +/-LN

B Peritoneal implants outside pelvis up to 2cm +/-LN 

C Peritoneal implants out side pelvis >2cm +/-LN 

IV A Pleural effusion with positive cytology

B Parenchymal metastasis, metastasis to extraperitoneal organs, 
inguinal LN and LN outside abdominal cavity 

Table 3 FIGO classification of ovarian cancer

Table modified from Kandukuri and Rao (2015) and Forstner et al. (2016b)
Changes in respect to the previous version are highlighted
LN lymph nodes
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Fig. 10 Sigmoid colon wall invasion in CT. A peritoneal 
implant (*) shows a broad contact and impression of the 
colon wall. The ovarian cancer is located in the midline 
and compresses the bladder. Multiple pelvic lymph node 
metastases are seen, the largest in the right obturator 
region. U uterus

Fig. 11 Pelvic sidewall invasion. Transaxial CT at the 
level of the iliac bifurcation. A mixed solid and cystic 
adnexal tumor, which was nondifferentiated ovarian can-
cer at histopathology, is located in the pelvis. The left pel-
vic sidewall, including iliac vessels and psoas muscle, is 
clearly separated by fat. The right pelvic sidewall (arrow) 
is in direct contact with the solid tumor component. 
Furthermore, external and internal iliac arteries are dis-
placed; the latter is encased by tumor (arrowhead)

Fig. 12 Stage IIIC ovarian cancer. Peritoneal nodular 
implants are shown at the diaphragm and in the Morison’s 
pouch (arrows). A surface metastases invading the spleen 
larger than 3 cm is also demonstrated (arrow). Ascites (*) 
is found in the pelvis and upper abdomen. Ovarian cancer 
(arrowhead)

Fig. 13 Ovarian cancer stage IVB. Large amounts of 
ascites indicate peritoneal metastases. Umbilical metasta-
sis (arrow) is a finding typical of stage IVB ovarian 
cancer
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 survival (Mironov et al. 2011). Lung or liver 
parenchymal metastases are also typical manifes-
tations in stage IVB disease. It is particularly 
important to differentiate liver parenchymal 
metastases from liver surface metastases, which 
display smooth margins and an elliptic or bicon-
vex shape. Umbilical metastasis (Fig. 13), the 
Sister Mary Joseph node, is now classified as 
stage IVB disease. It usually ranges from 1 to 
1.5 cm in size but can attain a size of up to 10 cm. 
Cardiophrenic lymph node metastases are a typi-
cal findings in stage IV disease. They occur in 
approximately 30% of advanced ovarian cancer 
and are typically located in the anterior preperi-
cardiac region, more commonly on the right than 
on the left side (Kim et al. 2016). A recent study 
reported a PPV of 86% for histologically proven 
cardiophrenic lymph nodes when a short-axis 
diameter of >7 mm was used in CT (Kim et al. 
2016). Inguinal lymph node metastases are also 
classified as distant metastases (IVB).

Value of Imaging
CT and MRI perform similarly in staging of ovar-
ian cancer, with reported accuracies of 70%–
90%, sensitivities of 63–69%, and specificities of 
100% (Mitchell et al. 2013; Forstner et al. 2010, 
2016b; Nougaret et al. 2012; Sala et al. 2013; 
Javadi et al. 2016). The decision to use CT or 
MRI is based on many factors, including cost, 
availability, contraindications, radiologist exper-
tise, and clinician’s preference. Thus currently, 
CT is the primary imaging modality for staging 
ovarian cancer because of better availability and 
shorter examination times (Mitchell et al. 2013; 
Forstner et al. 2010). MRI is emerging as a potent 
alternative technique for staging ovarian cancer 
when standard MR sequences are combined with 
DWI (Forstner et al. 2010; Rockall 2014). This 
technique is recommended for staging of sus-
pected ovarian cancer in pregnancy or in contra-
indications of IV contrast media (Forstner et al. 
2010). In the latter PET/CT serves as an alterna-
tive modality to provide the relevant information 
for treatment decision. Similar to CT it is limited 
in small-volume peritoneal disease, but PET/CT 
seems most beneficial in advanced disease to 
assess metastases outside the peritoneal cavity 

(Forstner et al. 2010; Javadi et al. 2016). Detection 
of lymph node metastases is a major limitation of 
imaging. Based on a threshold of 1 cm in diame-
ter, the sensitivity for lymph node metastases is 
only 50%, and the specificity is 95% for CT and 
MRI. PET/CT performs superiorly but is also 
limited by lymph node metastases in the size of 
less than 1 cm (Pfanneberg et al. 2013; Javadi 
et al. 2016).

7.3.2  Prediction of Resectability
Multidisciplinary consensus conferences (MDC) 
are the platform to define individualized optimal 
treatment regimen. If a patient with ovarian can-
cer will benefit from upfront surgery or rather 
from a neoadjuvant approach has to be decided 
on patient-related factors, e.g., the medical con-
dition, surgical risks, and institutional prefer-
ences (Rockall 2014; Sala et al. 2013; Forstner 
et al. 2016b). The major limitation in the preop-
erative assessment of resectability is that no gen-
eral accepted models exist and the impaired 
reproducibility due to different clinical practice 
(Forstner et al. 2016b). Imaging, mostly by CT, 
plays a pivotal role in patient triage by visualiza-
tion of the size, site, and distribution of metastatic 
disease (Sala et al. 2013). Various CT criteria 
assessing different sites throughout the abdomen 
and CT scores without and with the incorporation 
of CA-125 or other clinical criteria have been 
proposed to predict preoperatively the success of 
optimal resectability (Suidan et al. 2014; Borley 
et al. 2015; Bristow et al. 2000; Quayyum et al. 
2005). According to the ESUR guidelines for 
staging ovarian cancer, large disease (>2 cm) in 
the upper abdomen around the liver and spleen 
(Fig. 14), mesenteric deposits, and lymph node 
metastases above the renal hilum are sites likely 
to be nonoptimally resectable (Forstner et al. 
2010). However, it has to be emphasized that 
resectability criteria may differ from center to 
center and predictive parameters have to be spec-
ified and agreed on in MDC (Forstner et al. 2010). 
CT and MRI performed similarly in detecting 
inoperable tumor and prediction of suboptimal 
debulking in ovarian cancer, with reported sensi-
tivity of 76%, specificity of 99%, PPV of 99%, 
and NPV of 96% (Quayyum et al. 2005). 
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Conversely, Low et al. reported the superiority of 
MRI over CT to predict optimal cytoreduction 
(Low et al. 2015). A prospective multicenter trial 
identified three clinical and six CT criteria cor-
relating with suboptimal debulking (Suidan et al. 
2014). Another study reported lung metastases of 
>7 mm in size, pleural effusion, deposits of 
>10 mm in size on large- and small-bowel mes-
entery, and infrarenal para-aortic lymph node 
metastases to be associated with low debulking 
status (Borley et al. 2015). Despite advanced sur-
gery techniques in both studies, bowel involve-
ment is a major limitation for optimal 
cytoreduction. Thus, careful analysis of CT signs 
of bowel and mesenteric involvement, e.g., of 
bowel wall thickening and adhesions and mesen-
terial tethering, is warranted (Nougaret et al. 
2012).

7.4  Tumor Types

Ovarian neoplasms are categorized as surface epi-
thelial cell tumors, germ cell tumors, and sex- cord 
stromal tumors. The vast majority comprise epithe-
lial cancers, whereas malignant germ cell and 
malignant stromal neoplasms are responsible for 7% 
each.

In epithelial tumors benign, malignant, and bor-
derline tumors are differentiated according to their 

histological features. Malignant tumors of the 
ovary and borderline tumors account for 21% and 
4–15% of primary ovarian tumors, respectively 
(Lengyel 2010; Koonings et al. 1989). In epithelial 
cancer distinct subtypes can be identified that not 
only differ in histopathology and genetic profiles 
but also in their imaging findings and clinical 
course. This is also reflected in the new WHO clas-
sification of ovarian, fallopian tube, and primary 
peritoneal cancer (Kurman et al. 2014). 
Clinicopathological and radiological characteris-
tics of the major ovarian cancer subtypes are sum-
marized in Table 4 (Forstner et al. 2016b; Höhn 
et al. 2014; Lalwani et al. 2011).

7.4.1  Epithelial Ovarian Cancer

High-Grade Serous Ovarian Cancer
High-grade serous epithelial cancer accounts for 
the majority (70–80%) of epithelial ovarian can-
cers. Two-thirds of these tumors involve both 
ovaries (Clarke-Pearson 2009; Ozols et al. 2001). 
Macroscopically, it displays typically as multi-
locular cystic tumors with intracystic papillary 
projections. These excrescences fill the cyst cav-
ity, or they may contain serous, hemorrhagic, or 
turbid fluid (Fig. 1) (Lalwani et al. 2011). Some 
of these tumors may also present as solid masses 
with irregular contours. The typical imaging fea-
ture is advanced peritoneal disease with large 
amounts of ascites and often bilateral adnexal 
masses (Fig. 15) (Forstner et al. 2016b; Höhn 
et al. 2014; Tanaka et al. 2016). In up to 12%, the 
ovaries may be small and display predominantly 
surface involvement, a finding that previously 
defined primary carcinoma of the peritoneum but 
is now recognized as a variant of high-grade 
serous cancer (Kurman and Shih 2011). Almost 
all cancers related to BRACA1 and BRACA2 
mutations fall into this tumor category (Jayson 
et al. 2014).

Low-Grade Serous Ovarian Cancer
This subtype accounts for approximately 5% of 
ovarian cancers. It seems to develop in a stepwise 
fashion from cystadenomas and serous border-
line tumors. In imaging cystic and septate lesions 
or cystic lesions with papillary mural nodules 

Fig. 14 Nonoptimally resectable ovarian cancer. Multiple 
peritoneal implants (arrows) are demonstrated on the liver 
surface and lesser sac. The latter is distended due to ascites. 
The implants located in the interlobar fissure (*) and lesser 
sac (*) are considered nonoptimally resectable
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may be found uni- or bilaterally. Both borderline 
tumors and low-grade serous cancers may coexist 
at diagnosis. Psammoma bodies within the tumor 
or implants, presenting tiny calcifications, are 
detected in 30% at histology but only in 12% of 
cases in CT (Ozols et al. 2001; Jung et al. 2002). 
Dissemination occurs later in the course of the 
disease, and nodular implants are identified 
throughout the abdomen (Höhn et al. 2014).

Mucinous Epithelial Ovarian Cancer
Mucinous cancers comprise approximately 
3–5% of ovarian carcinomas. They tend to be 
large at diagnosis and contain loculi with hemor-
rhagic or proteinaceous content similar to their 
precursors mucinous borderline tumors. They 
present smooth contours and multiloculated cys-
tic architecture with solid areas and intracystic 
nodules (Fig. 16). Rarely, the tumor may be pre-
dominantly solid. They are mostly unilateral and 
detected in early stages. Bilateral involvement is 
only found in 5–10% (Seidman et al. 2002). 

Pseudomyxoma peritonei with cystic peritoneal 
implants may be associated with mucinous ovar-
ian cancers but seems more likely to result from 
spread by mucinous primaries of the GI tract.

Endometrioid Ovarian Carcinomas
Endometrioid carcinomas represent 10–20% of 
all ovarian carcinomas. They occur with synchro-
nous endometrial carcinomas or endometrial 
hyperplasia in up to 33% of cases (Seidman et al. 
2002). Endometrioid carcinoma may also arise 
from endometriosis (Tanaka et al. 2010). Bilateral 
ovarian involvement is encountered in 30–50% 
of cases. Macroscopically, these tumors are solid 
and cystic; the cysts may contain mucinous or 
greenish fluid. Rarely, solid tumors with exten-
sive hemorrhage or necrosis may be found 
(Seidman et al. 2002). Another feature is cancer 
developing within an endometrioma (Lalwani 
et al. 2011; Tanaka et al. 2010).

Fig. 16 Stage IA mucinous ovarian cancer arising within 
a BL mucinous tumor. A large multiloculated ovarian 
mass with loculi of different SI is shown on the T2WI 
indicating a mucinous lesion. At its superior aspect, areas 
of invasive cancers were found at surgery

Fig. 15 Typical high-grade serous cancer in CT. Bilateral 
adnexal tumors and large amounts of ascites and perito-
neal deposits in the abdomen (arrows) as sign of perito-
neal spread outside the pelvis at time of diagnosis
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Clear Cell Carcinomas
Clear cell carcinomas present approximately 
5–10% of all ovarian cancers. The relationship 
with endometriosis is strongest among the ovar-
ian cancers. The tumor may arise within an endo-
metrioma (Fig. 17), or endometriotic implants 
may be found in relationship to the tumor or 
 elsewhere in the pelvis (Lalwani et al. 2011). 
Hypercalcemia as a paraneoplastic syndrome and 
thromboembolic complications are more com-
mon than in other ovarian cancers (Lorraine et al. 
2010). Typical imaging feature is a large thick- 
walled cyst with one or multiple nodules protrud-
ing into the mass (Tanaka et al. 2010).

Imaging Findings of Epithelial Ovarian 
Cancers
On CT and MRI, epithelial ovarian cancers pres-
ent as complex cystic or multiloculated ovarian 
lesions. Although differentiation between the 
subtypes is not reliably possible by imaging, 
there might be some differential diagnostic clues. 
Disseminated peritoneal disease is typical of 
high-grade serous cancers. A large well- 
delineated multilocular mass is suggestive of 
mucinous cancer. Psammoma bodies, which can 
only be detected on CT, may be seen in low-grade 
serous ovarian cancers. Endometriosis is a pre-
cursor of endometrioid, and especially of clear 
cell cancer. The latter appears most commonly as 
a large unilocular cyst with one or more solid 
mural nodules (Tanaka et al. 2016). In endometri-
oid ovarian cancer, endometrial thickening or 
endometrial cancer may coexist. Details of histo-
logical, imaging, and clinical characteristics of 
the major ovarian cancer subtypes are enlisted in 
Table 4.

Differential Diagnosis
Benign serous and mucinous cystadenomas are 
usually entirely cystic and display thin walls 
and septa. Small papillary projections may also 
be present in cystadenomas. Metastases, par-
ticularly from primary cancer of the appendix 
or the gastrointestinal tract, can display similar 
imaging characteristics as ovarian cancer. 
Calcifications may also be present in metasta-
ses of mucinous adenocarcinoma of the colon 

a

b

c

Fig. 17 Clear cell carcinoma arising in an endometri-
oma. Transaxial T1-weighted image (a), T2-weighted 
image (b), and contrast-enhanced fat-saturated (FS) 
T1-weighted image (c). A typical endometrioma of the 
right ovary is demonstrated in a and b, showing high 
signal intensity (SI) on T1- weighted image and shading 
with low SI on the T2-weighted image. Within the pos-
terior wall of the endometrioma, a band-like mural 
lesion (arrow) with low SI on T1-weighted image (a) 
and high SI on T2-weighted image (b) is seen. Due to 
contrast enhancement, it is obscured in c. Contrast 
enhancement is not found in a clot in endometrioma, but 
is indicative of a tumor within the endometrial cyst. 
Hematometra (*)
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and papillary thyroid cancer (Kawamoto et al. 
1999). Malignant ovarian germ cell and stromal 
tumors may display imaging characteristics 
similar as ovarian cancer. Age and hormonal 
effects may help in the differential diagnosis. 
Other differential diagnoses include benign 
cystic and/or solid tumors, e.g., cystadenofi-
broma and rarely dermoids without fat. In the 
majority of cases, tubo-ovarian abscesses can 
be distinguished from ovarian cancer based 
upon imaging and clinical findings. 
Endometriomas can be differentiated by MRI 
by typical findings such as shading, thick cap-
sules, and lack of enhancing solid components. 
However, in CT, endometriomas may be a diag-
nostic problem and mimic ovarian cancer 
(Fig. 18). Enhancement of a mural nodule 
within an endometrioma is highly suggestive of 
malignant transformation.

Borderline Tumors
Borderline tumors account for up to 15% of all 
ovarian malignancies (Alvarez and Vazquez- 
Vicente 2015). They are distinct from invasive 
ovarian cancer in terms of younger age at presen-
tation, better prognosis, and fertility-preserving 
treatment options. Histologic and cytogenetic fea-
tures include atypical epithelial proliferations, 
multilayering of the epithelium, increased mitotic 
activity, nuclear atypia, and mostly KRAS and 
BRAF gene mutations but the absence of stromal 
invasion (Lalwani et al. 2010). Borderline tumors 
most commonly affect women in reproductive 
age. Most of these present with early-stage (70–
80%) disease and are associated with an excellent 
prognosis. A 7-year follow-up of survival of stage 
I diseases was 99% and for stage II and III disease 
92% (Ozols et al. 2001; Leake et al. 1992). In the 
presence of invasive elements, recurrence rates 
approach 45% and progression to invasive can-
cers may be found (Lalwani et al. 2010).

a b

Fig. 18 Endometrioma mimicking ovarian cancer in 
CT. Coronal (a) and sagittal CT (b). In a 47-year-old 
woman with elevated tumor markers, a multicystic mass 
with a diameter of 25 cm occupies the pelvis and midab-
domen. Focal mural and septal thickening (arrow) and 
high density within some cysts are demonstrated. There 

was no evidence of lymph node enlargement or ascites. At 
surgery, extensive endometriosis of the ovaries and perito-
neum was found. Furthermore, mural wall thickening of 
the rectum and sigmoid colon by endometriosis (arrow-
head) and thickening of the uterine corpus due to endome-
triosis were detected (b)
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Borderline tumors may be large, with diame-
ters ranging from 7 to 20 cm. Bilaterality is more 
common in serous tumor BT (25–50%) com-
pared to the mucinous subtypes (5–10%) (Alvarez 
and Vazquez-Vicente 2015). Mucinous BT tends 
to be larger and may be associated with pseudo-
myxoma peritonei (Bent et al. 2009).

Imaging Findings
Borderline tumors tend to be large unilateral or 
bilateral ovarian tumors that cannot reliably be 
distinguished from invasive ovarian cancers in CT 
or MRI (Fig. 19). Imaging findings suggesting 
borderline tumors include a multicystic mass with 
papillary projections ranging from 10 to 15 mm in 
size protruding into the cyst wall (Jung et al. 
2002). Rarely, BT may present as a purely cystic 
or solid lesion (Fig. 20), and psammoma bodies 
may be present (Bent et al. 2009). In a series of 60 
borderline tumors, 6 were purely cystic and 29 

mainly cystic with papillary projections and nod-
ules; out of these one-third displayed vegetations 
of less than 1 cm in size; 14 were mixed cystic and 
solid and 10 mainly solid or solid (Zhao et al. 
2014a). ADC values of the papillary projections 
tend to be higher than in invasive cancers. Using a 
threshold value of 1.039 × 103, Zao et al. attained 
sensitivity of 97% and specificity of 92.2% in 

Fig. 19 Serous borderline tumor in CT. A large thin- 
walled cystic pelvic lesion is shown demonstrating 
slightly irregular enhancing septa at the cephalad aspect 
and a central irregular thickened septum with tiny calcifi-
cations (arrow)

a

b

Fig. 20 Stage I borderline tumor. Coronal (a) and para-
sagittal (b) CT. A 7 cm predominantly solid tumor (*) 
with cystic areas is located in the cul-de-sac. The sagittal 
plane shows broad-based contact to the uterus (b). No evi-
dence of ascites was found in the pelvis or abdomen. At 
surgery, a grayish tumor deriving from the left ovary was 
found. Histopathology revealed the rare endometrioid 
subtype of ovarian tumor of low malignant potential, 
which was classified as FIGO stage IA
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their differentiation from invasive cancers. In 
DCE delayed enhancement and MRI type 2 time-
intensity curves may be seen in BT (Fig. 2) 
(Thomassin-Naggara et al. 2013).

Differential Diagnosis
Borderline tumors are indistinguishable from 
invasive cancers due to overlap in imaging find-
ings such as irregular thickened walls, enhancing 
vegetations, and solid components. Low ADC 
values of solid aspects in DWI favor cancer (Zhao 
et al. 2014a). Peritoneal implants or lymph node 
involvement is not a useful criterion for differen-
tiation as these may be also found in approxi-
mately 30% of serous BT (Leake et al. 1992). 
Hemorrhagic and mucinous contents may be 
seen both in mucinous BT and mucinous cystad-
enomas. Features favoring BT are honeycomb 
appearance, thick septa (5 mm), and papillary 
projections of >5 mm (Zhao et al. 2014b).

Recurrent Ovarian Cancer
Although the initial response to treatment is good, 
persistence or recurrence of ovarian cancer remains 
a major problem. This is reflected by the overall 
likelihood of relapse for all stages of ovarian cancer 
of 62% and of up to 85% for women presenting 
with advanced ovarian cancer (Birrer 2016).

Survival correlates with the disease-free inter-
val before tumor recurrence and the residual dis-
ease following primary cytorective surgery (Jayson 
et al. 2014; Ozols et al. 2001; Birrer 2016). Pelvic 
relapse develops after an average of 1.8 years and 
hematogenous metastases (liver, spleen, pleura, 
lungs, and brain) after an average of 2.5 years 
(Burghardt 1993). The pelvis, particularly the vag-
inal vault and the cul-de-sac, is the most common 
site of tumor recurrence, and it is followed by 
abdominal peritoneal implants. Typical abdominal 
locations include the surface of the diaphragm and 
liver, paracolic gutters, the large- and small-bowel 
surface, and mesentery (Kwek and Iyer 2006). 
Lymph node metastases are typically located in 
the para-aortic region and found in 18–33% 
(Burghardt 1993). Small- and large-bowel obstruc-
tion is a common complication in patients with 
recurrent ovarian cancer and remains the leading 
cause of mortality (Birrer 2016).

Unlike in primary ovarian cancer, recurrent 
ovarian cancer is not strongly associated with 
ascites. In one study, ascites was only found in 
38% of patients with relapse of ovarian cancer, 
and in the vast majority, the amount of fluid 
detected was small (Forstner et al. 1995). 
Furthermore, small amounts of ascites were also 
demonstrated in patients without evidence of 
tumor recurrence. Large amounts of ascites are 
more likely to occur in platinum-resistant disease 
(Birrer 2016). Serum tumor markers (CA-125) 
are the cornerstone in the surveillance of patients 
with ovarian cancer. A rising CA-125 level in a 
patient in a clinically complete remission is 
highly predictive of recurrence. However, this 
may precede the median time to physical or 
radiographic evidence of recurrent disease by 
4–6 months (Birrer 2016).

Imaging Findings
Recurrent ovarian cancer most frequently pres-
ents as solid or as mixed solid and cystic lesions 
located within the pelvis (Fig. 21). Entirely cystic 
lesions are rarely found (Forstner et al. 1995). In 
CT, recurrent disease usually displays moderate 
contrast enhancement. In MRI, the imaging find-
ings depend on the morphology of the lesions. 
Usually smaller lesions display low to intermedi-
ate SI on T1-weighted images and intermediate 
to high SI on T2-weighted images. Contrast- 
enhanced images and DWI improve the detection 
of peritoneal surface lesions. Diffuse or focal 
peritoneal thickening presents peritoneal carci-
nomatosis. The pattern of peritoneal involvement 
is similar to primary ovarian cancer, with diffuse 
thin lining of the peritoneal surfaces to plaquelike 
lesions or nodules emerging from the peritoneal 
surfaces. Diffuse ascites is usually a sign of dif-
fuse peritoneal recurrent disease. Omental caking 
is encountered only in patients treated with pri-
mary chemotherapy. Small-bowel obstruction is 
a typical complication as ovarian cancer advances 
and occurs in 5–42% (Low et al. 2003). Signs of 
malignant bowel obstruction include bowel dila-
tation, an obstructing mass, focal mural thicken-
ing, and peritoneal carcinomatosis (Low et al. 
2003). A pseudo-small-bowel obstruction pattern 
can mimic small-bowel obstruction. It is  typically 
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encountered late in the course of the disease and 
is caused by tumor infiltration of the myenteric 
plexus of the small bowel (Ozols et al. 2001). 
Resection of recurrent disease, which is usually 
performed in pelvic recurrence, is only consid-
ered successful when complete resection without 
residual tumor is possible. Preoperatively, it is 
crucial to assess pelvic sidewall invasion rather 
than tumor size (Sala et al. 2013).

Differential Diagnosis
Postoperative hematomas, adhesions between 
bowel loops, or localized trapped fluid may mimic 
recurrent disease. Benign forms of diffuse perito-
neal thickening such as a result of postoperative 
inflammatory complications or bacterial peritoni-
tis cannot be differentiated from peritoneal 
relapse. Furthermore, chemical peritonitis follow-

ing intraperitoneal chemotherapy also results in 
diffuse peritoneal thickening (Low et al. 2015).

Value of Imaging
Although large randomized trials showed no sur-
vival benefit of routine postoperative follow-up 
with CA-125, this tumor marker plays a pivotal 
role in monitoring patients with ovarian cancer in 
clinical practice (Birrer 2016; Spencer and Perren 
2010). Imaging in conjunction with CA-125 is 
used to assess disease progression and response to 
therapy. Baseline CT examinations after surgery 
or before chemotherapy have been  advocated to 
allow an objective follow-up (Sala et al. 2013). 
However, in many institutions imaging is only 
performed when tumor markers persist or increase 
or when the patients present with clinical symp-
toms. Demonstration of recurrence is pivotal in 

a c

b

Fig. 21 Central pelvic recurrence (arrow) with rectal (R) 
invasion is demonstrated on Gd T1WI (a) and confirmed 
by its restricted diffusion on the ADC map (b). The PET/

CT follow-up (c) after 6 months of chemotherapy demon-
strates reduction in size but still vital residual cancer
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patient triage for appropriate surgery or radiation 
therapy in selected cases (Kyriazi et al. 2010). 
Usually only patients with limited recurrent pel-
vic disease may be considered as candidates for 
cytoreductive surgery. Furthermore, patients can 
be selected who will benefit from a relieving 
colostomy (Birrer 2016). CT has been widely 
used for the assessment of recurrent ovarian can-
cer. MRI assists in predicting tumor resectability, 
particularly in the pelvis (Forstner et al. 2010). 
PET/CT is particularly useful in assessing persis-
tent ovarian cancer and serves as a complemen-
tary imaging technique when tumor markers are 
rising and CT or MRI findings are inconclusive 
or negative (Mitchell et al. 2013; Iver and Lee 
2010). It is superior to the other imaging tech-
niques in assessing small implants, in differentia-
tion metastases from scar tissues (Fig. 21). 
Although PET/MRI shows promising results and 
seems superior to PET/CT in advanced gyneco-
logical tumors, its value has still to be assessed 
(Queiroz et al. 2015).

7.4.2  Nonepithelial Ovarian 
Malignancies

Malignant Germ Cell Tumors
Malignant germ cell tumors are much less com-
mon than epithelial ovarian neoplasms. Although 
germ cell ovarian malignancies account for only 
2–3% of all ovarian malignancies, their clinical 
importance is based upon their potential for cure 
and the typical age distribution (Ozols et al. 
2001). In women younger than 20 years of age, 
they account for approximately two-thirds of all 
ovarian malignancies. They are often very large 
solid tumors with rapid and predominantly uni-
lateral growth. The most frequent sites of dis-
semination are the peritoneum and retroperitoneal 
lymph nodes. Compared with epithelial tumors, 
they have a greater tendency for hematogenous 
metastases, and liver and lung involvement can 
be observed at diagnosis. Ascites is only found in 
approximately 20% of cases (Ozols et al. 2001). 
Histologically they mostly occur in pure forms. 

a b

Fig. 22 Endodermal sinus tumor in a 14-year-old girl. 
Sag T2WI (a) and transaxial Gd T1FS (b). A large unilat-
eral ovarian mass extends to the upper abdomen. It is well 
delineated but displays a very inhomogeneous architec-

ture with areas of necrosis, hemorrhage, and solid well- 
vascularized elements. AFP levels were markedly 
elevated. B bladder. Ascites (*)
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In mixed malignant germ tumors, the most malig-
nant type defines the prognosis. Serum levels of 
HCG and AFP may assist in the diagnosis and in 
the follow-up of some germ cell tumors.

Malignant germ cell tumors comprise, in order 
of decreasing frequency, dysgerminomas, imma-
ture teratomas, endodermal sinus tumors, and 
embryonal and nongestational choriocarcinomas. 
The latter three are extremely rare. In these 
patients, tumor markers may be helpful for 
assessing response and tumor recurrence. 
Endodermal sinus tumors secrete AFP (Fig. 22). 
Embryonal carcinomas can secrete both AFP and 
HCG, whereas pure choriocarcinomas secrete 
only HCG (Ozols et al. 2001).

Dysgerminomas
Dysgerminomas present the most common type of 
malignant germ cell tumors and have been consid-
ered the female counterpart of seminoma of the tes-
tis. Seventy-five percent occur in early reproductive 
age, 10% in prepubertal girls, and 15–20% are diag-
nosed during pregnancy or postpartally (Hricak 
et al. 2004). In contrast to the other germ cell 
tumors, dysgerminomas may also occur bilaterally.

A minority (5%) of dysgerminomas arise in 
gonadal dysgenesis and may coexist with gonado-
blastomas. Disorders of sexual differentiation, e.g., 
Turner syndrome and Swyer syndrome, harbor a 
considerably increased risk of dysgerminomas aris-
ing in streak gonads during adulthood (Tayfur et al. 
2007). The vast majority of patients with dysgermi-
nomas are diagnosed with early- stage disease, and 
fertility saving is an option in stage IA disease.

Imaging Findings
Dysgerminoma presents as a multilobulated, well-
delineated solid lesion. In CT, speckled calcifica-
tions may be observed. Furthermore, they may 
contain low attenuation areas representing necrosis 
or hemorrhage. Contrast-enhanced CT may also 
demonstrate strongly enhancing fibrovascular 
septa. In MRI, the tumor displays low signal inten-
sity on T1-weighted images and intermediate sig-
nal with low SI septa and high signal intensity areas 
of necrosis on T2-weighted images and restricted 
DWI (Fig. 23) As in CT, the intralesional septa may 
display strong enhancement (Tanaka et al. 1994).

Differential Diagnosis
Differential diagnosis includes solid ovarian 
tumors in younger age, e.g., granulosa cell 
tumors, yolk sac tumors, Sertoli cell tumor, 
and immature teratomas. The extremely rare 
ovarian lymphoma typically involves both 
ovaries. In MRI, uterine fibroma and fibrothe-
coma may display a similar appearance on 
T2-weighted images; however, contrast 
enhancement of uterine leiomyomas resem-
bles that of myometrium, and fibrothecoma 
displays a type 1 time-intensity curve on DCE 
MRI (Forstner et al. 2016a). In CT, differenti-
ation of subserosal uterine fibroids or ovarian 
fibromas from solid dysgerminomas is usually 
not feasible.

Immature Teratomas
Immature teratomas or malignant teratomas are 
the second most common germ cell malignan-
cies. The typical age group is similar to dermoid 
cysts young age between 10 and 20 years. 
However, in contrast to benign teratomas, they 
are extremely rare, with less than 1% consisting 
of immature teratomas. They are typically large 
at the time of diagnosis and present as solid or 
predominantly solid tumors with cystic ele-
ments and areas of fat and calcifications. 
Immature teratomas are associated with der-
moid cysts, more commonly in the ipsilateral 
(26%) than in the contralateral ovary (Young 
and Scully 2002a; Heifetz et al. 1998). They 
contain embryonic tissues and can also occur in 
combination with other germ cell tumors (mixed 
germ cell tumors). Yolk sac tumors within 
immature teratomas give rise to alpha-fetopro-
tein elevation and are an important prognostic 
factor (Heifetz et al. 1998). Immature teratomas 
may also rarely produce steroids and cause 
pseudoprecosity in prepubertal girls (Young and 
Scully 2002a; Heifetz et al. 1998).

Imaging Findings
Immature teratomas typically occur in young 
females and display mostly as heterogenous, 
predominantly solid lesions or as mixed solid 
and cystic lesions with scattered or coarse 
 calcifications or hemorrhage (Heifetz et al. 
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1998; Bazot et al. 1999; Yamaoka et al. 2003). 
In CT, punctate foci of fat and calcifications 
are diagnostic clues for the presence of an 
immature teratoma (Bazot et al. 1999). In case 
of cystic lesions, they are typically filled with 
serous fluid and may rarely contain fatty seba-
ceous material (Diop et al. 2014). In MRI, 
small foci of fat with high SI on T1 (Fig. 24) 
and signal loss on the fat saturation sequence 
are typically found (Yamaoka et al. 2003). 
Malignant type of enhancement of the solid 
aspects may be seen. Capsular penetration is 
found in almost 50% of cases and is a patho-
gnomonical feature of malignancy (Comerci 
et al. 1994).

Malignant Transformation in Benign Teratoma
Malignant transformation of benign teratomas is 
rare and reported in 0.17% of dermoid cysts 
(Comerci et al. 1994). It is associated with 
advanced age (mean 59 years) and a large (>6 cm) 
unilateral benign teratoma. In the vast majority, 
squamous cell cancer (up to 85%), or rarely car-
cinoid tumors, and adeno- or chorionic cancer 
arise from the cyst wall or from ectodermal ele-
ments of benign teratomas (Choudhary et al. 
2009).

Imaging Findings
Fat within an ovarian mass is diagnostic of a tera-
toma. Signs indicative of malignancy include a 

a b

c

Fig. 23 Dysgerminoma of the right ovary in a 32-year- old 
female. A large, well-delineated multinodular solid lesion 
is located cranially and anterior of the uterus (a). It dis-
plays predominantly intermediate SI on the T2-weighted 

image (a) and moderate contrast enhancement (b), but 
clearly restricted diffusion (b = 1,000 mm2) on DWI (c). 
Multiple septa (arrows) can be identified
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solid well-vascularized large mural nodule, often 
arising from the Rokitansky protuberance, breach 
of the capsule, or extracapsular growth and 
metastases (Fig. 25) (Choudhary et al. 2009; 
Kido et al. 1999). Elevation of tumor markers 
CEA and CA-125 in an older female with a large 
fat-/sebaceum-containing mass is diagnostic of 
malignant degeneration of a dermoid cyst (Dos 
Santos et al. 2007).

Differential Diagnosis
Immature teratomas are usually large at presenta-
tion and occur in young females. In contrast to 
the majority of benign cystic teratomas, malig-
nant teratomas tend to be predominantly solid 
with small foci of fat and scattered calcifications. 
Elevation of alpha-1-fetoprotein assists in estab-
lishing the diagnosis and is found in 33–65% of 
immature teratomas (Yamaoka et al. 2003). 
Mature and immature teratomas coexist in 
approximately 20% of cases. If no fat is identi-
fied, an immature teratoma cannot be differenti-
ated from a monodermal benign teratoma, e.g., of 
struma ovarii, from malignant germ cell tumors, 
or from ovarian cancer (Dujardin et al. 2014). 
Pitfalls include struma ovarii, where nodules may 
show avid contrast enhancement similar to malig-
nant degeneration (Forstner et al. 2016a). 
However, only capsular breach proves the malig-
nant transformation (Choudhary et al. 2009).

a

b

Fig. 24 Mature and immature teratoma in a 20-year-old 
female. T1- weighted image (a) and T2-weighted image 
with FS (b) at the acetabular level. Ascites surrounds 
bilateral ovarian lesions. The left tumor (*) represents a 
benign dermoid with predominantly fatty tissue. 
Posteriorly an inhomogeneous mixed solid and cystic 
lesion (arrow) with small hemorrhagic loculi is seen, 
which is better identified on the T2-weighted image (b). 
The tiny spots of high SI on T1-weighted image represent 
areas of fat (arrow) in (a). Courtesy of TM Cunha, Lisbon

a b

Fig. 25 Malignant transformation. In a 64-year-old 
female, a mural nodule breaching the capsule of a benign 
teratoma is seen on the T2WI (arrow) (a). FS GdT1 WI 

(b) shows the intensely enhancing nodule (arrow) with 
extracapsular growth. Fat (*) within the teratoma. U 
uterus
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Sex-Cord Stromal Tumors
Sex-cord stromal tumors derive from coelomic 
epithelium or mesenchymal cells of the embryonic 
gonads (Young and Scully 2002a). Eight percent 
of all ovarian neoplasms account for this tumor 
type, with granulosa cell tumors, fibromas, theco-
mas, and Sertoli-Leydig cell tumors comprising 
the majority of these tumors. The 2014 revised 
WHO classification comprises pure stromal 
tumors, pure sex-cord tumors, and mixed sex-cord 
stromal tumors (Horta and Cunha 2015). Granulosa 
cell tumors are considered as low- grade malignant 
tumors. Sertoli-Leydig cell and steroid tumors 
may be malignant depending on the degree of dif-
ferentiation (Young and Scully 2002a). Sex-cord 
stromal tumors affect all age groups but are com-
monly encountered in peri- and postmenopausal 
women (Tanaka et al. 2004). Their clinical and dif-
ferential diagnostic importance is based upon their 
hormone activity. Granulosa cell tumors may typi-
cally produce estrogens, but a minority may be 
hyperandrogenic. Sertoli-Leydig cell tumors and 
steroid cell tumors are androgen-producing 
tumors. The majority of sex-cord stromal tumors 
are confined to the ovary at the time of diagnosis 
(Outwater et al. 1998).

Granulosa Cell Tumors
Granulosa cell tumors are classified as neoplasm 
of a low malignant potential. The juvenile and the 
adult subtype differ in several important aspects. 
Adult granulosa cell tumors account for 1–2% of 
all ovarian tumors and for 95% of all granulosa 
cell tumors (Young and Scully 2002a). FOXL2 
gene mutation is seen in the vast majority and is 
diagnostic of the adult tumor type (Kottarathil 
et al. 2013). Granulosa cell tumors are the most 
common ovarian tumors presenting with hyper-
estrogenism. The rare juvenile granulosa cell 
tumors are hormonally active in 80% and occur 
typically before the age of 30 years. The majority 
is found in prepubertal girls who present with the 
signs of precocious pseudopuberty with develop-
ment of breasts and pubic and axillary hair. An 
association with Ollier’s disease (enchondroma-
tosis) and Maffucci’s syndrome (enchondromato-
sis and hemangiomatosis) has been reported in 
some cases (Young and Scully 2002a).

Adult granulosa cell tumors occur after the 
age of 30 years and have their peak incidence in 
the perimenopausal age (median 51 years) 
(Young and Scully 2002a; Kottarathil et al. 2013). 
Estrogen expression may become clinically man-
ifest as abnormal uterine bleeding and endome-
trial hyperplasia. Endometrial cancer is associated 
with these tumors in 3–22% of cases (Outwater 
et al. 1998). Peutz-Jeghers syndrome and Potter’s 
syndrome are also linked with granulosa cell 
tumors (Pennington and Wsisher 2012). Both 
types of granulosa cell tumors are typical 
 unilateral ovarian tumors that vary considerably 
in size and show an average diameter of approxi-
mately 12 cm (Young and Scully 2002a). Unlike 
epithelial ovarian cancer, they are diagnosed in 
stage I in 71% of patients and in late stages (III 
and IV) in 19% (Kottarathil et al. 2013). 
Recurrence rates reach 25%, and recurrence 
tends to occur late at 4–5 years but may be seen 
even many years after the initial therapy (Young 
and Scully 2002a; Kottarathil et al. 2013). 
Relapse is typically confined to the pelvis and 
abdomen. However, distant metastases to the 
bone, supraclavicular lymph nodes, liver, and 
lungs have been reported (Kottarathil et al. 2013).

Imaging Findings
Granulosa cell tumors present typically unilat-
eral, well-delineated often large masses. 
Irrespective of their distinct clinical features, 
both the juvenile and adult tumor type can dis-
play a broad spectrum of imaging features from 
entirely cystic to completely solid ovarian lesions 
(Fig. 26) (Jung et al. 2002).

Granulosa cell tumors may display homoge-
nous contrast enhancement and intermediate to 
high SI on T2-weighted images. They may also 
manifest as a solid and cystic neoplasm, and cysts 
may contain hemorrhagic fluid. Papillary projec-
tions are not found and calcifications are rare 
(Horta and Cunha 2015). The adult type of gran-
ulosa cell tumors manifests mostly as a predomi-
nantly spongelike cystic multilocular tumor with 
blood clots and solid tissue (Kim 2002). In 
hormone- active tumors, the endometrial cavity 
may be widened due to hyperplasia or endome-
trial cancer (Kottarathil et al. 2013; Kim 2002). 
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Lymphatic spread is typically not found and peri-
toneal spread is rare (Kottarathil et al. 2013).

Sertoli-Leydig Cell Tumor
Sertoli-Leydig cell tumors account for less than 
0.5% of ovarian tumors. The majority (75%) of 
Sertoli-Leydig cell tumors occur in women 
younger than 30 years (Tanaka et al. 2004). Less 
than 10% are found in women over 50 years of 
age (Young and Scully 2002a). Although viriliza-
tion caused by androgen production is the most 
striking clinical feature, it occurs in only one- 
third of patients (Young and Scully 2002a). Other 
symptoms include menstrual irregularities or 
abnormal bleeding. Approximately 50% of 
women with Sertoli-Leydig tumors have no 
endocrine effects. Most Sertoli-Leydig cell 
tumors are unilateral and the majority is diag-
nosed as stage I disease. They vary in size 
between 5 and 15 cm (average, 13.5 cm). Some 
of these tumors may be very small and difficult to 
detect by imaging, although they produce hor-
monal effects (Outwater et al. 1998).

Depending upon the degree of differentiation, 
1–59% of Sertoli-Leydig cell tumors were malig-
nant in one series (Young and Scully 2002a). In 
contrast to granulosa cell tumors, Sertoli-Leydig 
cell tumors tend to relapse typically within the 
first year after surgery.

Imaging Findings
Sertoli-Leydig cell tumors vary broadly in gross 
appearance. They tend to be unilateral (98%) 
solid, sometimes lobulated masses. They may 
also appear as predominantly solid masses often 
with peripheral cysts or as a cystic lesion with 
polypoid mural structures ( Fig. 27) (Tanaka et al. 
2004). Cysts may display a slightly high signal 
intensity on T1-weighted images. The solid com-
ponents display intermediate to high SI on 
T2-weighted images and avid contrast enhance-
ment in MRI and CT (Jung et al. 2002). Rarely, 
these tumors may also manifest similar to 
Krukenberg tumors as a cystic lesion with well- 
vascularized solid aspects (Tanaka et al. 2004). 
Less differentiated types of Sertoli-Leydig cell 
tumors tend to display an inhomogeneous archi-
tecture with areas of necrosis and hemorrhage.

Ovarian Lymphoma
Ovarian involvement by lymphoma presents 
almost always a manifestation of systemic dis-
ease, mostly of B-cell lymphoma. Primary lym-
phoma of the ovary without lymph node or bone 
marrow involvement is extremely rare. It 
 constitutes 5% of extranodal lymphomas, but the 
ovaries are leading among the gynecologic organ 
manifestations (Lagoo and Robboy 2006). 
Ovarian lymphoma tends to occur in 

Fig. 26 Juvenile type of granulosa cell tumor. CT in a 
17-year-old girl who presented with primary amenorrhea. 
A large, well-defined cystic ovarian tumor with multiple 

irregular septations and solid areas is demonstrated in the 
midpelvis. Small amount of ascites (*) without evidence 
of peritoneal seeding at surgery
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 premenopausal women and appears most fre-
quently as diffuse large B-cell non-Hodgkin lym-
phoma followed by Burkitt lymphoma (Onyiuke 
et al. 2013; Kosari et al. 2005). Follicular lym-
phoma and small lymphocytic lymphoma are 
encountered in more advanced ages (Onyiuke 
et al. 2013). Clinically, lymphoma may become 
apparent as a pelvic mass or with pelvic or 
abdominal pain.

Imaging Findings
Lymphomas appear as unilateral or more com-
monly as bilateral solid, homogenous ovarian 
masses without ascites (Ferrozzi et al. 2000). 
They also may demonstrate areas of cystic degen-
eration and hemorrhage. Margins are smooth and 
ovarian follicles may be preserved. In CT, lym-
phoma appears as well-defined solid nodular 
hypovascular masses. In MRI, they display inter-
mediate signal on T1 and low to intermediate SI 
on T2-weighted images (Fig. 28) and distinct 
restricted DWI. Similar to CT, mild contrast 
enhancement is noted.

Differential Diagnosis
Thecomas are also hypovascular uni- or bilateral 
solid tumors that can be differentiated from lym-
phomas due to their low SI on T2WI. Their DWI 
SI may be variable, but if DWI restriction is 

a b

Fig. 28 Ovarian lymphoma in a child. Contrast-enhanced 
T1-weighted image in the midpelvis (a) and coronal 
T2-weighted image (b). Non-Hodgkin lymphoma only 
confined to the left ovary presents as a large solid mass 

(arrow) with moderate contrast enhancement (a) and 
inhomogeneous low to intermediate SI on T2-weighted 
image (b)

Fig. 27 Malignant Sertoli-Leydig cell tumor without 
hormonal activity. CT shows a well-delineated cystic 
lesion of the right ovary that was incidentally detected at a 
gynecological exam in a 64-year-old female
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 present in thecomas, it is much less than in lym-
phomas. Other malignant predominantly solid 
ovarian tumors, including ovarian cancer, metas-
tases, and granulosa cell tumors, may resemble 
ovarian lymphoma, but these are more common 
than lymphomas. Bilaterally, high to intermedi-
ate SI on T2-weighted image and ascites favor 
the diagnosis of ovarian cancer. Metastases may 
also present as a lobulated unilateral or bilateral 
solid ovarian mass. They usually display strong 
contrast enhancement and central necrosis or 
cysts. History of cancer of the breast or the GI 
tract is pivotal for the differential diagnosis. 
Granulosa cell tumors tend to be unilateral and 
may cause estrogenic effects. Clinical history, 
presence of multiple lymph nodes, and spleno-
megaly support the diagnosis of secondary ovar-
ian involvement in lymphoma.

7.4.3  Ovarian Metastases
5–15% of malignant ovarian tumors constitute 
metastases to the ovaries. The GI tract (39%), 
breast (28%), and endometrium (20%) are the 
most common primary sites (De Waal et al. 2009; 
Lee et al. 2009; Brown et al. 2001; Young and 
Scully 2002b). Rare cancer sources include pan-
creatic and gallbladder cancer, melanoma, and 
lymphoma (Young and Scully 2002b). Ovarian 
metastases seem more common in premeno-
pausal women because of higher vascularity of 
the ovaries in this age, and they may be associ-
ated with hormonal activity (Young and Scully 
2002b). Although metastases may occur unilater-
ally (especially in endometrial cancer), bilateral 
involvement is a typical feature and found in 
70–80% of ovarian metastases (Togashi 2003). 
Approximately 50% of ovarian metastases are 
Krukenberg tumors from stomach or colorectal 
cancers. Compared to other histologies, 
Krukenberg tumors have a fourfold risk to metas-
tasize to the ovaries. In a multicenter study 
assessing 86 patients with primary ovarian and 
24 patients with secondary cancers, only multi-
locularity favored the diagnosis of a primary 
ovarian cancer (Brown et al. 2001). Despite their 
large size, ovarian metastases are often asymp-
tomatic. Out of 147 patients with predominantly 
gastrointestinal tract cancers, 36% of metastases 

were detected synchronously (Li et al. 2012). In 
general, ovarian metastases are associated with a 
dismal prognosis. Colon cancer metastases have 
a significant better survival than stomach or 
breast cancer, where the majority of patients will 
die within the first year after detection (Li et al. 
2012). Predisposing factors for metastases from 
breast cancer include premenopausal age, lobular 
carcinoma, and advanced stage. They typically 
develop 2–5 years after cancer diagnosis and are 
often also associated with peritoneal carcinoma-
tosis (Bigorie et al. 2010).

Imaging Findings
Ovarian metastases may present as solid ovarian 
tumors with necrosis, as solid and cystic and 
rarely as multiseptate cystic masses (Koonings 
et al. 1989; Ha et al. 1995). Krukenberg tumors 
typically are bilateral oval or kidney-shaped 
tumors, which tend to preserve the contour of the 
ovary and have a nodular surface (Fig. 29). They 
are solid or predominantly solid with central 
necrosis or cysts and may attain a large size. On 
MRI, they display medium signal intensity on 
T1-weighted images and an inhomogeneous low 
to intermediate SI on T2-weighted images and 
DWI restriction (Ha et al. 1995; Kim et al. 1996). 
In CT and contrast-enhanced MRI, they tend to 
show strong enhancement of solid components or 
septations. Follicles may be preserved and dis-
placed to the periphery. A transversing vessel may 
be present (Fig. 29). Ascites is commonly found 
and may be a sign of peritoneal seeding. Metastatic 
cancers different from Krukenberg tumors may 
have a variable appearance resembling other 
malignant ovarian lesions with cystic and mixed 
cystic and solid patterns (Brown et al. 2001; 
Young and Scully 2002b; Kim et al. 1996; 
Megibow et al. 1985). Colon cancer metastases 
commonly present as unilateral or bilateral, multi-
loculated, predominantly cystic tumors (Fig. 30) 
(Choi et al. 2006). Due to the high rate of syn-
chronous ovarian metastases, careful assessment 
of the GI tract is warranted (Li et al. 2012). 
Further, in malignancy elsewhere, metastases to 
the ovaries should be suspected if the pattern of 
spread is atypical for ovarian cancer. In particular, 
the presence of pulmonary and hepatic  metastases 
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in the absence of extensive peritoneal spread is 
unusual for ovarian cancer and favors another pri-
mary neoplasm (Young and Scully 2002b).

Differential Diagnosis
Confident distinction between primary and meta-
static ovarian cancers is not feasible due to over-
lapping imaging findings. Bilateral, 
well-delineated, purely solid or predominantly 
solid tumors with necrosis strongly favor the 
diagnosis of Krukenberg tumors (Alcazar et al. 
2003). Multinodularity at the ovarian surface is 
also a feature suggesting ovarian metastases, but 
this may also be seen in dysgerminomas and lym-
phomas (Horta and Cunha 2015; Li et al. 2012). 
Contrast uptake aids in the differentiation of solid 
ovarian metastases from stromal tumors. Stromal 
tumors typically display a mild and delayed con-
trast uptake resp type 1 time-intensity curves. If 
such a solid lesion shows low signal on a high b 
value DWI, the presence of metastases can be 
excluded (Thomassin-Naggara et al. 2009). If 

metastases are cystic and hemorrhagic, they may 
resemble endometriomas, which also occur in 
younger women. However, enhancing nodules 
and distinct contrast enhancement is not found in 
endometriomas. Abscesses usually present with 
different clinical features than the clinically silent 
metastases. Similar to sex-cord stromal tumors, 
ovarian metastases can produce estrogens or 
androgens. The clinical background is usually 
different, and history of a primary cancer prone 
to spread to the ovaries allows the correct diagno-
sis. Coexistence of a type II endometrial cancer 
or premenopausal age favor the presence of 
metastases to the ovaries rather than an indepen-
dent ovarian cancer (Holschneider et al. 2005).

7.5  Fallopian Tube Cancer

Fallopian tube cancer has been thought to be 
extremely rare accounting for only 0.3–1.1% of 
all gynecologic cancers (Chen and Berek 2016). 

a b

Fig. 29 Typical bilateral Krukenberg tumors in a patient 
with history of gastric cancer. Coronal (a) and transaxial 
(b) CT show bilateral ovarian tumors with central  

necrosis. On the left ovary, a transversing vessel can be 
identified in b (arrows). U uterus
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However, the tubal origin has been proven for 
most high serous ovarian cancers as well as for 
most of the hereditary ovarian cancers. Based 
on these new insights, the FIGO 2014 staging 
classification has unified ovarian, fallopian tube, 
and peritoneal cancer in its staging 
classification.

7.5.1  Imaging Findings
A unilateral adnexal complex cystic or solid mass 
associated with hydrosalpinx is the most common 
finding (Kawakami et al. 1993; Gomes et al. 2015). 
CT and MRI demonstrate complex solid and cystic 
enhancing masses similar to ovarian cancer. A cys-
tic tubular structure with interdigitating septa adja-
cent to the mass represents the dilated tube. Signal 
intensity on T1 and T2 higher than serous fluid sug-
gests hematosalpinx. Occasionally, focal nodular-

ity within a hydrosalpinx may be found in fallopian 
cancer. Common associated findings are distension 
of the uterine cavity and ascites (Gomes et al. 
2015). Peritoneal metastases are similar to those in 
ovarian cancer. Lymph node metastases may be 
found more often than in ovarian cancer (Gomes 
et al. 2015).

Differential Diagnosis
A solid mass arising within the dilated fallopian 
tube or a sausage-like adnexal mass has been 
described as a feature characterizing fallopian 
tubal cancer (Gomes et al. 2015). Especially 
with T2-weighted images, identification of the 
cystic components of the distended tube may be 
possible. Metastases to the fallopian tubes, 
which result most commonly from direct exten-
sion of gynecologic cancers, cannot be reliably 
differentiated from primary fallopian tube can-
cers. Rarely, leiomyomas of the fallopian tube 
may be encountered, which resemble ovarian 
stromal tumors or fibroids of the broad 
ligament.
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Abstract

While endometriosis is a benign disease of the 
female pelvis, it can be a very aggressive, inva-
sive condition. The diagnosis is often delayed 
and difficult, and laparoscopy remains the 
gold standard. Among noninvasive diagnostic 
options, ultrasound has a role in diagnosing 
local manifestations of endometriosis, while 
magnetic resonance imaging (MRI) is gaining 
popularity. Patient preparation and selection 
of an adequate imaging protocol will help to 
fully exploit the diagnostic potential of MRI 
mapping of endometriotic lesion localization. 
The interpretation of MR images should use 
a checklist to search for lesions based on the 
most common locations of endometriosis and 
typical changes in MRI signal intensity.

1  Introduction

With an estimated prevalence of 10–15%, endo-
metriosis is the third most common benign disease 
in women of premenopausal age after adenomyo-
sis and fibroids of the uterus (Houston 1984). 
Endometriosis affects young women, peaking at 
age 28 (Bloski and Pierson 2008). Premenarchal 
onset and occurrence in men have been reported 
(Oliker and Harris 1971; Pinkert et al. 1979; 
Schrodt et al. 1980). Most women present with 
abdominal and pelvic pain,  dysmenorrhea, dys-
chezia or other bowel-related symptoms, dysuria 
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or back pain, and fertility-related problems (Bloski 
and Pierson 2008). Many of these symptoms are 
attributable to the aggressive infiltrative nature of 
endometriosis. Endometrial tissue can occur any-
where in the body. Completely asymptomatic 
forms of endometriosis also exist (Balasch et al. 
1996; Fedele et al. 2004).

The etiology of endometriosis has not been fully 
elucidated. Six different theories about the underly-
ing mechanism exist, which are in part complemen-
tary and in part additive. Currently, the tissue injury 
and repair (TIAR) theory is considered the most 
plausible and most widely accepted explanation. 
This theory was proposed by Leyendecker and 
assumes that underlying microinjury and repair of 
the fundocornual raphe lead to enhanced hyper- and 
dysperistalsis with retrograde expulsion of basal 
endometrial tissue through the fallopian tubes into 
the abdominal cavity (Leyendecker et al. 2009). 
Leyendecker’s explanation is a sensible supplement 
to the older transplantation theory of J. A. Sampson, 
known as retrograde menstruation (1927). The 
metaplasia theory proposed by R. Meyer (1919) 
assumes that endometrial tissue outside the uterus is 
composed of dedifferentiated celomic cells, which 
have undergone transformation under various influ-
ences and thus lead to extrauterine endometrial 
implants (Matsuura et al. 1999). Generally, there 
appears to be a strong association with estrogen (Da 
Costa e Silva Rde et al. 1992). This phenomenon 
plays a role in the aromatase theory, which assumes 
an increased formation of estrogen from C19 andro-
gens, and in personalized treatment approaches 
(Zeitoun and Bulun 1999). The invasiveness and 
multifocal ectopic occurrence of the condition are 
explained by the cellular and molecular biological 
concepts with disturbed tissue integrity. 
Explanations for the lack of intrinsic defense mech-
anisms of the body against the invasive growth of 
endometriosis are proposed by immunological con-
cepts involving cytokines, growth factors, and vari-
ous hormones (Khorram et al. 1993; Halme et al. 
1988; Vinatier et al. 1996).

The diagnosis of endometriosis is difficult and 
takes on average 6 years or even longer (Hadfield 
et al. 1996). Laparoscopy, combining visual 
inspection with the option of obtaining tissue for 
histology, remains the gold standard for the diag-
nosis of endometriosis (Dunselman et al. 2014). 
Besides the initial diagnosis comprising a gyneco-

logic history and pelvic examination, laboratory 
testing (CA 125), and an ultrasound examination, 
magnetic resonance imaging (MRI) is gaining an 
increasing role, especially for preoperative map-
ping in women with extensive involvement and for 
diagnosis of recurrent endometriosis.

2  Imaging Techniques 
and Findings

2.1  Sonography

Vaginal ultrasound is the first-line diagnostic 
imaging modality in women with endometriosis; 
however, because of its limited range, it should be 
supplemented by additional examinations such as 
transrectal and/or transabdominal ultrasound and 
MRI, as well as endoscopic examinations includ-
ing rectosigmoidoscopy and cystoscopy.

Vaginal ultrasound allows identification of 
ovarian manifestations of endometriosis as well 
as involvement of directly adjacent organs such as 
the urinary bladder and intestine and also pro-
vides information for differentiation of endome-
triosis from adenomyosis of the uterus (Lazzeri 
et al. 2014). Ovarian manifestations of endome-
triosis are known as endometriomas, chocolate 
cysts, or endometriotic cysts. They are catego-
rized as benign cystic and cyst-like ovarian lesions 
and must be differentiated from other ovarian cys-
tic lesions: functional ovarian cysts (follicular and 
corpus luteum cysts), surface epithelial inclusion 
cysts, ovarian dermoid cysts, ovarian cyst mimics 
(paraovarian cyst, paratubal cyst), cyst-like 
lesions (hydrosalpinx, tubo-ovarian abscess, lym-
phocele), benign epithelial ovarian tumors (serous 
cystadenomas, cystadenofibromas, mucinous 
cystadenomas), borderline tumors, and carcinoma 
of the ovary (Fleischer et al. 1978; Atri et al. 1994; 
Ekici et al. 1996). Sonographically, ovarian endo-
metriotic cysts are hypoechoic cysts with low-
level internal echoes and no demonstration of 
intralesional flow signals by color Doppler ultra-
sound (Patel et al. 1999). There is no hyperechoic 
solid node on the wall. In up to 30% of cases, 
small hyperechoic foci consistent with cell debris, 
cholesterol deposits, or small hemorrhages are 
seen within the lesion (Savelli 2009). Such hyper-
echoic  internal foci must be differentiated from 
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wall-related hyperechoic structures with maxi-
mum diagnostic confidence to rule out a possible 
malignant component (ovarian cancer). This may 
necessitate an additional MRI examination since 
even  additional functional assessment by color 
Doppler imaging often provides no reliable diag-
nosis either (Wu et al. 2004). With its high soft 
tissue contrast, MRI appears to be a valuable non-
invasive diagnostic imaging modality for further 
evaluation of extragenital endometriotic lesions 
and second-line evaluation of some genital 
lesions: MRI primarily offers advantages in the 
characterization of nongenital endometric lesions, 
which often have a noncystic appearance (Bazot 
et al. 2004a).

Supplementary abdominal ultrasound should 
focus on the morphologic evaluation of both kid-
neys for ruling out possible secondary urinary sta-
sis, evaluation of the filled bladder to rule out 
bladder endometriosis (supplemented by cystos-
copy as needed), and on ruling out endometriosis 
of the appendix (Carmignani et al. 2010; Vercellini 
et al. 1996; Halis et al. 2010). When rectovaginal 
endometriosis is suspected, diagnostic workup 
should be supplemented by MRI and transrectal 
ultrasound and, possibly, followed by rectosig-
moidoscopy (Halis et al. 2010; Fedele et al. 1998).

2.2  MRI

Based on current knowledge, MRI has the fol-
lowing indications: second-line imaging modal-
ity for pelvic endometriosis following ultrasound 
examination, patients with clinical symptoms 
and negative and/or indeterminate sonographic 
findings (Guerriero et al. 2015, 2016), and as a 
staging investigation prior to surgery in patients 
with multifocal deep infiltrating endometriosis 
(Medeiros et al. 2015).

Despite qualitative differences in terms of spa-
tial resolution (Hottat et al. 2009; Rousset et al. 
2014; Manganaro et al. 2012) and fat suppression 
(Manganaro et al. 2012; Cornfeld and Weinreb 
2008), both 1.5 T and 3.0 T MRI appear to be suit-
able for examining women with endometriosis. 
The use of a pelvic phased-array coil is recom-
mended because of the higher signal-to-noise ratio 
(McCauley et al. 1992; Kier et al. 1993). Patients 
should be examined supine; claustrophobic patients 

may be examined in prone position. Good bowel 
preparation is essential when looking for deep 
endometriotic nodules. Peristalsis should be elimi-
nated to a maximum by administration of antiperi-
staltic medication (e.g., 1 mg glucagon (GlucaGen 
®, Novo Nordisk ®; Bagsværd, Denmark) or 
20 mg butylscopolamine (Buscopan ®, Boehringer 
Ingelheim GmbH; Ingelheim, Germany)) 
(Manganaro et al. 2014). Additional fasting for 
3–6 h before the MRI examination is recommended 
(Manganaro et al. 2012; Saba et al. 2012; Abrao 
et al. 2007; Bazot et al. 2009; Fiaschetti et al. 2012; 
Bazot et al. 2004b; Chamie et al. 2011a). Expert 
consensus about the best time of the menstrual 
cycle to perform MRI does not exist according to 
the new ESUR guidelines (Bazot et al. 2016).

Further measures to be taken before the MRI 
examination depend on the clinical symptoms and 
suspected sites of endometriosis. For example, if 
bladder endometriosis is suspected, the patient 
should have a moderately filled urinary bladder, 
which can be accomplished, for example, by having 
the patient drink 1.5 l of water 45 min before the 
examination (Grasso et al. 2010; Takeuchi et al. 
2005). Filling the rectum with ultrasound gel or 
water can potentially improve detection of endome-
trial lesions in the pouch of Douglas and the recto-
sigmoid junction (Fiaschetti et al. 2012; Takeuchi 
et al. 2005; Faccioli et al. 2010; Kikuchi et al. 2014) 
but is not mandatory. This should be done after prior 
bowel rinsing which is strongly recommended by 
several authors including the new ESUR guidelines 
(Chamie et al. 2011a; Bazot et al. 2016; Takeuchi 
et al. 2005; Yoon et al. 2010) and may possibly be 
supported by dietary measures starting up to 3 days 
before the MRI examination (Faccioli et al. 2010).

Vaginal filling with ultrasound gel is another 
optional measure and can potentially improve 
detection of endometriotic implants in the poste-
rior vaginal fornix (Fiaschetti et al. 2012; Kikuchi 
et al. 2014).

The following MRI protocol is recommended 
for endometriosis mapping:

A T2-weighted (T2w) sequence is the sequence 
of choice for the detection of pelvic endometrio-
sis, especially of the deep infiltrating type. At least 
two 2D T2w sequences – fast spin echo (FSE) and 
turbo spin echo (TSE) – in sagittal and axial 
planes (Hottat et al. 2009; Manganaro et al. 2012; 
Saba et al. 2012; Fiaschetti et al. 2012; Bazot 
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et al. 2004b; Di Paola et al. 2015; Roy et al. 2009; 
Del Frate et al. 2006; Chassang et al. 2010; Bazot 
et al. 2013; Kruger et al. 2013; Scardapane et al. 
2014) should be acquired. An additional oblique 
axial T2w can be used to check for uterosacral 
and parametrial implants (Bazot et al. 2011a; 
Bazot et al. 2012). The protocol can be optionally 
supplemented by a 3D T2w sequence, which has 
high potential for detection of deep endometriotic 
lesions (Manganaro et al. 2012; Bazot et al. 2013).

T1-weighted (T1w) spin echo (SE) sequences 
in axial and sagittal planes with and without fat 
suppression (FS) are the sequences of choice/
gold standard for the detection of ovarian endo-
metriotic cysts, comparatively rated with T2w 
sequences for definitive diagnosis (Togashi et al. 
1991). FS with a Dixon sequence enables simul-
taneous acquisition of four different T1w con-
trasts and stronger fat suppression, which is 
advantageous primarily when imaging is per-
formed at 3 tesla (Cornfeld and Weinreb 2008; 
Cornfeld et al. 2008). Preliminary results suggest 
that T1w sequences with FS have advantages in 
the detection of peritoneal endometriosis (Ha 
et al. 1994; Tanaka et al. 1996).

Deep infiltrating endometriosis continues to be 
a challenge for morphologic imaging, which is why 
there is a long controversy about which additional 
pulse sequences are most beneficial. Currently 
available data suggest that contrast-enhanced T1w 
sequences, diffusion-weighted imaging (DWI), 
and susceptibility-weighted sequences do not 
improve detection of deep infiltrating endome-
triosis (Busard et al. 2010; Bazot et al. 2011b). 
Single-shot fast spin echo (SSFSE) or half-Fourier 
acquisition single-shot turbo spin echo (HASTE) 

imaging can be used to evaluate uterine function by 
assessing uterine peristalsis and possible adhesions 
to other organs (Hodler et al. 2014).

The radiologist interpreting the MRI dataset 
should use a checklist of all potential localiza-
tions of endometriosis for structured interpreta-
tion of images. These are:
1. Ovaries

2. Vesicouterine pouch and urinary bladder

3. The vaginal wall and in particular the posterior 
fornix of the upper vaginal wall

4. The uterine ligaments including the uterosacral 
ligaments and the round ligaments, the lateral and 
anterior pelvic wall, the parametrium, and the 
peritoneum

5. Bowel, specifically the anterior rectum and the 
sigmoid, the cecum, the ileum, and the appendix

6. Rare localizations, special types, and associated 
complications

3  MR Imaging Findings

3.1  Endometriosis of the Ovaries: 
Endometriotic Cysts or 
Endometriomas

Endometrial cysts or endometriomas in this loca-
tion are hyperintense or isointense to subcutane-
ous fat on plain T1w images without a decrease 
in signal on T1w with FS; hyperintense foci on 
T1w images with FS indicate hemorrhagic depos-
its; the T2 appearance is characterized by a shad-
ing effect (Togashi et al. 1991) (Figs. 1 and 2). 
The wall appears thickened, and bilateral or mul-
tifocal lesions are common. It is important to 
identify any changes suspicious for malignancy 

Fig. 1 (a–d) A 49-year-old woman with chronic left pel-
vic pain and an office ultrasound suspicious for bilateral 
ovarian cancer. (a) Oblique view of the right ovary at 
color Doppler transvaginal ultrasound demonstrates a het-
erogeneous right ovarian mass with small hyperechoic 
foci in the wall of the cyst (arrowhead). The intra- or 
extracystic location of peripheral color Doppler flow 
(arrow) is difficult to diagnose. Pelvic MRI is performed 
to exclude ovarian cancer. (b) Axial T2-weighted FSE 
image of the pelvis shows two right-sided ovarian cysts of 
intermediate signal intensity and one left-sided ovarian 
cyst with shading of signal intensity (arrow). (c) Axial 

T1-weighted image shows bilateral T1 hyperintense con-
tent of all three cysts and a speculated nodule between the 
two ovaries (arrow) with one hypointense line extending 
from the nodule toward the anterior rectum. (d) Axial 
T1-weighted fat-suppressed T1-weighted image at the 
same level as c confirms the hemorrhagic nature of all 
ovarian cysts and the interovarian peritoneal implant, sug-
gesting endometriosis. At surgery, bilateral endometrio-
mas were attached to each other (kissing ovaries) and 
associated with severe adhesions toward the rectosigmoid. 
Pathology confirmed bilateral endometriomas without 
malignancy
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a b

c d

Fig. 2 (a–d) A 27-year-old woman undergoes MRI of the 
pelvis for characterization of a complex left ovarian mass 
with elevated serum CA 125 level. (a) Coronal 
T2-weighted image shows a hypointense mass in the left 
ovary (white star) and additional tissue between both ova-
ries and below the uterine isthmus (black arrow). (b) 
Coronal T1-weighted image at the same shows a hyperin-
tense content of the left ovarian mass (black star) that 
remains hyperintense in the fat-suppressed T1-weighted 
image in (c). (c) In addition to the hemorrhagic cyst of the 
left ovary, the hyperintense spots (black arrows) within 
the fibrous structure below the uterus and at the periphery 

of the left ovary suggest peritoneal implants of endome-
triosis and possible deep endometriosis of the retrocervi-
cal region. (d) Axial T2-weighted image through the 
cervix shows the typical T2 hypointense shading of the 
left endometrioma (white star) and abnormal thickening 
of the right uterosacral ligament (black arrow). The left 
uterosacral ligament (white arrows) is displaced medially 
toward the right uterosacral ligament with a fibrous struc-
ture at the level of the torus uterinus. Subsequent surgery 
and pathology confirmed a left endometrioma and endo-
metriosis of the torus uterinus and right uterosacral 
ligament
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such as solid nodules of intermediate T2 signal 
intensity within the cyst, peritoneal metastases, 
or thickened intracystic septa (> 3 mm). If con-
trast-enhanced T1w images have been obtained, 
suspicious changes may be suggested by contrast 
enhancement within the cyst (Wu et al. 2004). 
According to the new ESUR guidelines for com-
plex adnexal masses, contrast enhancement is 
mandatory (Bazot et al. 2016; Forstner et al. 
2016).

3.2  Endometriosis 
of the Vesicouterine Pouch 
and the Urinary Bladder

As described above, it is helpful to prepare the 
patient to ensure moderate urinary bladder filling 
for optimal detectability of endometriotic tissue 
in the bladder wall. Manifestations appear as 
nodules of low T1 and T2 signal intensity and are 

most often located in the bladder wall at the level 
of the vesicouterine pouch forming an obtuse 
angle with the bladder. Hemorrhage within a 
nodule has high T1 signal intensity (Bazot et al. 
2004b) (Fig. 3). In the event of bladder endome-
triosis, the distance to the ureterovesical junction 
and potential hydronephrosis can be assessed 
with both T2-weighted sequences and URO-MRI 
sequences.

3.3  Endometriosis of the Vaginal 
Wall and in Particular 
the Posterior Fornix 
of the Upper Vaginal Wall

Endometriosis of the vagina predominantly 
involves the upper posterior third of the vaginal 
wall. The extent of disease and locations in the 
posterior vaginal pouch profit from contrast fill-
ing of the vagina with sonographic gel (Dessole 

a b

Fig. 3 (a–e) A 36-year-old woman with a painful retro-
cervical nodule and a history of surgery for endometriosis 
1 year ago. (a) Sagittal T2-weighted image demonstrates 
a retrocervical mass extending into the rectosigmoid and 
the posterior vaginal fornix (white ellipse). The posterior 
bladder wall has a hyperintense nodule (black arrow). (b) 
Axial T2-weighted image through the center of the retro-
cervical nodule shows extension into the initial portion of 
the right uterosacral ligament (white arrow) and the ante-
rior rectal wall (white star). (c) Coronal T2-weighted 
image through the rectal wall demonstrates an extension 

of the rectal nodule into the pararectal fat (white arrows). 
(d) Sagittal T1-weighted fat-suppressed image after intra-
venous injection of paramagnetic contrast confirms vascu-
larity of the vaginal and rectal extension of the retrocervical 
nodule (black star) and shows small subserosal leiomyo-
mas (white arrows). (e) Axial T1-weighted fat-suppressed 
image through the nodule of the bladder wall demon-
strates a hemorrhagic portion (white arrow). Surgery and 
pathology confirms bladder, vaginal, retrocervical, and 
rectosigmoid deep endometriosis
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et al. 2003). Vaginal endometriosis is hypoin-
tense on T2w images and isointense on T1w 
images (Bazot et al. 2009), and the lesions may 
contain hyperintense spots in both sequences. 
Endometriosis of the posterior vagina is often 
associated with a thickened posterior cervical 
wall (Bazot and Darai 2005). Most vaginal 
lesions are associated with an obliteration of the 
pouch of Douglas extending in the upper retro-
cervical region, the lower or anterior rectosig-
moid, or both (Figs. 3 and 4).

Endometriotic tissue in the rectovaginal sep-
tum can be associated with endometriotic lesions 
of the vagina, the rectosigmoid or uterosacral 
ligaments most notably in association with deep 
infiltrating endometriosis (Bazot and Darai 
2005).

In up to 61% of cases, endometriotic lesions 
of the rectouterine pouch have high-signal-inten-
sity areas on T1w images, which correspond to 
cystic hemorrhagic components in pathologic 
correlation (Bazot et al. 2004b; Kinkel et al. 

Fig. 3 (continued)
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a b

c d

Fig. 4 (a–d) A 30-year-old woman with persistent dys-
menorrhea 3 years after laparoscopic removal of a left 
endometrioma. (a) Sagittal T2-weighted image shows 
additional tissue at the posterior wall of the uterus (white 
star) extending into the inferior wall of the sigmoid. (b) 
Sagittal T1-weighted image (same level as a) indicates a 
small hemorrhagic portion (white arrows) in the submu-
cosal of the abnormal bowel wall and within the adhesion 
between the sigmoid and the retroisthmic part of the 
uterus. (c) Coronal T1-weighted fat-suppressed image 
through the midportion of the uterus demonstrates a tubu-

lar hemorrhagic right adnexal structure compatible with 
hematosalpinx (white arrow). Other hyperintense spots in 
contact with the uterus suggest peritoneal implants. (d) 
The T2-weighted image at the same level as c shows mul-
tiple incomplete septa (white arrow) and confirms the 
tubular origin of the hemorrhagic right mass. A normal 
follicule can be seen in the left ovary (black star). 
Laparoscopic resection of the thickened sigmoid wall and 
the right tube confirmed deep endometriosis of the sig-
moid and endometriosis of the right tube
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1999). However, the absence of T1 hyperintense 
areas does not exclude the diagnosis.

3.4  Endometriosis of the Uterine 
Ligaments 
Including the Uterosacral 
Ligaments and the Round 
Ligaments, the Lateral 
and Anterior Pelvic Wall, 
and the Parametrium 
and the Peritoneum

Endometriotic infiltration of the uterine liga-
ments such as the uterosacral ligament or the 
round ligament is seen as unilateral or bilateral 
nodular lesions (regular or with stellate margins) 
and/or fibrotic thickening of the affected liga-
ments (Bazot et al. 2004b; Novellas et al. 2010) 
(Figs. 4, 5, 6, and 7). Endometriotic lesions of the 
upper posterior cervix are seen as band-like 
structures of low T2 and T1 signal intensity 
extending laterally to one or both uterosacral lig-
aments (Bazot et al. 2004b) (Figs. 5, 6, and 7). 
Nodular thickening with regular or stellate mar-
gins at the initial uterine portion of the uterosac-
ral ligament is easier to identify on T2-weighted 
images obtained in an oblique orientation per-

pendicular to the long axis of the cervical channel 
(Bazot and Darai 2005; Kinkel et al. 2006).

Parametrial and pelvic wall endometriosis 
(with muscle infiltration) is characterized by low 
T2 signal intensity, and the lesions may contain 
hyperintense spots (Bazot et al. 2012). Pelvic 
wall endometriosis may affect the pelvic muscles 
such as the piriformis, coccygeus, or obturator 
muscles leading to extension of the endometrio-
sis to the sciatic or pudendal nerve.

3.5  Endometriosis of the Bowel, 
Specifically the Anterior 
Rectum and the Sigmoid, 
the Cecum, the Ileum, 
and the Appendix

Deep infiltrating endometriotic lesions are 
defined by their morphologic appearance and sig-
nal intensity and may be found anywhere in the 
body. Most endometriotic lesions of the bowel 
are of a deep infiltrating nature and detected by 
abnormal wall thickening (Figs. 4 and 6). They 
are isointense to muscle on T2w and T1w images 
(Busard et al. 2012). Hyperintense foci on T1w 
images (+/− FS) correspond to hemorrhagic 
spots (Chamie et al. 2011b). Cavities have high 

Fig. 5 (a–e) A 40-year-old woman with unexplained dys-
menorrhea, perimenstrual hematuria, and infertility. (a) 
Sagittal T2-weighted image shows bladder wall thicken-
ing (white star), small cystic spaces within the myome-
trium, and nabothian cysts within the cervical stroma. (b) 
Coronal oblique T2-weighted image confirms a cystic and 
solid mass of the bladder wall (black arrow) typical of 
bladder endometriosis. (c) Axial oblique T2-weighted 
image through the upper portion of the bladder mass 
(white star) shows an irregular contour of the anterior 
uterus with a fibrous nodule (white arrow) in the pouch 
between the bladder and the uterus as well as cystic spaces 
in the myometrium suggesting adenomyosis. The enlarged 
right uterosacral ligament (black arrow) and anterior rec-

tal wall close to the posterior uterus (white circle) suggest 
deep endometriosis of the rectum and the right uterosacral 
ligament. (d) Contrast-enhanced T1-weighted sagittal 
image of the mid-pelvis shows the abnormally thickened 
bladder wall (white star) and a small retrocervical nodule 
(black arrow). There are indistinct margins between the 
anterior sigmoid and the posterior myometrium (white 
arrow). (e) The axial fat-suppressed T1-weighted image 
through the cervix shows hemorrhagic spots (white 
arrows) within the right uterosacral ligament, the torus 
uterinus, and the bladder wall. Surgery performed partial 
cystectomy and ablation of the right uterosacral ligament. 
Associated bowel endometriosis and adenomyosis were 
treated medically
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Fig. 6 (a–c) A 40-year-old woman with a palpable nod-
ule in the Douglas pouch and three unsuccessful in vitro 
fertilization after a cesarean section 10 years ago. (a) 
Sagittal T2-weighted image with gel filling of the vagina 
confirms a heterogeneous mass between the uterus and the 
rectum extending to the posterior vaginal fornix (white 
star). (b) Coronal T2-weighted image through the rectum 
shows localized wall thickening (black arrow) and a spic-

ulated nodule in the right pararectal fat (white ellipse) cor-
responding to a thickened portion of the mid right 
uterosacral ligament. (c) Sagittal contrast-enhanced 
T1-weighted fat-suppressed image depicts all the solid 
portions of the deep endometriotic nodule: the rectosig-
moid junction (black arrow), the torus uterinus (long 
white arrow), and the posterior vaginal cuff (short white 
arrow) confirmed by subsequent surgery and pathology
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Fig. 7 (a–c) A 36-year-old woman with painful defeca-
tion during menstruation and a sonographic suspicion of 
retrocervical endometriosis. (a) Sagittal T2-weighted 
image with gel filling of the vagina shows a “butterfly”-
shaped mass behind the cervix with the posterior wing in 
the anterior rectosigmoid junction (short white arrow) and 
the anterior wing at the torus uterinus and the posterior 
vaginal cuff (long white arrow). Ectasia of the cesarean 
scar (black arrow) displays T2 hyperintensity due to colo-
nization by normal endometrium. (b) Sagittal T1-weighted 
fat-suppressed image at the same level confirms the exten-

sion of deep endometriosis into the upper posterior vagina 
(white arrow). The hypointense portion of the cesarean 
section is due to artifacts. (c) Axial T2-weighted image 
through the cervix shows the larger part of the hypoin-
tense mass behind the cervix at the torus uterinus (white 
star) and the second smaller portion in the anterior rectal 
wall (white arrow). Extensive surgery with transvaginal 
and laparoscopic approach allowed complete resection of 
all portions of deep endometriosis, confirmed by 
pathology
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T2 signal intensity (Del Frate et al. 2006). The 
low-signal-intensity border of the intestinal wall 
on T2w images and surrounding fatty layers are 
obliterated. Extension into the surrounding fat 
can affect the intermediate portion of uterosacral 
ligaments (Fig. 5). Diagnosis of depth of wall 
infiltration is a difficult task but crucial for surgi-
cal decision-making (superficial shaving versus 
bowel resection). The lesion usually starts at the 
peritoneal portion of the wall before growing 
more deeply into the muscular and submucosal 
portion of the bowel wall. Extension into the 
mucosa is a rare finding. Other important find-
ings include number of location (one or multi-
ple), size of the lesion (length, thickness, 
transversal diameter), circumference involved, 
and the distance of the lowest portion of the 
lesions to the anal verge.

3.6  Endometriosis in Rare 
Localizations, Special Types, 
and Associated Complications

Rare sites of endometriosis include the parietal 
wall, cecum, appendix, small intestine, dia-
phragm, perineum, perigastric tissue, and sur-
rounding nerves (sciatic or pudendal nerve) 
(Novellas et al. 2010; Alizadeh Otaghvar et al. 
2014; Idetsu et al. 2007; Ceccaroni et al. 2013; 
Decker et al. 2004; Vercellini et al. 2003).

A special but common type is deep infiltrating 
endometriosis, which is particularly challenging 
for imaging. Deep implants can occur in all loca-
tions. Their morphologic MRI appearance has 
been described in the previous section. Adhesions, 
or bands of fibrous tissue, are the most common 
complications of endometriosis and can occur 
between all genital structures, causing destruc-
tion of the normal anatomy (Liakakos et al. 2001; 
Woodward et al. 2001). Adhesions can be associ-
ated with endometriosis and are difficult to iden-
tify by imaging; often they are only seen when 
they are surrounded by fluid. Therefore, it is 
important to pay attention to secondary imaging 
signs of adhesions, which include anterior rectal 
triangular attraction, angulation of bowel loops, 
abrupt changes in intestinal caliber (possibly 

with concomitant nodules), obliterated or dis-
torted genital anatomy due to strictures causing 
traction such as elevation of the posterior vaginal 
fornix, posterior displacement of the uterus or the 
ovaries, loculated fluid collections, and hydrosal-
pinx (Woodward et al. 2001). Spiculated low-
signal intensity strands converging toward deep 
peritoneal lesions of endometriosis are also sug-
gestive of adhesions (McCauley et al. 1992; 
Togashi 2002).

References

Abrao MS, Goncalves MO, Dias JA Jr, Podgaec S, 
Chamie LP, Blasbalg R (2007) Comparison between 
clinical examination, transvaginal sonography and 
magnetic resonance imaging for the diagnosis of deep 
endometriosis. Hum Reprod 22:3092–3097

Alizadeh Otaghvar H, Hosseini M, Shabestanipour G, 
Tizmaghz A, Sedehi Esfahani G (2014) Cecal endo-
metriosis presenting as acute appendicitis. Case Rep 
Surg 2014:519631

Atri M, Nazarnia S, Bret PM, Aldis AE, Kintzen G, Reinhold 
C (1994) Endovaginal sonographic appearance of benign 
ovarian masses. Radiographics 14:747–760

Balasch J, Creus M, Fábregues F, Carmona F, Ordi J, 
Martinez-Román S, Vanrell JA (1996) Visible and 
non-visible endometriosis at laparoscopy in fertile and 
infertile women and in patients with chronic pelvic 
pain: a prospective study. Hum Reprod 11:387–391

Bazot M, Darai E (2005) Sonography and MR imaging 
for assessment of deep pelvic endometriosis. J Minim 
Invasive Gynecol 12:178–185

Bazot M, Thomassin I, Hourani R, Cortez A, Darai E 
(2004a) Diagnostic accuracy of transvaginalsonogra-
phy for deep pelvic endometriosis. Ultrasound Obstet 
Gynecol 24:180–185

Bazot M, Darai E, Hourani R, Thomassin I, Cortez A, 
Uzan S, Buy JN (2004b) Deep pelvic endometriosis: 
MR imaging for diagnosis and prediction of extension 
of disease. Radiology 232:379–389

Bazot M, Lafont C, Rouzier R, Roseau G, Thomassin-
Naggara I, Darai E (2009) Diagnostic accuracy of 
physical examination, transvaginal sonography, rectal 
endoscopic sonography, and magnetic resonance 
imaging to diagnose deep infiltrating endometriosis. 
Fertil Steril 92:1825–1833

Bazot M, Gasner A, Ballester M, Darai E (2011a) Value 
of thin-section oblique axial T2-weighted magnetic 
resonance images to assess uterosacral ligament endo-
metriosis. Hum Reprod 26:346–353

Bazot M, Gasner A, Lafont C, Ballester M, Darai E 
(2011b) Deep pelvic endometriosis: limited additional 
diagnostic value of postcontrast in comparison with 
conventional MR images. Eur J Radiol 80:331–339

V. Schreiter and K. Kinkel



339

Bazot M, Jarboui L, Ballester M, Touboul C, Thomassin-
Naggara I, Darai E (2012) The value of MRI in assess-
ing parametrial involvement in endometriosis. Hum 
Reprod 27:2352–2358

Bazot M, Stivalet A, Darai E, Coudray C, Thomassin-
Naggara I, Poncelet E (2013) Comparison of 3D and 
2D FSE T2-weighted MRI in the diagnosis of deep 
pelvic endometriosis: preliminary results. Clin Radiol 
68:47–54

Bazot M, Bharwani N, Huchon C, Kinkel K, Cunha TM, 
Guerra A, Manganaro L, Buñesch L, Kido A, Togashi 
K, Thomassin-Naggara I, Rockall AG (2016) European 
society of urogenital radiology (ESUR) guidelines: 
MR imaging of pelvic endometriosis. Eur Radiol 
[Epub ahead of print]

Bloski T, Pierson R (2008) Endometriosis and chronic 
pelvic pain: unraveling the mystery behind this com-
plex condition. Nurs Womens Health 12:382–395

Busard MP, Mijatovic V, van Kuijk C, Pieters-van den Bos 
IC, Hompes PGA, van Waesberghe JH (2010) 
Magnetic resonance imaging in the evaluation of 
(deep infiltrating) endometriosis: the value of diffu-
sion-weighted imaging. J Magn Reson Imaging 
31:1117–1123

Busard MP, van der Houwen LE, Bleeker MC, van den 
Bos IC P, Cuesta MA, van Kuijk C, Mijatovic V, 
Hompes PG, van Waesberghe JH (2012) Deep infil-
trating endometriosis of the bowel: MR imaging as a 
method to predict muscular invasion. Abdom Imaging 
37:549–557

Carmignani L, Vercellini P, Spinelli M, Fontana E, 
Frontino G, Fedele L (2010) Pelvic endometriosis and 
hydroureteronephrosis. Fertil Steril 93:1741–1744

Ceccaroni M, Roviglione G, Giampaolino P, Clarizia R, 
Bruni F, Ruffo G, Patrelli TS, De Placido G, Minelli L 
(2013) Laparoscopic surgical treatment of diaphrag-
matic endometriosis: a 7-year single-institution retro-
spective review. Surg Endosc 27:625–632

Chamie LP, Pereira RM, Zanatta A, Serafini PC (2011a) 
Transvaginal US after bowel preparation for deeply 
infiltrating endometriosis: protocol, imaging appear-
ances, and laparoscopic correlation. Radiographics 
30:1235–1249

Chamie LP, Blasbalg R, Pereira RM, Warmbrand G, 
Serafini PC (2011b) Findings of pelvic endometriosis 
at transvaginal us, MR imaging, and laparoscopy. 
Radiographics 31:E77–100

Chassang M, Novellas S, Bloch-Marcotte C, Delotte J, 
Toullalan O, Bongain A, Chevallier P (2010) Utility of 
vaginal and rectal contrast medium in MRI for the 
detection of deep pelvic endometriosis. Eur Radiol 
20:1003–1010

Cornfeld D, Weinreb J (2008) Simple changes to 1.5-T 
MRI abdomen and pelvis protocols to optimize results 
at 3 T. AJR Am J Roentgenol 190:W140–W150

Cornfeld DM, Israel G, McCarthy SM, Weinreb JC (2008) 
Pelvic imaging using a T1 W fat-suppressed three-
dimensional dual echo Dixon technique at 3 T. J Magn 
Reson Imaging 28:121–127

Da Costa e Silva Rde C, Moura KK, Ribeiro Júnior CL, 
Guillo LA (1992) Estrogen signaling in the prolifera-
tive endometrium: implications in endometriosis. Rev 
Assoc Med Bras 62:72–77

Decker D, König J, Wardelmann E, Richter O, Popat S, 
Wolff M, Hirner A, Ulrich U (2004) Terminal ileitis 
with sealed perforation – a rare complication of intes-
tinal endometriosis: case report and short review of the 
literature. Arch Gynecol Obstet 269:294–298

Del Frate C, Girometti R, Pittino M, Del Frate G, Bazzocchi 
M, Zuiani C (2006) Deep retroperitoneal pelvic endo-
metriosis: MR imaging appearance with laparoscopic 
correlation. Radiographics 26:1705–1718

Dessole S, Farina M, Rubattu G, Cosmi E, Ambrosini G, 
Nardelli GB (2003) Sonovaginography is a new tech-
nique for assessing rectovaginal endometriosis. Fertil 
Steril 79:1023–1027

Di Paola V, Manfredi R, Castelli F, Negrelli R, Mehrabi S, 
Pozzi Mucelli R (2015) Detection and localization of 
deep endometriosis by means of MRI and correlation 
with the ENZIAN score. Eur J Radiol 84:568–574

Dunselman GA, Vermeulen N, Becker C, Calhaz-Jorge C, 
D’Hooghe T, De Bie B, Heikinheimo O, Horne AW, 
Kiesel L, Nap A, Prentice A, Saridogan E, Soriano D, 
Nelen W (2014) ESHRE guideline: management of 
women with endometriosis. Hum Reprod 29:400–412

Ekici E, Soysal M, Kara S, Dogan M, Gokmen O (1996) 
The efficiency of ultrasonography in the diagnosis of 
dermoid cysts. Zentralbl Gynakol 118:136–141

Faccioli N, Foti G, Manfredi R, Mainardi P, Spoto E, 
Ruffo G, Minelli L, Mucelli RP (2010) Evaluation of 
colonic involvement in endometriosis: double-contrast 
barium enema vs. magnetic resonance imaging. 
Abdom Imaging 35:414–421

Fedele L, Bianchi S, Portuese A, Borruto F, Dorta M 
(1998) Transrectal ultrasonography in the assessment 
of rectovaginal endometriosis. Obstet Gynecol 
91:444–448

Fedele L, Bianchi S, Zanconato G, Raffaelli R, Berlanda 
N (2004) Is rectovaginal endometriosis a progressive 
disease? Am J Obstet Gynecol 191:1539–1542

Fiaschetti V, Crusco S, Meschini A, Cama V, Di Vito L, 
Marziali M, Piccione E, Calabria F, Simonetti G 
(2012) Deeply infiltrating endometriosis: evaluation 
of retro-cervical space on MRI after vaginal opacifica-
tion. Eur J Radiol 81:3638–3645

Fleischer AC, James AE, Millis JB, Julian C (1978) 
Differential diagnosis of pelvic masses by gray scale 
sonography. Am J Roentgenol 131:469–476

Forstner R, Thomassin-Naggara I, Cunha TM, Kinkel K, 
Masselli G, Kubik-Huch R, Spencer JA, Rockall A 
(2016) ESUR recommendations for MR imaging of 
the sonographically indeterminate adnexal mass: an 
update. Eur Radiol [Epub ahead of print]

Grasso RF, Di Giacomo V, Sedati P, Sizzi O, Florio G, 
Faiella E, Rossetti A, Del Vescovo R, Zobel BB (2010) 
Diagnosis of deep infiltrating endometriosis: accuracy 
of magnetic resonance imaging and transvaginal 3D 
ultrasonography. Abdom Imaging 35:716–725

Endometriosis



340

Guerriero S, Ajossa S, Orozco R, Perniciano M, Jurado 
M, Melis GB, Alcazar JL (2015) Accuracy of trans-
vaginal ultrasound for diagnosis of deep endometrio-
sis in the recto-sigmoid: a meta-analysis. Ultrasound 
Obstet Gynecol 46:534–545

Guerriero S, Ajossa S, Minguez JA, Jurado M, Mais V, 
Melis GB, Alcazar JL (2016) Accuracy of transvagi-
nal ultrasound for diagnosis of deep endometriosis 
regarding locations other than recto-sigmoid: system-
atic review and meta-analysis. Ultrasound Obstet 
Gynecol 47:281–289

Ha HK, Lim YT, Kim HS, Suh TS, Song HH, Kim SJ 
(1994) Diagnosis of pelvic endometriosis: fat-sup-
pressed T1-weighted vs conventional MR images. 
AJR Am J Roentgenol 163:127–131

Hadfield R, Mardon H, Barlow DH, Kennedy S (1996) 
Delay in the diagnosis of endometriosis: a survey of 
women from the USA and the UK. Hum Reprod 
11:878–880

Halis G, Mechsner S, Ebert AD (2010) The diagnosis and 
treatment of deep infiltrating endometriosis. Dtsch 
Arztebl Int 107:446–455

Halme J, White C, Kauma S, Estes J, Haskill S (1988) 
Peritoneal macrophages from patients with endome-
triosis release growth factor activity in vitro. J Clin 
Endocrinol Metab 66:1044–1049

Hodler J, Kubik-Huch RA, Schulthess GKV, Zollikhover 
CL (2014) Diseases of the abdomen and pelvis 2014–
2017: diagnostic imaging and interventional tech-
niques: 46th International Diagnostic Course in Davos 
(IDKD), Davos, 30 Mar – 4 Apr 2014

Hottat N, Larrousse C, Anaf V, Noël JC, Matos C, Absil J, 
Metens T (2009) Endometriosis: contribution of 3.0-T 
pelvic MR imaging in preoperative assessment – ini-
tial results. Radiology 253:126–134

Houston DE (1984) Evidence for the risk of pelvic endo-
metriosis by age, race and socioeconomic status. 
Epidemiol Rev 6:167–191

Idetsu A, Ojima H, Saito K, Yamauchi H, Yamaki E, 
Hosouchi Y, Kuwano H (2007) Laparoscopic appen-
dectomy for appendiceal endometriosis presenting as 
acute appendicitis: report of a case. Surg Today 
37:510–513

Khorram O, Taylor RN, Ryan IP, Schall TJ, Landers DV 
(1993) Peritoneal fluid concentrations of the cytokine 
RANTES correlate with the severity of endometriosis. 
Am J Obstet Gynecol 169:1545–1549

Kier R, Wain S, Troiano R (1993) Fast spin-echo MR 
images of the pelvis obtained with a phased-array coil: 
value in localizing and staging prostatic carcinoma. 
AJR Am J Roentgenol 161:601–606

Kikuchi I, Kuwatsuru R, Yamazaki K, Kumakiri J, Aoki 
Y, Takeda S (2014) Evaluation of the usefulness of the 
MRI jelly method for diagnosing complete cul-de-sac 
obliteration. Biomed Res Int 2014:437962

Kinkel K, Chapron C, Balleyguier C, Fritel X, Dubuisson 
JB, Moreau JF (1999) Magnetic resonance imaging 
characteristics of deep endometriosis. Hum Reprod 
14:1080–1086

Kinkel K, Frei KA, Balleyguier C, Chapron C (2006) 
Diagnosis of endometriosis with imaging: a review. 
Eur Radiol 16:285–298

Kruger K, Behrendt K, Niedobitek-Kreuter G, Koltermann 
K, Ebert AD (2013) Location-dependent value of pel-
vic MRI in the preoperative diagnosis of endometrio-
sis. Eur J Obstet Gynecol Reprod Biol 169:93–98

Lazzeri L, Di Giovanni A, Exacoustos C, Tosti C, Pinzauti 
S, Malzoni M, Petraglia F, Zupi E (2014) Preoperative 
and postoperative clinical and transvaginal ultrasound 
findings of adenomyosis in patients with deep infiltrat-
ing endometriosis. Reprod Sci 21:1027–1033

Leyendecker G, Wildt L, Mall G (2009) The pathophysi-
ology of endometriosis and adenomyosis: tissue injury 
and repair. Arch Gynecol Obstet 280:529–538

Liakakos T, Thomakos N, Fine PM, Dervenis C, Young 
RL (2001) Peritoneal adhesions: etiology, pathophysi-
ology, and clinical significance. Dig Surg 18:260–273

Manganaro L, Fierro F, Tomei A, Irimia D, Lodise P, Sergi 
ME, Vinci V, Sollazzo P, Porpora MG, Delfini R, 
Vittori G, Marini M (2012) Feasibility of 3.0 T pelvic 
MR imaging in the evaluation of endometriosis. Eur 
J Radiol 81:1381–1387

Manganaro L, Porpora MG, Vinci V, Bernardo S, Lodise 
P, Sollazzo P, Sergi ME, Saldari M, Pace G, Vittori G, 
Catalano C, Pantano P (2014) Diffusion tensor imag-
ing and tractography to evaluate sacral nerve root 
abnormalities in endometriosis-related pain: a pilot 
study. Eur Radiol 24:95–101

Matsuura K, Ohtake H, Katabuchi H, Okamura H (1999) 
Coelomic metaplasia theory of endometriosis: evi-
dence from in vivo studies and an in vitro experimen-
tal model. Gynecol Obstet Investig 47:18–22

McCauley TR, McCarthy S, Lange R (1992) Pelvic 
phased array coil: image quality assessment for spin-
echo MR imaging. Magn Reson Imaging 10:513–522

Medeiros LR, Rosa MI, Silva BR, Reis ME, Simon CS, 
Dondossola ER, da Cunha Filho JS (2015) Accuracy 
of magnetic resonance in deeply infiltrating endome-
triosis: a systematic review and meta-analysis. Arch 
Gynecol Obstet 291:611–621

Meyer R (1919) Über den stand der Frage der 
Adenomyositis und Adenomyome im Allgemeinen 
und insbesondere über Adenomyositis seroepithelialis 
und Adenomyometritis sarcomatosa. Zentralbl 
Gynakol 36:745–750

Novellas S, Chassang M, Bouaziz J, Delotte J, Toullalan 
O, Chevallier EP (2010) Anterior pelvic endometrio-
sis: MRI features. Abdom Imaging 35:742–749

Oliker AJ, Harris AE (1971) Endometriosis of the bladder 
in a male patient. J Urol 106:858–859

Patel MD, Feldstein VA, Chen DC, Lipson SD, Filly RA 
(1999) Endometriomas: diagnostic performance of 
US. Radiology 210:739–745

Pinkert TC, Catlow CE, Straus R (1979) Endometriosis of 
the urinary bladder in a man with prostatic carcinoma. 
Cancer 43:1562–1567

Rousset P, Peyron N, Charlot M, Chateau F, Golfier F, 
Raudrant D, Cotte E, Isaac S, Réty F, Valette PJ (2014) 

V. Schreiter and K. Kinkel



341

Bowel endometriosis: preoperative diagnostic accu-
racy of 3.0-T MR enterography-initial results. 
Radiology 273:117–124

Roy C, Balzan C, Thoma V, Sauer B, Wattiez A, Leroy 
J (2009) Efficiency of MR imaging to orientate surgi-
cal treatment of posterior deep pelvic endometriosis. 
Abdom Imaging 34:251–259

Saba L, Guerriero S, Sulcis R, Pilloni M, Ajossa S, Melis 
G, Mallarini G (2012) MRI and “tenderness guided” 
transvaginal ultrasonography in the diagnosis of recto-
sigmoid endometriosis. J Magn Reson Imaging 
35:352–360

Sampson JA (1927) Peritoneal endometriosis due to the 
menstrual dissemination of endometrial tissue into the 
peritoneal cavity. Am J Obstet Gynecol 14:422–469

Savelli L (2009) Transvaginalsonography for the assessment 
of ovarian and pelvic endometriosis: how deep is our 
understanding? Ultrasound Obstet Gynecol 33:497–501

Scardapane A, Lorusso F, Scioscia M, Ferrante A, Stabile 
Ianora AA, Angelelli G (2014) Standard high-resolu-
tion pelvic MRI vs. low-resolution pelvic MRI in the 
evaluation of deep infiltrating endometriosis. Eur 
Radiol 24:2590–2596

Schrodt GR, Alcorn MO, Ibanez J (1980) Endometriosis 
of the male urinary system: a case report. J Urol 
124:722–723

Takeuchi H, Kuwatsuru R, Kitade M, Sakurai A, Kikuchi I, 
Shimanuki H, Kinoshita K (2005) A novel technique 
using magnetic resonance imaging jelly for evaluation 
of rectovaginal endometriosis. Fertil Steril 83:442–447

Tanaka YO, Itai Y, Anno I, Matsumoto K, Ebihara R, 
Nishida M (1996) MR staging of pelvic endometrio-

sis: role of fat-suppression T1-weighted images. 
Radiat Med 14:111–116

Togashi K (2002) MR imaging in obstetrics and gynecol-
ogy. Nippon Igaku Hoshasen Gakkai Zasshi 62:7–16

Togashi K, Nishimura K, Kimura I, Tdsuda Y, Yamashita 
K, Shibata T, Nakano Y, Konishi J, Konishi I, Mori T 
(1991) Endometrial cysts: diagnosis with MR imag-
ing. Radiology 180:73–78

Vercellini P, Meschia M, De Giorgi O, Panazza S, Cortesi 
I, Crosignani PG (1996) Bladder detrusor endometrio-
sis: clinical and pathogenetic implications. J Urol 
155:84–86

Vercellini P, Chapron C, Fedele L, Frontino G, Zaina B, 
Crosignani PG (2003) Evidence for asymmetric distri-
bution of sciatic nerve endometriosis. Obstet Gynecol 
102:383–387

Vinatier D, Dufour P, Oosterlynck D (1996) Immunological 
aspects of endometriosis. Hum Reprod Update 2:371–384

Woodward PJ, Sohaey R, Mezzetti TP Jr (2001) 
Endometriosis: radiologic-pathologic correlation. 
Radiographics 21:193–216

Wu TT, Coakley FV, Qayyum A, Yeh BM, Joe BN, Chen 
LM (2004) Magnetic resonance imaging of ovarian 
cancer arising in endometriomas. J Comput Assist 
Tomogr 28:836–838

Yoon JH, Choi D, Jang KT, Kim CK, Kim H, Lee SJ, 
Chun HK, Lee WY, Yun SH (2010) Deep rectosigmoid 
endometriosis: “mushroom cap” sign on T2-weighted 
MR imaging. Abdom Imaging 35:726–731

Zeitoun KM, Bulun SE (1999) Aromatase: a key molecule 
in the pathophysiology of endometriosis and a thera-
peutic target. Fertil Steril 72:961–969

Endometriosis



343Med Radiol Diagn Imaging (2017)
DOI 10.1007/174_2017_44, © Springer International Publishing AG
Published Online: 09 April 2017

Vagina and Vulva

Athina C. Tsili

A.C. Tsili
Department of Clinical Radiology, Medical School, 
University of Ioannina, University Campus,  
Ioannina 45110, Greece
e-mail: a_tsili@yahoo.gr; atsili@cc.uoi.gr

Contents

1     Introduction  343

2     Embryonic Development  
and Normal Anatomy  343

3     Imaging Appearance  
of the Normal Vagina and Vulva  345

3.1  CT Appearance  345
3.2  MRI Protocol  346
3.3  MRI Appearance  346

4     Congenital Anomalies  
of the Vagina and Vulva  348

4.1  Imperforate Hymen  349
4.2  Congenital Vaginal Septa  349
4.3  Vaginal Agenesis  350

5     Benign Conditions  
of the Vagina and Vulva  350

5.1  Vaginal Cysts  350
5.2  Inflammatory Conditions  

of the Vagina and Vulva  352
5.3  Vulvar Trauma  352
5.4  Vaginal Fistula  352
5.5  Post-Radiation Changes  353
5.6  Benign Tumors  353

6     Malignant Neoplasms  
of the Vagina and Vulva  354

6.1  Vaginal Malignancies  354
6.2  Vulvar Malignancies  360

7     Vaginal Cuff Disease  363
7.1  MRI Findings  365

8     Foreign Bodies  365

 References  367

1  Introduction

Normal vaginal and vulvar anatomy and pathol-
ogy can often be missed at CT and MRI per-
formed either for gynecologic diseases or for 
other reasons. Radiologists should be familiar 
with the normal anatomy of the vagina and vulva 
to detect and interpret pathologic findings. MRI 
represents an important diagnostic tool for the 
assessment of vaginal and vulvar diseases due to 
its multiplanar ability and superb contrast resolu-
tion. It is an essential adjunct to sonography in 
the evaluation of complex Müllerian duct anoma-
lies prior to consideration for surgery. MRI is 
also useful in staging both vaginal and vulval 
malignancies.

2  Embryonic Development 
and Normal Anatomy

The paramesonephric ducts (Müllerian ducts) 
represent the precursors of the uterus, fallo-
pian tubes, cervix, and upper vagina. The 
upper two-thirds of the vagina are formed by 
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the caudal end of the fused Müllerian ducts. 
Lateral fusion of the paramesonephric ducts 
occurs between the seventh and ninth weeks of 
gestation, when the lower segments of the 
paramesonephric ducts fuse. At this stage, a 
midline septum is present in the uterus, which 
usually regresses at about 20 weeks, although 
it may persist. Vertical fusion occurs in the 
eighth week, when the lower most fused 
paramesonephric ducts fuse with the ascend-
ing endoderm of the sinovaginal bulb. The 
lower third of the vagina is formed as the sino-
vaginal node (bulb) canalizes. The sinovaginal 
node inserts into the urogenital sinus at 
Müller’s tubercle. The hymen, a membrane 
separating the vagina from the urogenital sinus 
develops and is normally perforated by birth 
(Mann et al. 2012).

The external genitalia begin to display sexual 
differentiation during the tenth week, with com-
plete differentiation occurring around the 12th 
week (Mann et al. 2012). The unfused parts of 
the genital swellings give rise to the labia 
majora, the folds fuse anteriorly to form the 
mons pubis and anterior labial commissure, and 
posteriorly the posterior labial commissure. The 
urethral folds fuse posteriorly to form the frenu-
lum of the labia minora. The unfused urethral 
folds give rise to the labia minora. The unfused 
genital swellings enable the urogenital sinus to 
open into the anterior urethral part of the vagina 
and the vaginal vestibule. The genital tubercle 
becomes the clitoris by the 14th week (Mann 
et al. 2012).

The vagina is a 7–9-cm-long fibromuscular 
tube, extending from the vulvar vestibule to the 
uterus. It is attached to the levator ani at the 
level of the urogenital diaphragm, and is in 
close proximity to the urethra and neck-trigone 
area of the urinary bladder anteriorly, and to 
the anal canal and lower rectum posteriorly 
(Fig. 1) (Basmajian 1971; Siegelman et al. 
1997; Walker et al. 2011; Hricak et al. 1988; 
Chang 2002; Griffin et al. 2010; Gardner et al. 
2015). The vagina is anatomically divided into 
thirds, important for classifying tumor location 

and lymphatic drainage (Griffin et al. 2010; 
Gardner et al. 2015). The lower third is defined 
below the level of the bladder base, with the 
urethra anteriorly. The middle third corre-
sponds to the level of the bladder base, and the 
upper third is at the level of the vaginal forni-
ces (Fig. 2). The posterior vaginal wall is lon-
ger and ends in the posterior fornix, and the 
shorter anterior wall ends in the anterior fornix 
(Fig. 3). The vagina is lined with estrogen-sen-
sitive stratified squamous epithelium. This epi-
thelium lines a tunica propria, which has 
numerous transverse folds (rugae). Outside the 
tunica propria there is a thin muscular coat of 
longitudinal fibers and some interlacing circu-
lar ones and a thick fibro-areolar adventitious 
coat (Mann et al. 2012).

The vagina is supplied by a network of ves-
sels formed by an anastomosis between the vagi-
nal and uterine branches of the internal iliac 
artery. The middle rectal artery and internal 
pudendal artery provide additional blood supply 
to the mid and lower third of the vagina, respec-
tively. Venous drainage is via the uterine and 
vaginal venous plexuses into the internal iliac 
veins. Posteriorly, this plexus forms the recto-
vaginal septum. Lymphatic drainage of the upper 
two-thirds of the vagina is into the internal and 

POSTERIOR
FORNIX

ANTERIOR
FORNIX

CLITORIS

Fig. 1 Anatomic draft of the normal female pelvis in sag-
ittal orientation
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external iliac lymph nodes. The lower third 
drains into the superficial inguinal nodes (Griffin 
et al. 2010).

The vulva is comprised of the mons pubis, 
the labia majora and minora, the clitoris, the 
 vestibular bulb, the Bartholin glands, and the 
vestibule of the vagina. The mons pubis is 
composed of adipose tissue overlying the sym-
physis pubis and separating inferiorly into the 

labia majora. The labia minora, the two thin 
skin folds lying between the labia majora, fuse 
at the level of the glans of the clitoris. The area 
between the labia minora is the vestibule of 
the vulva, containing the vaginal introitus and 
external urethral meatus. The Bartholin glands 
located posterolateral to the vaginal introitus 
secrete lubricant via ducts into the vestibule 
(Fig. 4) (Griffin et al. 2010; Hosseinzadeh 
et al. 2012; Lee et al. 2011). The vulva is sup-
plied by branches of the external and internal 
pudendal arteries, with lymphatic drainage 
into the medial group of superficial inguinal 
nodes. Subsequent lymphatic flow is to the 
deep inguinal nodes, and then to the caudal 
external iliac nodes (Griffin et al. 2010; Lee 
et al. 2011).

3  Imaging Appearance 
of the Normal Vagina 
and Vulva

3.1  CT Appearance

CT is not considered the modality of choice for 
the evaluation of vaginal and vulvar diseases, 
due to its poor tissue characterization and the 
use of ionizing radiation. Based on the American 
College of Radiology Appropriateness Criteria, 
CT may be used to assess the local extent of 
vaginal cancer and to evaluate for nodal and dis-
tant metastases, although the sensitivity of the 

Fig. 2 Normal anatomy of the vagina in a premenopausal 
woman. Sagittal T2WI shows the three anatomic divisions 
of the vagina

Fig. 3 Sagittal T2WI in a premenopausal woman delin-
eates anterior and posterior vaginal fornices (long arrow)

Labia
majora

Labia
minora

Clitoris

Urethra

Vagina

Anus

Fig. 4 The female external genitalia (vulva)
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technique is modest compared to MRI (American 
College of Radiology 2013). However, CT is 
often the initial diagnostic examination in the 
emergency settings in patients presenting with 
abdominal pain and nonspecific clinical symp-
toms. In these cases, knowledge of the normal 
CT appearance of the vagina and vulva is useful 
to avoid misdiagnosis (Walker et al. 2011; Yitta 
et al. 2009). Multidetector CT with two-dimen-
sional multiplanar reformatted (MPR) images 
has improved visualization of the normal anat-
omy and pathology of the female pelvis (Yitta 
et al. 2009). If vaginal pathology is suspected, a 
vaginal tampon or vaginal gel may be inserted to 
better define the vagina.

The normal vagina demonstrates intense cen-
tral enhancement, which corresponds to the vagi-
nal mucosa, and a poorly enhancing peripheral 
vaginal wall, in women of childbearing age 
(Fig. 5). In postmenopausal women, the vaginal 
mucosa has similar CT density to that of the vagi-
nal wall and adjacent pelvic structures (Walker 
et al. 2011; Yitta et al. 2009). Vaginal pathology 
may be difficult to assess on CT due its similar 
density with the surrounding soft-tissue struc-
tures (Walker et al. 2011).

The vulva appears as a triangular soft-tissue 
structure within the perineum, bounded by the 
symphysis pubis anteriorly, the anal sphincter 
posteriorly, and the ischial tuberosities laterally 
(Griffin et al. 2010).

3.2  MRI Protocol

Conventional MRI sequences obtained with a 
phased-array pelvic coil are usually diagnostic for 
the evaluation of the normal vaginal and vulvar 
anatomy and diseases (Walker et al. 2011; Griffin 
et al. 2010; Gardner et al. 2015; López et al. 2005). 
The use of a dry tampon or vaginal gel, although 
not included in routine practice provides better 
distension and visualization of the vagina, espe-
cially recommended in the assessment of vaginal 
malignancies (Gardner et al. 2015). The endoanal 
endoluminal coil can also be used to provide high-
resolution images of the rectum, anal canal, recto-
vaginal septum, and vagina, although the small 
field of view represents a limitation (Griffin et al. 
2010). Axial T1-weighted (T1WI) and 
T2-weighted images (T2WI) and sagittal T2WI 
are included in the standard MRI protocol. High-
resolution axial T2WI with thin slices and small 
field of view is useful in imaging vaginal and vul-
var pathology and especially tumors. Coronal 
T2WI is used for the assessment of congenital 
anomalies, with a large field of view to include the 
kidneys. Fat-suppressed axial T1WI improves 
detection of hemorrhagic or proteinaceous lesions 
and distinguish them from fat. T2WI with fat sup-
pression is useful for the assessment of vaginal 
fistulas (Walker et al. 2011; Griffin et al. 2010; 
Gardner et al. 2015; López et al. 2005). Three-
dimensional dynamic contrast-enhanced (DCE) 
images after intravenous administration of gado-
linium are recommended in a sagittal orientation 
in cases of vaginal malignancies (Gardner et al. 
2015). The role of diffusion-weighted imaging is 
currently unknown, but may be promising.

3.3  MRI Appearance

At MRI, the vagina has uniform T1 signal, resem-
bling that of skeletal muscles (Fig. 6a). The vagi-
nal wall anatomy is best depicted on T2WI, similar 
to the zonal anatomy of the uterus. The mucosa 
along with any intraluminal secretions appears as 
a thin layer of bright T2 signal. Surrounding the 
vaginal mucosa is a submucosal layer of collagen 
and elastic fibers and a muscularis consisting of 

Fig. 5 Transverse MPR (portal phase) in a young woman 
depicts normally enhancing vaginal mucosa (long arrow)
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inner longitudinal and outer circular smooth mus-
cle, exhibiting a low T2 signal. The outer connec-
tive tissue layer of the vaginal wall contains a 
prominent plexus of veins as well as the vaginal 
arteries and nerves. This layer appears hyperin-
tense on T2WI, due to slow venous blood flow 
(Fig. 6b, c) (Siegelman et al. 1997; Walker et al. 
2011; Griffin et al. 2010; Gardner et al. 2015; 
López et al. 2005; Taylor et al. 2007). Following 
intravenous administration of gadolinium, the vag-
inal mucosa enhances (Fig. 7). With the use of 
vaginal gel, the hyperintense mucosal layer is 
obscured by the hyperintense gel and only two lay-
ers are seen, the hypointense muscularis and the 
hyperintense adventitia (Gardner et al. 2015).

The MRI appearance of the normal vagina 
changes with patient age and phase of the men-

a

c

b

Fig. 6 Normal vaginal anatomy at MRI in a 25-year-old 
woman. (a) Axial T1WI depicts normal vagina mainly 
isointense to the surrounding muscles. Note that the middle 
layer of the vagina has low signal intensity (arrow). T2WI in 
(b) transverse and (c) sagittal orientation depicting the zonal 

anatomy of the vagina. The fibromuscular wall is of low sig-
nal intensity (arrowhead), surrounding a thin hyperintense 
layer, which corresponds to the vaginal mucosa and intralu-
minal mucus. External to the fibromuscular wall is a hyper-
intense layer containing a prominent venous plexus (arrow).

Fig. 7 Dynamic contrast-enhanced subtracted MR image 
(early phase) in sagittal orientation in a premenopausal 
woman shows normal enhancement of the vaginal mucosa 
(arrowhead)
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strual cycle (Siegelman et al. 1997; Walker et al. 
2011; Griffin et al. 2010; López et al. 2005; Taylor 
et al. 2007). Vaginal mucosa is relatively thin 
before menarche and after menopause. The vaginal 
wall and central mucus have the highest T2 signal 
and maximal thickness during the midsecretory 
phase of the menstrual cycle. Maximal T2 contrast 
between the vaginal wall and the surrounding pel-
vic fat is seen during the early proliferative or late 
secretory phase. In postmenopausal women who 
are undergoing hormone replacement therapy, the 
MRI appearance of the vagina is similar to that in 
premenopausal females (Walker et al. 2011).

At MRI, the vulva shows low to intermediate 
T1 signal and slightly high T2 signal (Fig. 8) 
(Griffin et al. 2010).

4  Congenital Anomalies 
of the Vagina and Vulva

Congenital anomalies of the vagina are associated 
with other Müllerian duct anomalies (MDAs) which 
result from non-development or fusion defects of the 
Müllerian ducts. The true incidence and prevalence 
of MDAs are difficult to assess. The close embryo-
logic proximity of the Müllerian and Wolffian sys-
tems explains the association of MDAs with renal 
anomalies, the latter reported in 30–80% of cases. 
MRI is currently the modality of choice for the eval-
uation of patients with ambiguous genitalia and sus-
pected MDAs, helping to demonstrate the presence 
or absence of the vagina, uterus, and ovaries, there-
fore, obviating unnecessary diagnostic  laparoscopy. 

a

c

b

Fig. 8 (a) Axial T1WI shows normal vulva (arrowhead) 
with intermediate signal intensity, similar to that of mus-
cles. T2WI in (b) axial and (c) sagittal orientation depicts 

vulva (arrowhead) with intermediate signal intensity, 
similar to that of normal myometrium (arrow)
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In cases of congenital vaginal anomalies, MRI 
provides information about the location, thickness, 
and type of congenital obstruction, all of which 
are important factors in surgical planning (Walker 
et al. 2011; Griffin et al. 2010; López et al. 2005; 
Junqueira et al. 2009; Troiano and McCarthy 2004).

4.1  Imperforate Hymen

Imperforate hymen is the commonest congenital 
anomaly of the female genital tract. It is usually 
detected after menarche, when the patient pres-
ents with cyclic abdominal pain and primary 
amenorrhea. Imaging is rarely indicated, since 
the diagnosis is made at clinical examination 
(Walker et al. 2011).

4.2  Congenital Vaginal Septa

Congenital vaginal septa, both longitudinal and 
transverse may occur either in isolation or with 
other MDAs. These septa appear as thin, hypoin-
tense structures on MRI, best detected on T2WI 
(Walker et al. 2011; Griffin et al. 2010; López 
et al. 2005).

Longitudinal vaginal septa arise either as a 
failure of lateral fusion of the Müllerian ducts or 
due to incomplete resorption of the vaginal sep-
tum. They are present in 75% of cases of uterine 
didelphys. A transverse vaginal septum may also 
be seen, usually in the upper third of the vagina. 
Longitudinal vaginal septa may go unrecognized, 
both clinically and radiologically, if no obstruc-
tion is present. When obstruction is present, the 
septum is best delineated on T2WI, which helps 
differentiate the hypointense septum from the 
hyperintense intracavitary secretions and blood 
(Fig. 9) (Walker et al. 2011; Griffin et al. 2010).

A transverse vaginal septum may present in 
an adolescent girl with primary amenorrhoea, 
abdominal pain, and an abdominal mass if the 
septum is complete, or later in life with dys-
pareunia and dysmenorrhoea, if the septum is 
 incomplete. It is not associated with other uro-
logical congenital anomalies or MDAs (López 
et al. 2005). It may occur at any level within 
the vagina, although it is more often seen at the 
junction of the upper and middle thirds, or at the 
junction of the embryologic sinovaginal plate 
and the fused Müllerian ducts. MRI is the modal-
ity of choice for the identification of transverse 
vaginal septum, providing useful information for 

a b

Fig. 9 Longitudinal vaginal septum in the context of a 
uterus bicornuate and bicollis, with right vagina 
obstructed. (a) Axial fat-suppressed T2WI depicts double 

vagina (arrow) (b) Coronal T2WI shows obstructed right 
vagina (arrowhead) (Courtesy Dr. Forstner R, Salzburg, 
Austria)
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surgical planning (Fig. 10). The detection of the 
cervix at MRI is important in these patients, for 
differentiating between a high transverse septum 
and congenital absence of the cervix. The surgi-
cal procedure of choice for the latter condition 
is hysterectomy, instead of reconstructive surgery 
(Walker et al. 2011; López et al. 2005).

4.3  Vaginal Agenesis

Vaginal agenesis, both complete and partial is 
rare and may be isolated or associated with other 
MDAs. The commonest cause is Mayer–
Rokitansky–Kuster–Hauser (MRKH) syndrome, 
presenting with two types. Type 1 is an isolated 
abnormality, with normal ovaries, fallopian tubes, 
and external genitalia. Type 2 is associated with 
urinary tract abnormalities in 40% of cases. 
Although the diagnosis of vaginal agenesis is pri-
marily made at clinical examination, imaging is 
often performed, especially in patients who pres-
ent with a palpable abdominal mass (Walker 
et al. 2011; Griffin et al. 2010; López et al. 2005).

5  Benign Conditions 
of the Vagina and Vulva

5.1  Vaginal Cysts

Vaginal cysts are often seen as incidental find-
ings at imaging evaluation. MRI helps in assess-
ing the anatomic location of these cysts and in 
differentiating them from other regional cystic 
structures, including periurethral cysts (skene 
gland cysts), cervical (nabothian) cysts, and ure-
thral diverticula (Walker et al. 2011; Griffin 
et al. 2010; Hahn et al. 2004; Chaudhari et al. 
2010). Vaginal cysts are typically detected as 
well-delineated lesions, isointense relative to 
fluid at MRI, with low T1 signal and very high 
T2 signal. In the presence of proteinaceous, 
mucinous, or hemorrhagic contents, intermedi-
ate to high T1 signal may be seen. Neither the 
cyst nor its wall normally enhances. Infection 
should be suggested if there is thickening of the 
cyst wall or wall enhancement (Fig. 11) (Walker 
et al. 2011; Griffin et al. 2010; Hahn et al. 2004; 
Chaudhari et al. 2010).

a b

Fig. 10 Vaginal atresia in a 16-year-old female caused by 
a transverse vaginal septum. T1WI in (a) transverse and 
(b) sagittal orientation shows a massively dilated vagina 

containing blood products (Courtesy Dr. Forstner R, 
Salzburg, Austria)
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5.1.1  Gardner Duct Cyst 
(Mesonephric Cyst)

Gartner duct cysts are embryologic secretory 
retention cysts that arise from incomplete regres-
sion of the mesonephric ducts. These cysts typi-
cally occur in the anterolateral wall of the upper 
third of the vagina, above the level of the most 
inferior aspect of the pubic symphysis. They are 
detected in 1–2% of female pelvic MRIs. They 
are usually small, less than 2 cm in diameter 
and asymptomatic. Occasionally, Gartner duct 
cysts are seen in association with other Wolffian 
abnormalities, such as unilateral renal agenesis, 
renal hypoplasia, and ectopic ureteral insertion. 
On imaging, differential diagnosis from ure-
thral diverticula is usually not difficult, because 
diverticula form around the urethra, and Gartner 
duct cysts are located posteriorly in the vagina 
(Siegelman et al. 1997; Walker et al. 2011; 

Griffin et al. 2010; López et al. 2005; Hahn et al. 
2004; Chaudhari et al. 2010).

5.1.2  Bartholin Gland Cyst
Bartholin glands are small, mucin-secreting 
glands that derive from the urogenital sinus and 
are located at the posterolateral vaginal introitus, 
medial to the labia minora. Bartholin gland cyst 
formation results from blockage of the drainage 
duct by a stone or a stenosis related to prior infec-
tion or trauma. It represents the commonest vulval 
cyst predominantly seen in women of reproduc-
tive age. These cysts are usually small, 1–4 cm in 
diameter and asymptomatic, but may require 
drainage in cases of superimposed infection or 
abscess formation (Fig. 11). Their typical location 
in the posterolateral inferior third of the vagina, 
medial to the labia minora and at or below the 
level of the pubic symphysis, helps to differentiate 

a b

c

Fig. 11 Bartholinitis complicated by abscess in a 
31-year-old woman presenting with a painful vulvar mass. 
Axial (a) T2WI, (b) fat-saturated T1WI after gadolinium 
administration, and (c) ADC map demonstrate a thick-
walled cystic mass within the distal right posterolateral 
vaginal wall (arrow). The lesion is hyperintense on T2WI, 

with high signal intensity in the surrounding tissues due to 
edema and irregular rim enhancement. The presence of a 
small amount of air (arrowhead) within the mass and sig-
nificantly restricted diffusion suggests abscess formation 
(Courtesy Dr. Forstner R, Salzburg, Austria)
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them from Gartner duct cysts (Walker et al. 2011; 
Griffin et al. 2010; López et al. 2005; Hahn et al. 
2004; Chaudhari et al. 2010).

5.2  Inflammatory Conditions 
of the Vagina and Vulva

5.2.1  Vaginal Infections
Infections of the vagina are common, caused by 
number of pathogens (viral, bacterial, fungal). 
It is a clinical diagnosis and imaging is rarely 
needed. On MRI, thickening of the vaginal wall 
may be seen, associated with increased T2 signal 
of the vaginal mucosa or of the entire wall, as well 
as enhancement after gadolinium administration.

5.2.1.1 Vulvar Infections
The vulva is vulnerable to community-acquired 
infections. Predisposing risk factors include 
obesity and diabetes mellitus. An increase 
in community-acquired methicillin-resistant 
Staphylococcus aureus colonization of the 
perineum and lower genital tract has been 
reported, representing the cause of infection 
in healthy, non-immunocompromised women, 
which leads to abscess formation and tissue 
necrosis. Vulvar edema in pregnancy may also 
be complicated with secondary infections such 
as cellulitis, abscess, and necrotizing fasciitis 
or Fournier gangrene. CT represents the modal-
ity of choice for the diagnosis, estimation of the 
extent of the disease, and guidance of the surgical 
approach in complicated vulvar infections. CT 
findings in Fournier gangrene include soft-tissue 
thickening, inflammation, abscess formation, 
and subcutaneous emphysema. Subcutaneous 
gas may diffuse along fascial planes, extending 
from the perineum to the inguinal regions, thighs, 
body wall, and retroperitoneum (Hosseinzadeh 
et al. 2012).

5.2.1.2 Vulvar Thrombophlebitis
Vulvar or labial thrombophlebitis is a rare condi-
tion, seen in preexisting varicose veins, either 
during pregnancy or the postpartum period. MRI 
and Doppler US are both reliable in helping 
establish the diagnosis, although MRI provides a 

larger field of view for assessing the extent of the 
thrombosis. At MRI, acute occlusive venous 
clots result in hyperintense T1 and T2 lesions 
within an expanded vessel. Perivascular inflam-
mation is a useful ancillary finding in acute 
venous thrombosis (Hosseinzadeh et al. 2012).

5.3  Vulvar Trauma

Genital traumatic injuries may be related to 
sexual abuse and iatrogenic obstetric conditions. 
Nonobstetric accidental genital trauma is more 
often the result of straddle injuries (accounting for 
70% of cases), but may also be due to non-strad-
dle blunt and penetrating trauma (Hosseinzadeh 
et al. 2012; Ssi-Yan-Kai et al. 2015). The labia 
are the most frequent site of injury, but extension 
to the perineum may be seen in 20% of patients. 
CT is useful in detecting a heterogenous, mainly 
hyperdense mass, representing hematoma, and 
assessing for active extravasation with the use 
of intravenous contrast material (Hosseinzadeh 
et al. 2012; Ssi-Yan-Kai et al. 2015).

5.4  Vaginal Fistula

Vaginal fistulas can form between the vagina and 
neighboring organs, namely the urinary bladder, 
ureter, urethra, or bowel. The two commonest vag-
inal fistulas are vesicovaginal and rectovaginal. 
Most cases are related to complications of hyster-
ectomy. Other causes include congenital anoma-
lies, birth trauma, malignancies, pelvic irradiation, 
inflammatory bowel disease, diverticular disease, 
or genitourinary instrumentation. MRI has great 
potential for both the detection and characteriza-
tion of fistulas in and around the vagina, with a 
reported accuracy of 91%. Fistulous tracts are usu-
ally detected hyperintense on T2WI and fat-sup-
pressed T2WI or as an air-filled tract of low signal 
intensity. Wall enhancement and loss of interven-
ing fat planes may be seen on fat-suppressed 
delayed contrast-enhanced T1WI. Sagittal orienta-
tion is recommended for the detection of vesico-
vaginal fistulas (Fig. 12). Both CT and MRI may 
provide additional information regarding extralu-
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minal disease and possible complications (e.g., 
abscesses) (Siegelman et al. 1997; Griffin et al. 
2010; Gardner et al. 2015).

5.5  Post-Radiation Changes

In the first 6 months following pelvic irradiation, 
the vaginal wall may appear hyperintense on 
MRI, due to mucosal and intramuscular edema. 
These acute changes are usually transient and 
reversible. Mild chronic post-radiation changes 
may include mucosal atrophy, narrowing and 
foreshortening of the canal, and vaginal stenosis. 
Vaginal wall may have low signal intensity in this 
stage. In cases of severe radiation injury, vaginal 
necrosis and fistulation may occur (Fig. 12) 
(Siegelman et al. 1997; Griffin et al. 2010).

In the context of malignancy, differentia-
tion between post-radiation fibrosis and tumor 
recurrence may be made on T2WI in most cases, 
12–18 months after treatment, since fibrosis 
appears hypointense compared to tumor, which 
is hyperintense. Before this period, fibrosis 
may show high T2 signal due to inflammation 

and edema related to acute radiation changes 
and therefore, differentiation from recurrent 
malignancy is difficult (Siegelman et al. 1997; 
Griffin et al. 2010). In these cases, DCE-MRI 
is  particularly helpful. Fibrosis usually does not 
show early and strong enhancement, while malig-
nancy enhances early and avidly (Siegelman 
et al. 1997).

5.6  Benign Tumors

A variety of benign tumors may arise in the 
vagina, including leiomyoma, cavernous heman-
gioma, fibroepithelial polyp, and rhabdomyoma. 
Most solid vaginal masses are readily diagnosed 
at clinical examination and are easily excised to 
establish a histologic diagnosis. However, MRI 
may provide the best differentiation between nor-
mal vagina and vaginal masses, proved helpful in 
tumors that are not assessed at clinical examina-
tion (Walker et al. 2011; Griffin et al. 2010).

Vaginal leiomyomas are rare and may derive 
from the smooth muscle of the vagina, local 
 arterial musculature, or smooth muscle of the 

a b

Fig. 12 Sagittal (a) T2WI and (b) dynamic contrast-
enhanced subtracted MR image (early phase) depict an 
air-filled rectovaginal fistula (long arrow) in a 60-year-old 

woman with a history of prior hysterectomy and radiation 
therapy for cervical carcinoma. Radiation also induced 
fatty bone marrow replacement
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bladder or urethra. The commonest location for 
vaginal leiomyomas is the anterior vaginal wall. 
Imaging findings resemble those of uterine leio-
myomas. Typical leiomyomas appear homoge-
neous of low T1 and T2 signal (Fig. 13). They 
may undergo degeneration, with hyaline degen-
eration demonstrating low T2 signal, myxoid and 
cystic degeneration showing high T2 signal, and 
hemorrhagic degeneration demonstrating high 
signal on both T1WI and T2WI (Walker et al. 
2011; Griffin et al. 2010). MRI is particularly 
useful for distinguishing a vaginal leiomyoma 
from an “aborting” uterine leiomyoma or other 
atypical vaginal mass (Walker et al. 2011).

6  Malignant Neoplasms 
of the Vagina and Vulva

6.1  Vaginal Malignancies

6.1.1  Primary Vaginal Carcinoma
Primary vaginal carcinoma is rare, accounting for 
only 2–3% of gynecological malignancies and less 
than 20% of vaginal neoplasms. It is defined as 
arising only from the vagina, with no involvement 

of the external os superiorly or the vulva inferiorly, 
the importance of this definition  correlating with 
the different approaches in the treatment of cervi-
cal and vulval carcinoma.

Squamous cell carcinoma (SCC) accounts for 
approximately 90% of vaginal malignancies. It is 
more common in postmenopausal females 
(median age at presentation, 60 years) and fre-
quently involves the proximal third of the vagina 
and the posterior wall. Clinically, most women 
present with painless vaginal bleeding, or less 
often with abnormal vaginal discharge, urinary 
tract symptoms, pelvic pain, or a feeling of a 
mass in the vagina. SCC of the vagina tends to 
spread early by direct invasion of the bladder and 
urethra anteriorly and the rectum posteriorly. 
Approximately, one-third of patients have pelvic 
or inguinal lymph node metastases at diagnosis.

The precursor for vaginal carcinoma, vaginal 
intraepithelial neoplasia, and invasive vaginal 
cancer is strongly associated with human papillo-
mavirus (HPV) infection. Both have similar risk 
factors as those for cervical carcinoma, including 
tobacco use, younger age at coitarche, HPV, and 
multiple sexual partners. Increased incidence of 
vaginal carcinoma is observed in women with a 

a b

Fig. 13 Leiomyoma of the anterior vaginal wall. T2WI in 
(a) sagittal and transverse (b) orientation (vagina with 
gel) demonstrates a well-circumscribed vaginal mass 

(long arrow) of decreased signal intensity (Courtesy 
Dr. Forstner R, Salzburg, Austria)
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previous diagnosis of cervical  cancer or cervical 
intraepithelial neoplasia (Walker et al. 2011; 
Griffin et al. 2010; Gardner et al. 2015; López 
et al. 2005; Chang et al. 1988; Parikh et al. 2008).

Staging of the disease is primarily based on 
clinical examination by the International Federation 
of Gynecology and Obstetrics (FIGO) system 
(Table 1) (FIGO Committee on Gynecologic 
Oncology 2009). Pelvic examination continues to 
be the primary modality for the evaluation of the 
extent of the disease, although it has limitations, 
such as the inability to detect metastatic lymphade-
nopathy and the difficulty to assess local tumor 
infiltration. Therefore, FIGO encourages the use of 
cross-sectional imaging, including CT and MRI 
(FIGO Committee on Gynecologic Oncology 
2009). Although CT is recommended for staging, 
MRI may provide superior evaluation of tumor vol-
ume and local extension, both for initial staging 
and follow-up, to allow for better treatment plan-
ning (Walker et al. 2011; Gardner et al. 2015; 
López et al. 2005; Parikh et al. 2008). Furthermore, 
MRI may be valuable in depicting pelvic anatomy 
for surgical and radiation therapy planning.

Primary vaginal carcinoma has a 5-year sur-
vival rate of about 80% for stage I or II disease, 
falling to 20% for stage III or IV disease. Because 
vaginal carcinoma is rare, treatment planning 
remains less well defined, often individualized and 
extrapolated from institutional experience and out-
comes in cervical cancer. There is an increasing 
trend towards organ preservation and treatment 
strategies based on combined external beam radia-

tion and brachytherapy, often with concurrent che-
motherapy, with surgery being reserved for 
patients with in situ or very early stage disease 
(American College of Radiology 2013).

6.1.1.1 MRI Findings
Vaginal carcinoma is best detected on T2WI, as a 
mass of intermediate to high signal intensity that 
can be seen as separate from the hypointense 
vaginal wall. Some neoplasms may contain 
hyperintense foci, probably representing tumoral 
necrosis; this finding should raise the possibility 
of a poorly differentiated component, including 
adenosquamous carcinoma, mucinous adenocar-
cinoma, or metastases. The tumor appears isoin-
tense on T1WI, and its presence could be 
suggested in lesions large enough to alter the 
vaginal contour (Walker et al. 2011; Gardner 
et al. 2015; Taylor et al. 2007).

Stage I tumors are limited to the vaginal 
mucosa and appear as a mass expanding and fill-
ing the vagina, but with preservation of the low 
T2 signal of the vaginal wall. In stage II, tumor 
extension into the paravaginal tissues is well 
appreciated on MRI by loss of the low T2 signal 
of the vaginal wall and the presence of abnormal 
low T1 signal in the paravaginal fat, best detected 
on axial plane. In stage III, tumor extends later-
ally to the pelvic sidewall, which is best seen on 
axial and coronal orientations. On MRI, pelvic 
sidewall invasion is defined as tumor spread 
within 3 mm of the internal obturator, levator ani 
or piriformis muscles, and/or iliac vessels. 
Increased T2 signal related to edema or direct 
invasion of the tumor into the musculature may 
be seen. Tethering of the musculature is also 
occasionally detected. In stage II and III tumors, 
coronal T2WI should be performed to evaluate 
also for possible hydronephrosis. In stage IVA, 
disease has directly spread beyond the true pelvis 
and/or invaded the rectum or urinary bladder. 
Loss of the intervening fat planes and of the nor-
mal hypointense T2 signal of the bladder or rectal 
wall, sometimes associated with contour abnor-
mality such as irregularity and nodularity along 
the wall are findings suggestive of invasion 
(Fig. 14). Abnormal enhancement of the bladder 
or rectal wall and/or direct extension of neoplasm 

Table 1 TNM and FIGO staging for vaginal cancer

TNM FIGO Definition

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ (preinvasive)

T1 I Tumor confined to vagina

T2 II Tumor invades paravaginal tissues 
but does not extend to pelvic wall

T3 III Tumor extends to pelvic wall

T4 IVA Tumor invades mucosa of the bladder 
or rectum or shows direct extension 
beyond the true pelvis; bullous edema 
is not sufficient to allow classification 
as T4

M1 IVB Distant metastases
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into the bladder or rectum are other signs sugges-
tive of infiltration. Multiple planes are often nec-
essary to verify the presence or absence of 
neighboring organ invasion. The overall accuracy 
of MRI in diagnosing bladder and rectal invasion 
is high, ranging from 96 to 99%. However, MRI 
may overstage bladder involvement as it is diffi-
cult to differentiate peritumoral edema (bullous 
edema) and inflammation from tumor infiltration; 
in these cases correlation with cystoscopy is nec-
essary. In stage IVB, disease spreads beyond the 
pelvis and may involve the peritoneum and small 
or large bowel loops. The most common sites of 

distant metastases are the lung, liver, and bones 
(Walker et al. 2011; Gardner et al. 2015; López 
et al. 2005; Parikh et al. 2008).

MRI findings of staging primary vaginal car-
cinoma are presented in Table 2.

6.1.1.2 Lymph Node Drainage
Lymph node drainage is important as vaginal 
carcinoma commonly appears with metastatic 
lymphadenopathy, even in early stages, with 
reported rates 6–14% for stage I and 26–32% 
for stage II disease. The upper third of the 
vagina drains into the external iliac and para-

a b

c d

Fig. 14 FIGO stage IVA squamous cell carcinoma of the 
vagina. (a) T2WI and (b) post-gadolinium fat-saturated 
T1WI in sagittal orientation show a large, heterogenous 
mass replacing the vagina. The tumor appears mainly 
hyperintense on T2WI, strongly and inhomogeneously 
enhancing after gadolinium administration. Non-
enhancing parts of the mass (asterisk) corresponded to 

areas of necrosis on pathology. Loss of the intervening fat 
planes between the neoplasm and the urethra/rectum sug-
gests invasion. Foley catheter (arrow). (c) T1WI and (d) 
T2WI in transverse orientation depict vaginal carcinoma 
(arrow) invading the urinary bladder and the left puborec-
talis muscle (long arrows) (Courtesy Dr. Forstner R, 
Salzburg, Austria)
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aortic chain, the middle third into the common 
and internal iliac chains, and the lower third into 
the superficial inguinal, femoral, and perirectal 
nodal chains. However, these patterns of lym-
phatic drainage are highly variable and unreli-
able (Gardner et al. 2015). Both CT and MRI 
may be used for the evaluation of metastatic 
lymphadenopathy.

6.1.1.3 Recurrence and Complications
Local recurrences in vaginal cancer are the most 
common, usually seen within the first few years 
after initial diagnosis, almost 80% by 2 years 
and 90% by 5 years. The stage of the disease has 
been proved to be the main predictive variable 
for recurrence, reported to occur at 24% of cases 
for stage I disease, up to 73–83% of cases for 
stage IV disease. Tumors of the upper third of 
the vagina tend to recur locally, whereas those of 
the lower third are more often associated with 
pelvic sidewall invasion or even distant recur-
rence. In patients with recurrence, 5-year sur-
vival rate is poor, approximating 12% (Gardner 
et al. 2015; Parikh et al. 2008). MRI is useful in 
staging patients with vaginal carcinoma recur-
rence, with an overall accuracy of 82–95% 
(Gardner et al. 2015).

Common posttreatment complications in 
patients with vaginal carcinoma include radi-
ation-induced bladder, rectal, and vaginal tox-
icity. Complications usually occur within the 
first 5 years of treatment, but may be seen up 
to 20 years later. FIGO stage, tumor size, and 
total radiation dose predict higher likelihood of 
complications. On imaging, post-radiation com-
plications are common, reported in up to 30% 
of patients, with rectovaginal and vesicovaginal 
fistulas seen in 21%. Cystitis, proctitis, bowel 
stricture and perforation, pelvic bone osteonecro-
sis, and stress fractures may also occur. Various 
imaging modalities can be used to assess com-
plications, including MRI (Gardner et al. 2015; 
Parikh et al. 2008).

6.1.2  Non-squamous Cell Carcinomas 
of the Vagina

Non-squamous cell carcinomas account for 15% 
of all primary vaginal carcinomas. These tumors 
usually are diagnosed at early stage, in younger 
age, and have better prognosis. However, they are 
more likely to recur than SCCs, often within 
1–7 years after the diagnosis of primary tumor 
(Parikh et al. 2008; Tsuda et al. 1999).

6.1.2.1 Adenocarcinoma
Adenocarcinomas account for 9% of primary 
vaginal malignancies. The mean age at diagnosis 
is 19 years; two-thirds of those women have a 
history of exposure to diethylstilbestrol in utero, 
dating from the 1950–1970s, when diethylstil-
bestrol was given to mothers at risk for miscar-
riage. Primary vaginal adenocarcinoma mainly 
involves the upper third and the anterior wall of 
the vagina. On MRI, it appears either as a bulky 
lobulated vaginal mass, hyperintense on T2WI or 
as diffuse circumferential thickening of the vagi-
nal wall (Parikh et al. 2008; Tsuda et al. 1999).

6.1.2.2 Melanoma
Primary vaginal malignant melanoma accounts 
for less than 3% of all vaginal malignancies. 
Only less than 0.5–2% of all melanomas in 
women affect the vagina, the vulva representing 
the commonest site. It often manifests in post-
menopausal women, with a predilection for the 
lower vaginal third and the anterior and lateral 

Table 2 MRI staging of vaginal cancer

Stage MRI findings

I Tumor confined within the vagina, with 
preservation of the low T2 signal of the 
vaginal wall

II Disruption of the low T2 signal of the vaginal 
wall, abnormal low T1 signal in the 
paravaginal fat

III Tumor spread within 3 mm of the internal 
obturator, levator ani, or piriformis muscles 
and/or iliac vessels. Increased T2 signal of the 
musculature and/or direct invasion of the 
tumor

IV Tumor spreads beyond the true pelvis and/or 
invades the bladder or rectum

IVA Loss of the intervening fat planes, loss of the 
normal hypointense T2 signal of the bladder 
or rectal wall, contour abnormality, abnormal 
enhancement of the bladder or rectal wall, or 
direct extension of neoplasm into the bladder 
or rectum

IVB Distant metastases (lung, liver, bones)
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walls. MRI  features are variable. These tumors 
may present with typical high T1 signal and low 
T2 signal, due to the paramagnetic effects of 
melanin and methemoglobin from intratumoral 
necrosis or hemorrhage. Amelanotic melanomas 
may appear with low T1 signal and intermedi-
ate to high T2 signal (Fig. 15). Melanomas are 
much more easily detected on fat-suppressed 
T1WI with brighter signal, as the dynamic range 
becomes narrower, allowing detection of subtle 
differences (López et al. 2005; Parikh et al. 2008; 
Tsuda et al. 1999; Moon et al. 1993).

6.1.2.3 Sarcomas
Sarcomas account for less than 3% of pri-
mary vaginal malignancies. Primary vaginal 
 leiomyosarcoma represents the commonest 

vaginal soft-tissue sarcoma in adults. The aver-
age age is 50 years and may occur after radiation 
therapy to the genital tract. This tumor is thought 
to originate from the rectovaginal septum, mainly 
involving the upper vagina. Early hematogenous 
spread and local recurrence frequently occurs. 
MRI usually shows a bulky cystic-solid mass 
arising from the vagina, with areas of high T2 
signal corresponding to cystic necrosis and pock-
ets of high T1 signal corresponding to acute hem-
orrhage, strongly and heterogeneously enhancing 
(Fig. 16) (Griffin et al. 2010; Parikh et al. 2008).

6.1.2.4 Lymphoma
Primary lymphoma of the vagina is rare, repre-
senting approximately 1% of primary extrano-
dal lymphomas. Secondary lymphoma is more 

a b

c

Fig. 15 FIGO stage II vaginal melanoma. (a) Sagittal 
T2WI depicts heterogeneous vaginal tumor (arrow), 
mainly hyperintense. Area of necrosis is detected within 
the mass with very high signal intensity and a small 

amount of air (long arrow). Axial T1WI shows vaginal 
neoplasm extending into the paravaginal tissues (b, 
arrow). An enlarged left internal iliac node (c, long arrow) 
is also seen (Courtesy Dr. Forstner R, Salzburg, Austria)
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 common. Both are usually B-cell, non-Hodg-
kin’s lymphomas. The mean age at presentation 
is 50 years. The tumor is infiltrative or mass-like 
of homogeneous low T1 signal and intermediate-
to-high T2 signal. Homogeneous enhancement is 
seen after intravenous contrast medium adminis-
tration. An intact mucosa is considered character-
istic for the diagnosis of lymphoma (Griffin et al. 
2010; McNicholas et al. 1994).

6.1.3  Secondary Vaginal 
Malignancies

Secondary malignancies of the vagina are far 
more common than primary tumors and account 
for more than 80% of all vaginal neoplasms. The 
majority of vaginal metastases occur through 
direct contiguous spread from malignancies of 

adjacent tumors, e.g., primary cervical (Fig. 17), 
endometrial, vulval, rectal, or bladder carci-
noma. Distant vaginal metastases may occur 
through lymphatic or hematogenous spread. 
The most common malignancies to metastasize 
to the vagina are ovarian, cervical, endometrial 
(Fig. 18), and rectal cancer. Very rarely, extra-
genital cancers including adenocarcinoma of 
the colon (Fig. 19), breast, pancreas, and small 
bowel may metastasize to the vagina. The vagina 
can also be the site for local recurrence, e.g., 
from endometrial and cervical carcinoma. The 
majority (80%) of vaginal metastases occur 
within the first three years after the diagnosis of 
primary malignancy, and 67% occur after surgi-
cal removal of the primary lesion. Disseminated 
metastatic disease is often present in patients 

a b

c

Fig. 16 FIGO stage III vaginal leiomyosarcoma. Axial 
(a) T2WI, (b) post-gadolinium fat-suppressed T1WI, and 
(c) ADC map demonstrate a large, heterogeneous vaginal 
mass, with strong, inhomogeneous contrast enhancement, 

and restricted diffusion. The neoplasm is in direct contact 
with the right internal obturator muscle (arrowhead), a 
finding suggestive of pelvic sidewall invasion (Courtesy 
Dr. Forstner R, Salzburg, Austria)
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with vaginal metastases and therefore the prog-
nosis is extremely poor.

Seventy-five percent of squamous vaginal 
metastases arise from the cervix and 14% from 
the vulva. Of the vaginal metastases that are ade-
nocarcinomas, 92.5% of lesions in the upper 
third and anterior wall arise from the upper geni-
tal tract, while 90% of lesions in the lower third 
and posterior wall arise from the gastrointestinal 
tract. The overall accuracy of MRI in assessing 
vaginal metastases has been reported as 92%. 
The MRI features of vaginal metastases mimic 
the MRI features of the primary tumor, usually 
detected with low to intermediate T1 signal and 
intermediate to high T2 signal (Walker et al. 
2011; Griffin et al. 2010; Parikh et al. 2008).

6.2  Vulvar Malignancies

6.2.1  Vulvar Carcinoma
Vulval carcinoma is rare, accounting for 4% of 
all gynecologic malignancies. The disease has a 
bimodal distribution, with approximately 66% of 
cases seen over the age of 70 years and fewer 

than 20% occurring in women younger than 
50 years (Griffin et al. 2010; Hosseinzadeh et al. 
2012; Lee et al. 2011; Ssi-Yan-Kai et al. 2015; 
Sohaib et al. 2002). Human papilloma virus-pos-
itive tumors occur in younger age, may be multi-
focal, and show an association with vulvar 
intraepithelial neoplasia. Patients may present 
with a palpable mass, bleeding due to ulceration, 
pruritus, pain, and discharge.

Vulval cancer involves the labia in two-thirds 
of cases. The clitoris and Bartholin glands are 
less commonly involved. It is locally infiltrative 
and may extend to the urethra, anorectum, and 
vagina, and rarely to the bladder. It typically 
spreads to the ipsilateral superficial inguinofemo-
ral lymph nodes, followed by the deep inguino-
femoral lymph nodes, before pelvic lymph nodes. 
Rarely, it extends beyond the pelvis (Griffin et al. 
2010; Hosseinzadeh et al. 2012; Lee et al. 2011; 
Ssi-Yan-Kai et al. 2015; Sohaib et al. 2002).

More than 85% are squamous cell carci-
nomas; other primary histologic types include 
adenocarcinoma, sarcoma, Bartholin gland 
cancer, basal cell cancer, and extramammary 
Paget disease. The most important prognostic 

a b

Fig. 17 FIGO stage IVA cervical carcinoma in 50-year-
old woman. Sagittal (a) T2WI and (b) dynamic contrast-
enhanced subtracted MR image (early phase) show a 
bulky heterogeneous mass that arises from the cervix and 
extends to the lower third of the vagina. The tumor appears 
with T2 signal mainly similar to that of normal myome-

trium, enhancing inhomogeneously, less than myome-
trium after gadolinium administration, with areas of 
necrosis and a small amount of air. The mass invades the 
posterior wall of the urinary bladder (long arrow). 
Obstruction of the endocervical canal by the neoplasm 
causes distention of the endometrial cavity (arrow)
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c

Fig. 18 Vaginal metastases from endometrial carcinoma 
(skip lesions) in an 80-year-old woman. Sagittal (a) T2WI 
and (b) dynamic contrast-enhanced subtracted MR image 
(early phase) demonstrate large heterogeneous masses 
replacing the uterus (arrowhead) and the vagina (arrow). 

The neoplasms have similar imaging findings, detected 
mainly with intermediate T2 signal and heterogeneous 
contrast enhancement. (c) Transverse ADC map at the 
level of vaginal mass shows tumor with low signal inten-
sity (arrow), due to restricted diffusion

a b

Fig. 19 Vaginal metastasis from colon adenocarcinoma 
in 82-year-old woman. Sagittal T2WI (a) and (b) fat-sup-
pressed TIW1 after gadolinium administration depict het-
erogeneous vaginal mass (arrow), inhomogeneously 

enhancing. (c) Axial fat-saturated TIW1 after gadolinium 
administration shows left inguinal metastatic lymphade-
nopathy (arrowhead)
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 factors  determining survival include tumoral 
size, depth of invasion, and presence of lymph 
node metastases. The FIGO staging classification 
(Tan et al. 2012) is presented in Table 3. Patients 
with  negative groin nodes have a 90% survival, 
compared to 50% survival with positive nodes. 

Recurrences are usually seen within 2 years after 
initial treatment, mostly in the vulva (57%), 
groin (22%), pelvis (4%), or distant sites (23%) 
(Griffin et al. 2010; Hosseinzadeh et al. 2012; 
Lee et al. 2011; Ssi-Yan-Kai et al. 2015; Sohaib 
et al. 2002).

MRI is the modality of choice to allow proper 
tumoral delineation, evaluation of the local extent 
of vulvar cancer, and its relationship to adjacent 
structures, to aid in surgical planning and to 
reduce surgical morbidity (Griffin et al. 2010; 
Hosseinzadeh et al. 2012; Lee et al. 2011; Ssi-
Yan-Kai et al. 2015; Sohaib et al. 2002). The 
tumor appears as a solid mass with nonspecific 
low T1 signal, intermediate-to-high T2 signal, 
and variable contrast enhancement (Figs. 20 
and 21). The reported sensitivity and specificity 
of MRI in detecting metastatic lymphadenopathy 
in patients with vulvar carcinoma is reported 
52–86% and 82–85%, respectively (Lee et al. 
2011). Location, size, shape, and internal archi-
tecture on CT or MRI should be assessed to diag-
nose lymph node involvement. Size criteria show 
suboptimal accuracy; almost 60% of metastatic 
lymph nodes are smaller than 5 mm in diameter. 
Loss of the fatty hilum and a more round rather 
than elongated shape are features suggestive of 
tumor involvement. A decrease in central 
enhancement, indicating necrosis, and T2 signal 
heterogeneity on MRI are features suspicious for 
metastatic infiltration (Lee et al. 2011).

6.2.2  Melanoma
Melanoma is the second most common vulval 
malignancy, accounting for 5% of malignant vul-
val neoplasms. MRI features are similar to those 
described for vaginal melanoma (Griffin et al. 
2010; Hosseinzadeh et al. 2012; Ssi-Yan-Kai 
et al. 2015).

6.2.3  Lymphoma
Primary or secondary non-Hodgkin lymphoma 
(NHL) of the female genital tract is rare, more 
often seen as a manifestation of systemic disease. 
Rarely, NHL may arise primarily in gynecologic 
organs, with the vulva being the least commonly 
affected organ. Primary NHL of the vulva is aggres-
sive, mostly occurring in the elderly. The final diag-
nosis is made through percutaneous core or 

Table 3 FIGO staging for vulvar cancer

FIGO Definition

IA Tumor confined to vulva or perineum, ≤2 cm 
in size with stromal invasion ≤1 mm, negative 
nodes

IB Tumor confined to vulva or perineum, >2 cm 
in size or with stromal invasion >1 mm, 
negative nodes

II Tumor of any size with adjacent spread (1/3 
lower urethra, 1/3 lower vagina, anus), 
negative nodes

IIIA Tumor of any size with positive 
inguinofemoral lymph nodes
(1) 1 lymph node metastasis greater than or 
equal to 5 mm
(2) 1–2 lymph node metastasis(es) of less than 
5 mm

IIIB (1) 2 or more lymph node metastases greater 
than or equal to 5 mm
(2) 3 or more lymph node metastases less than 
5 mm

IIIC Positive node(s) with extracapsular spread

IVA (1) Tumor invades other regional structures 
(2/3 upper urethra, 2/3 upper vagina), bladder 
mucosa, rectal mucosa, or fixed to pelvic bone
(2) Fixed or ulcerated inguinofemoral lymph 
nodes

IVB Any distant metastasis including pelvic lymph 
nodes

c

Fig. 19 (continued)
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excisional tissue biopsy. Lymphoma is detected as 
a homogeneous solid vulvar mass, centrally located 
and strongly enhancing (Hosseinzadeh et al. 2012).

6.2.4  Aggressive Angiomyxoma 
of the Vulva

Aggressive angiomyxoma is a rare tumor that affects 
the pelvis and perineum, usually seen in premeno-
pausal women. It appears as a large, solid infiltrative 
mass that tends to displace rather than invade adja-
cent structures. It does not metastasize and is treated 
by wide local excision. There is a tendency for local 
recurrence if incompletely excised. Imaging is 
important to determine extent and, thus, the optimal 
surgical approach. High T2 signal is detected, prob-
ably reflecting the  myxomatous stroma and high 

water content (Fig. 22). Swirled or layered tissue 
within the tumor produces a distinctive appearance, 
with slightly lower signal intensity than the remain-
der of the tumor on T2WI and enhancement after 
gadolinium administration (Griffin et al. 2010).

7  Vaginal Cuff Disease

The vaginal cuff represents the apex of the vagina, 
where the apposed upper walls are sutured together 
at hysterectomy. In cases where surgical history is 
unclear regarding total versus partial hysterectomy, 
imaging is important to define whether a cervical 
remnant is present. The vaginal cuff represents a 
common site of recurrent gynecologic malignancy 

a b

dc

Fig. 20 (a) Axial T1WI, (b) sagittal T2WI, transverse (c) 
ADC map, and (d) subtracted DCE image show vulvar 
carcinoma in a 76-year-old woman. The tumor (arrow) 
appears isointense compared to surrounding muscles on 
T1WI, heterogeneous, mainly hyperintense on T2WI, 

with restricted diffusion and heterogeneous contrast 
enhancement. Areas of necrosis within the mass have very 
high signal intensity on T2WI and reduced enhancement. 
A small amount of air is seen within the tumor
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after hysterectomy. Recurrence is usually seen in 
women with a history of cervical carcinoma, but 
also with endometrial carcinoma and, rarely, with 
ovarian carcinoma. Sometimes, on imaging the 
vaginal cuff appears bulky and/or asymmetric and 

differentiation of a prominent cuff or cervical rem-
nant from tumor recurrence can be difficult. The 
vaginal cuff and cervical remnant are well assessed 
at MRI, which is generally superior to CT (Walker 
et al. 2011; Brown et al. 1992).

a b

d

e

c

Fig. 21 Locally advanced vulvar carcinoma with bilat-
eral inguinofemoral lymph node metastases. (a) Axial 
T2WI depicts large, heterogeneous vulvar carcinoma 
(arrow) invading the surrounding organs. The tumor 
(arrow) causes restricted diffusion and is detected hyper-

intense and hypointense on axial (b) DWI and (c) ADC 
map, respectively. (d) T2WI and (e) post-contrast T1WI 
with fat saturation show enlarged superficial inguinofem-
oral nodes (arrowhead), heterogeneously enhancing 
(Courtesy Dr. Forstner R, Salzburg, Austria)
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a b

c

Fig. 22 Aggressive angiomyxoma of the vulva. (a) Sagittal 
T2WI depicts large heterogeneous, sharply defined peri-
neal mass, mainly hyperintense (arrow). Uterus leiomyo-
mas (arrowheads) are also seen as hypointense lesions. 
Axial (b) T1WI and (c) fat-saturated contrast-enhanced 

T1WI. The tumor (arrow) appears of intermediate T1 
signal and enhances strongly after gadolinium administra-
tion. The characteristic swirled internal architecture of the 
neoplasm is seen on both T2WI and post-contrast T1WI 
(Courtesy Dr. Forstner R, Salzburg, Austria)

7.1  MRI Findings

The vaginal cuff may be linear and smooth or 
partially obscured by surgical clip artifacts. It 
may also have a nodular appearance, with a sig-
nal intensity similar to that of muscle that closely 
mimics a vaginal mass on TIWI. Differentiation 
is possible on T2WI, where the vagina has a nor-
mal appearance, and the hypointense layer of the 
vaginal smooth muscle can be distinguished from 
the bright outer layer of the connective tissue 
(Fig. 23). In cases of recurrence, the tumor is 
relatively hyperintense on T2WI, obliterating the 
hypointense vaginal muscularis (Fig. 24) (Walker 
et al. 2011; Brown et al. 1992).

8  Foreign Bodies

Knowledge of the imaging characteristics of 
vaginal foreign bodies aids in assessing the 
vagina and in avoiding a misdiagnosis of pelvic 
disease (Fig. 25). Patients often inadvertently 
leave tampons in place during imaging exami-
nations. Vaginal pessary devices have been 
used for over 100 years for the treatment of 
uterine, vaginal, urinary bladder, and rectal pro-
lapse as well as urinary incontinence. They are 
simple mechanical devices of variable size and 
shape, which can be left in place for long peri-
ods, even years (Walker et al. 2011; Hunter and 
Taljanovic 2005).
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a b

Fig. 23 Normal appearance of the vaginal cuff (long 
arrow) in a 74-year-old woman after total hysterectomy 
for endometrial carcinoma. (a) T1WI and (b) T2WI in 

axial orientation depict muscularis of vaginal cuff with 
low T2 signal, surrounded by bright connective tissue 
layer of vaginal wall

ba

dc

Fig. 24 Axial (a) T1WI, (b) T2WI, (c) dynamic contrast-
enhanced subtracted MR image (early phase), and (d) 
ADC map depict cervical carcinoma recurrence at the 
vaginal cuff. The tumor (long arrow) is detected with 

intermediate and slightly high signal intensity on T1WI 
and T2WI, respectively, enhancing strongly on early 
imaging and causing restricted diffusion
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Abstract

This chapter provides an overview of lymph 
node imaging in the female pelvis. We start by 
outlining the importance and implications of 
detecting metastatic lymph nodes in gyneco-
logical cancer patients. Thereafter, indications 
are given about the use of different magnetic 
resonance imaging (MRI) sequences (e.g., 
T2-weighted and diffusion-weighted MRI), as 
well as computed tomography (CT), in the 
context of metastatic lymph node detection. 
Further, we discuss the potential advantages 
and disadvantages of intravenous unspecific 
and tissue-specific contrast agents. The chap-
ter concludes with a description of common 
imaging findings in benign and malignant 
lymph nodes, together with corresponding 
MRI and CT examples.

1  Background

The most common gynecological malignancies 
are endometrial cancer and uterine sarcomas 
(estimated number of new cases in Europe in 
2012: 98,900 women; mortality: 23,700 
women), ovarian cancer (incidence: 65,500 
women; mortality: 42,700 women), and uterine 
cervical cancer (incidence: 58,300 women; 
mortality: 24,400 women) (Ferlay et al. 2013). 
According to the guidelines published by the 
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International Federation of Gynecology and 
Obstetrics (FIGO) cancer of the corpus uteri is 
up-staged because of metastases to pelvic and/
or para-aortic lymph nodes; similarly, ovarian 
cancer is up-staged because of positive retro-
peritoneal lymph nodes (Stage III) and further 
up-staged if cardiophrenic lymph nodes are con-
sidered or proven to be metastatic (Stage IVB) 
(Berek et al. 2015).

In ovarian cancer, lymph node enlargement 
above the renal hilum suggests that neo-adju-
vant chemotherapy (NACT) might be preferable 
to primary debulking surgery (PDS) aiming at 
optimal cytoreduction (Qayyum et al. 2005; 
Vergote et al. 2010). Cardiophrenic lymph nodes 
larger than 5 mm are also of interest: upon 
review of computed tomography (CT) scans of 
78 ovarian carcinoma patients, they have been 
found to be a significant adverse prognostic fac-
tor for both progression-free survival and over-
all survival and to be associated with peritoneal 
metastases. Thus, the involvement of paracar-
diac lymph nodes should be regarded as suspi-
cious for stage IV ovarian cancer (Holloway 
et al. 1997). These results are supported by a 
more recent retrospective study on 31 patients 
which suggests that a cut-off value of 7 mm on 
the short axis can be used to detect metastatic 
cardiophrenic lymph nodes in advanced ovarian 
cancer patients with 83% specificity and 63% 
sensitivity (Raban et al. 2015).

In another study, a significant number of 
patients (20 out of 30) with advanced epithelial 
ovarian cancer (EOC) showed supradiaphrag-
matic lymph node metastases in pretreatment 
PET-CT findings, suggesting that the route of 
EOC cells from the peritoneal cavity to the lym-
phatic system permeates the diaphragm mainly to 
cardiophrenic lymph nodes and continues to 
parasternal lymph nodes (Hynninen et al. 2012). 
The lack of histopathological correlation is a sub-
stantial limitation of many studies on cardio-
phrenic lymph node involvement in EOC patients, 
due to the fact that it requires additional thoracic 
surgery and is generally not part of clinical rou-
tine. In a recent study, suspicious cardiophrenic 

lymph nodes with a short axis greater than 10 mm 
on preoperative CT were removed in case of opti-
mal intra-abdominal debulking; 90% of patients 
(27 out of 30) had histologically confirmed 
metastases (Prader et al. 2016).

In the future, further knowledge about the 
involvement of small cardiophrenic lymph nodes, 
together with growing experience and technical 
advances in transdiaphragmatic cardiophrenic 
lymph node resection, could have an impact on 
whether NACT or PDS is chosen to treat advanced 
ovarian cancer patients.

Lymph node involvement has considerable 
implications on patients’ treatment manage-
ment and prognosis. Metastatic lymph nodes 
have been found to correlate with histological 
tumor grade and depth of myometrial invasion 
(Boronow et al. 1984) and to be associated with 
both progression-free survival and overall sur-
vival (Polterauer et al. 2012). Further, pelvic 
radiotherapy might be unnecessary for endome-
trial cancer patients with negative lymph nodes 
after extended pelvic lymph node dissection 
(Bottke et al. 2007). Recently, risk-scoring sys-
tems have been published to predict lymph 
node involvement and distant metastases in 
endometrial carcinoma; a cut-off on the corre-
sponding risk score was found to be associated 
with an acceptable lymphadenectomy rate 
(Tuomi et al. 2015). Further, lymphatic dissem-
ination and high-risk tumor features as per the 
risk-scoring systems were found to be predic-
tors of survival independently of tumor stage 
(Tuomi et al. 2017).

Metastatic pelvic lymph nodes are recognized 
as an important prognostic factor in uterine cer-
vical cancer as well (Piver and Chung 1975). In 
a retrospective study on 127 locally advanced 
cervical cancer patients, the status of lower pel-
vic lymph nodes was able to predict the patho-
logically assessed status of upper pelvic lymph 
nodes and of the parametrium (Ferrandina et al. 
2007). In another study on 70 consecutive 
patients, lymph node metastases were signifi-
cantly associated with a higher likelihood of 
uterine body involvement and of higher FIGO 
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stage. Moreover, the average tumor volume was 
determined to be larger in node-positive patients 
(69 cm3) than in node-negative patients (49 cm3) 
(Narayan et al. 2003).

2  Indications and Value 
of Imaging Techniques

There are no specific indications for the imaging of 
pelvic lymph nodes by magnetic resonance imaging 
(MRI) or CT. Lymph node evaluation is always done 
in conjunction with imaging performed for tumor 
staging and evaluation of general metastatic spread.

Traditionally, the standard technique used to 
differentiate normal from metastatic lymph nodes 
consists in applying a threshold to the short axis 
diameter of the node: lymph nodes with a short 
axis of 10 mm or more are considered metastatic. 
Nonetheless, this method does not allow discrim-
inating between enlarged inflammatory lymph 
nodes and metastatic ones; further, the employed 
threshold value is a matter of debate: 10 mm 
guarantee a relatively high specificity (90% or 
more), but are also associated with low sensitiv-
ity; increasing this threshold value, e.g., to 
12 mm, increases sensitivity but decreases speci-
ficity (Jager et al. 1996; Yang et al. 2000).

In recent years, diffusion-weighted magnetic 
resonance imaging (DW-MRI) has emerged as a 
promising additional technique for detecting 
metastatic lymph nodes. Due to the impeded dif-
fusivity within metastatic tissue, positive lymph 
nodes appear as noncontinuous, hyperintense, 
ovoid or round structures on high b-value images 
(b in the 800–1000 s/mm2 range) and as hypoin-
tense structures on corresponding apparent diffu-
sion coefficient maps (ADC). Several studies on 
cervical and uterine cancer patients have reported 
significant differences in ADC values between 
malignant and benign lymph nodes (Kim et al. 
2008; Lin et al. 2008; Koplay et al. 2014). In one 
study the combined analysis of ADC values and 
nodal size increased sensitivity to 83%, com-
pared with 25% using morphological MRI alone; 
at the same time specificities remained high at 

99% and 98%, respectively (Lin et al. 2008). The 
smallest metastatic lymph node detected by com-
bined diffusion-weighted and morphological 
MRI was 5 mm in short axis diameter. A recent 
meta-analysis of studies on cervical cancer 
patients indicates that, using DW-MRI, meta-
static lymph nodes might be detected with a 
pooled sensitivity of 86% (95% confidence inter-
val, CI: 84–89%) and a pooled specificity of 84% 
(CI: 83–89%) (Shen et al. 2015). Nevertheless, 
there is a considerable overlap between ADC val-
ues measured in positive and negative lymph 
nodes. Another study, possibly due to the rela-
tively small patient sample, did not determine a 
significantly lower ADC in metastatic lymph 
nodes (Nakai et al. 2008). It is worth mentioning 
that also the authors of the latter study conclude 
that DW-MRI improved detection of lymph 
nodes compared with morphological MRI alone. 
While several threshold values on ADC have 
been proposed for the detection of metastatic 
lymph nodes (e.g., ADC value below 
0.10 × 10−3 mm2/s in (Lin et al. 2008)), the mea-
sured ADC values might depend on the hardware 
characteristics and field strength of the employed 
MR scanner which should therefore be carefully 
calibrated at each center (Donati et al. 2014). It 
should also be noted that ADC measurements 
might be underestimated due to the presence of 
fatty hila, overestimated because of necrosis, or 
generally affected by partial volume artifacts 
since lymph nodes are small relative to image 
resolution. Finally, to detect metastatic lymph 
nodes, we advise to always correlate DW-MRI 
with T2-weighted MRI (Thoeny et al. 2014).

Another interesting development is repre-
sented by hybrid imaging techniques such as 
positron emission tomography (PET)-CT and 
PET-MRI. A meta-analysis of cervical cancer 
studies indicates that the pooled sensitivity of 
PET or PET-CT for detecting nodal metastases 
is 54% (CI: 46–61%), significantly higher than 
morphological MRI (38%, CI: 32–43%), but 
similar to CT alone (52%, CI: 42–62%). On the 
contrary, the pooled specificity of PET or 
PET-CT is 97% (CI: 96–98%), significantly 
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higher than CT alone (92%, CI: 90–94%), but 
similar to morphological MRI (97%, CI: 
97–98%) (Choi et al. 2010). A study comparing 
the evaluation of nodal metastases in uterine 
cancer patients by PET-CT and DW-MRI sug-
gests that DW-MRI showed higher sensitivity 
but lower specificity than PET-CT; however, 
neither technique was sufficiently accurate to 
replace surgical lymphadenectomy (Kitajima 
et al. 2012). Similarly, a recent meta-analysis on 
the use of DW-MRI, PET or PET-CT, and CT 
for detecting lymph node metastases in patients 
with cervical cancer concludes that DW-MRI 
and PET or PET-CT are significantly better than 
CT; PET or PET-CT was associated with the 
highest specificity and DW-MRI with the high-
est sensitivity (Liu et al. 2017).

Concerning PET-MRI, sensitivity and speci-
ficity values above 90% have been reported by 
studies analyzing the nodal stage of cervical 
cancer patients; despite the high potential of 
this technique, further studies are needed before 
PET-MRI is established and integrated into 
clinical routine (Grueneisen et al. 2015; Kim 
et al. 2009).

Finally, we are not aware of any studies that 
analyze the role of dynamic contrast-enhanced 
magnetic resonance imaging (DCE-MRI) for 
detecting metastatic lymph nodes in  gynecological 
cancer patients. However, there is some evidence 
indicating that DCE-MRI is useful to detect 
nodal involvement in patients with breast (Bahri 
et al. 2008; Loiselle et al. 2011), head and neck 
(Wendl et al. 2012; Yan et al. 2016), and prostate 
cancer (Lista et al. 2014). It is possible that simi-
lar results apply to corpus uteri and ovarian can-
cer patients as well; further studies are needed to 
address this knowledge gap.

3  Technique

There is currently no consensus regarding the 
type of patient preparation before a pelvic MRI 
exam (Balleyguier et al. 2011). To limit bowel 

motion artifacts 6 h of fasting before MRI 
(Engin 2006; Liu et al. 2009) or the intramus-
cular or intravenous injection of an antiperi-
staltic agent (Johnson et al. 2007) have been 
suggested. Antiperistaltic agents such as 1 mg 
glucagon (Glucagen®; Novo Nordisk, 
Bagsværd, Denmark) or 20 mg butyl-scopol-
amine (Buscopan®; Boehringer Ingelheim 
GmbH, Ingelheim, Germany) seem to be most 
effective but are contraindicated in case of, 
e.g., diabetes or pheochromocytoma (Van Hoe 
et al. 1999). The urinary bladder should be 
moderately distended to avoid distortion of 
pelvic anatomy (Bourgioti et al. 2016).

3.1  MRI

Lymph node assessment is included in the stag-
ing protocol of gynecological cancers 
(Balleyguier et al. 2011; Kinkel et al. 2009; 
Forstner et al. 2010). In cervical and endometrial 
cancer, the pelvis and retroperitoneum up to the 
level of the renal hilum should be covered. In vul-
var and vaginal cancer, the inguinal lymph nodes 
have to be carefully assessed; in ovarian cancer, 
the pelvis, abdomen, and distal thorax should be 
analyzed for lymph node metastases.

Lymph nodes can be assessed on axial 
T2-weighted images. Additional three-dimen-
sional T1- and T2-weighted sequences with an 
isotropic voxel size of approximately 1 mm3 
might be helpful to correctly evaluate lymph 
nodes which appear round in the axial plane 
but elongated or oval in additional planes. 
Further, 3D reconstructions might allow cor-
rect localization of nodes in relation to adja-
cent vessels and therefore improve guidance to 
suspicious nodes for the surgeon (Thoeny 
et al. 2014).

DW-MRI should be acquired with fat satura-
tion to avoid that fatty hila around lymph nodes 
(generally considered to be a reliable criterion for 
benignity) lead to misleadingly low ADC mea-
surements (Herneth et al. 2010). There is no 
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 consensus regarding the optimal set of b-values 
to be acquired for diffusion-weighted imaging; 
commonly used values range between 500 and 
1000 s/mm2 (in addition to a b = 0 s/mm2 scan) 
(Koplay et al. 2014; Thoeny et al. 2014, 2012; 
McVeigh et al. 2008). The reader should keep in 
mind that the computed ADC maps depend on 
the acquired b-values as well as on the hardware 
characteristics and field strength of the employed 
magnetic resonance scanner (Donati et al. 2014; 
Koc et al. 2012).

3.1.1  Intravenous Unspecific Contrast 
Agents

There are no indications regarding the use of 
extracellular gadolinium-based contrast agents 
for lymph node imaging. On T1-weighted imag-
ing, unspecific contrast agents might improve the 
differentiation of lymph nodes from vessels and 
facilitate the detection of necrotic lymph node 
regions.

The optimal time-point at which contrast-
enhanced images are acquired likely depends on 
the pathology at hand (Kinkel et al. 2009); how-
ever, imaging should be performed within 10 min 
of contrast medium injection to avoid diffusion 
into ascites (Forstner et al. 2010). 3D gradient 
echo MRI sequences might be preferable to stan-
dard 2D enhanced sequences as they allow the 
acquisition of relatively thin slices (e.g., 1 mm) 
with sufficient spatial resolution.

If the patient is pregnant or presents 
impaired renal function, the use of gadolinium-
based contrast agents needs to be carefully 
assessed (Thomsen et al. 2013) and might be 
substituted by thin-slice T2-weighted imaging 
and axial DW-MRI with fat saturation (Forstner 
et al. 2010).

3.1.2  Intravenous Tissue-Specific 
Contrast Agents

Tissue-specific contrast agents that accumulate 
in healthy lymph node tissue could represent a 
valid additional tool for detecting metastatic 
lymph nodes. These contrast agents (e.g., feru-

moxtran-10; previously marketed as Sinerem® 
in Europe and as Combidex® in the United 
States) are based on ultrasmall superparamag-
netic iron oxide particles (USPIO) with a diam-
eter of approximately 20 nm. They are 
administered intravenously 24–36 h prior to 
imaging. Due to macrophage uptake, they cause 
healthy lymph nodes to appear hypointense on 
T2*-weighted MRI, whereas metastatic lymph 
nodes remain unchanged. Early studies suggest 
that ferumoxtran-10-based contrast agents 
improve the sensitivity of metastatic lymph 
node detection in endometrial and cervical can-
cer patients (Rockall et al. 2005) and consider-
ably decrease the time needed by the radiologist 
to interpret the images (Thoeny et al. 2009). 
However, there are currently no USPIO-based 
contrast agents approved for differentiating 
metastatic from nonmetastatic lymph nodes on 
the market.

3.2  CT

As lymph node assessment is an integral part of 
staging, the range of lymph nodes to be assessed 
is defined by the staging protocols of the differ-
ent cancer types. CT imaging of gynecological 
cancer is usually performed with intravenous 
contrast medium; therefore, no special tech-
nique is necessary to assess lymph nodes. 
Multiplanar reconstructions facilitate the depic-
tion of lymph nodes and their differentiation 
from bowel loops.

4  Imaging Findings in Benign 
and Malignant Lymph 
Nodes: MRI/CT

On morphological images signs of nodal involve-
ment include: a short axis diameter greater than 
10 mm, visible necrosis (hyperintense foci on 
STIR or T2-weighted MRI), signal intensity 
similar to the primary tumor, and an irregular 
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nodal contour or tumor extending beyond the 
nodal capsule (Yang et al. 2000; Brown et al. 
2003; Sala et al. 2010). However, these morpho-
logical features are rarely seen on CT or 
MRI. The contrast resolution of CT is too low to 
differentiate between normal and metastatic 
lymph node tissue. MRI generally has a higher 
soft tissue contrast resolution; however, the T1 
and T2 relaxation times, as well as the proton 
densities, in lymphatic tissue and tumors are 
similar (Dooms et al. 1985).

To detect malignant lymph nodes, hyperin-
tense noncontinuous round or oval structures on 
DW-MRI acquired with a high b-value (800–
1000 s/mm2) should be noted and correlated with 
morphological 3D images. Structures corre-
sponding to lymph nodes warrant further 
assessment.

If a lymph node is associated with a hypoin-
tense structure on the respective ADC map and/
or on T2-weighted MRI, it is suspicious for 
malignancy. T1-weighted MRI should be 
employed to exclude that the low ADC is due to 
a fatty hilum. A short axis diameter greater than 
10 mm, round shape, irregular or ill-defined bor-
der, and low signal intensity compared with mus-
cle or groin lymph nodes on T2-weighted images 
are additional indicators of malignancy. On the 
contrary, eccentric fat and symmetric pelvic 
localization including similar shape and size on 

axial reconstructed images support benignancy 
(Thoeny et al. 2014).

Figure 1 shows an example of a negative 
external iliac lymph node in a bilateral ovarian 
adenocarcinoma patient: despite appearing as a 
hyperintense structure on high b-value DW-MRI 
it presents an elongated and regular contour as 
well as a normal size on T1-weighted 
MRI. Figure 2 highlights a metastatic external 
iliac lymph node in a patient with high grade 
uterine leiomyosarcoma. The positive lymph 
node can be clearly identified as a round and 
enlarged structure which is hyperintense on high 
b-value DW-MRI and hypointense on the respec-
tive ADC map and on T2-weighted MRI. After 4 
weeks of percutaneous radiotherapy the lymph 
node showed no clear response in size but ADC 
values increased from 0.8 to 1.6 × 10−3 mm2/s, 
corresponding to a favorable therapy response. 
Figure 3 illustrates an example of a cardiophrenic 
lymph node in a stage IIIC ovarian cancer patient 
which was suspicious for malignancy due to its 
hyperintense appearance on high b-value 
DW-MRI; however, its small size (short axis 
diameter less than 5 mm) on contrast-enhanced 
CT did not indicate malignancy (histopathologi-
cal correlation is unavailable as this lymph node 
was not resected).

Efforts are underway to establish criteria that 
allow detecting pathologic cardiophrenic lymph 

a b

Fig. 1 A 53-year-old woman with bilateral ovarian ade-
nocarcinoma with 16 histopathologic proven tumor-free 
pelvic lymph nodes. The arrow points to a negative exter-
nal iliac lymph node with regular contour and normal size 

on axial T1-weighted Dixon water sequence (a) and on 
diffusion-weighted MRI with body background suppres-
sion (b = 1000 s/mm2) (b)
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nodes on CT. A recent study on 31 patients with 
advanced ovarian cancer suggests that a cut-off 
value of 7 mm on the short axis results in 63% 
sensitivity and 83% specificity. Figure 4 shows 
an example of enlarged, metastatic, cardio-
phrenic lymph nodes in a 61-year-old woman 

diagnosed with FIGO IIIC high grade serous 
ovarian carcinoma 10 years ago. CT was per-
formed recently due to upper right abdominal 
pain. Besides enlarged cardiophrenic lymph 
nodes, metastatic diaphragmatic, perihepatic, 
and pleural lesions were detected. Ovarian 

a

c d

e

b

Fig. 2 A metastatic external iliac lymph node of a 
65-year-old woman with high grade uterine leiomyosar-
coma on axial T2-weighted (a), diffusion-weighted 
(b = 800 s/mm2) MRI (b), and on the apparent diffusion 
coefficient map (c). After 4 weeks of percutaneous radio-

therapy the lymph node showed no clear response in size 
but increase of ADC values from 0.8 to 1.6 × 10−3 mm2/s 
diffusion-weighted MRI, (d), and corresponding ADC 
map, (e) corresponding to a favorable therapy response
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 carcinoma was proven in pleural fluid following 
histopathological analysis. A considerable 
decrease in the cardiophrenic lymph nodes’ size 
was observed after six chemotherapy cycles, 
indicating good response to therapy.
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Abstract

This chapter will cover common gynecologi-
cal and non-gynecological causes of acute and 
chronic pelvic pain, with particular focus on 
the differential diagnosis and imaging char-
acteristics. The relative frequency of each 
diagnosis by MRI or CT is listed in Table 1. 
Gynecologic disorders highly associated with 
chronic pelvic pain such as endometriosis, 
uterine leiomyomas, and adenomyosis are dis-
cussed in previous chapters in this book.

1  Introduction

One of the most challenging problems in clinical 
practice is identifying the cause of pelvic pain. 
From a practical point of view, it is useful to clas-
sify pelvic pain as acute or chronic because these 
presentations differ in their differential diagnoses 
and therefore require different imaging strategies 
for their evaluation. Pelvic pain that has been 
present for 6 months or longer is defined as 
chronic pelvic pain.

The differential diagnosis of lower abdominal 
and pelvic pain encompasses gynecological, preg-
nancy-related, gastrointestinal, urological, neuro-
logical, and abdominal wall causes. Furthermore, 
psychological factors have been attributed to play 
an important role in women, especially those suf-
fering from chronic pelvic pain.

The single most important laboratory test in 
assessing pelvic pain in a woman of reproductive 
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age is a pregnancy test, in order to exclude a diag-
nosis of ectopic pregnancy. The most frequent 
gynecological emergencies occur in the pre-
menopausal age group and include ectopic preg-
nancy, corpus luteum cyst rupture, and pelvic 
infection. Appendicitis accounts for most non-
gynecological emergencies.

Sonography is the initial imaging modality of 
choice in gynecologic disorders causing pelvic 
pain. However in the emergency setting, with 
uncertainty related to the underlying cause of 
acute severe lower abdominal pain, CT of the 
abdomen and pelvis is often the first imaging per-
formed allowing assessment of the gastrointestinal 
tract and urologic system. MRI is usually reserved 
for problem-solving, although it may be used 
when transvaginal ultrasound is not feasible.

This chapter will review some of the more 
common diagnoses of acute and chronic pelvic 
pain that are not covered elsewhere in this book 
(Table 1). Gynecologic disorders highly associ-
ated with chronic pelvic pain such as endometri-
osis, uterine leiomyomas, and adenomyosis are 
discussed in different chapters.

2  Gynecological Causes 
of Pelvic Pain

2.1  Ovarian Cysts: Acute Cyst 
Events

A follicular cyst may develop when an ovarian 
follicle enlarges physiologically during the 
menstrual cycle but does not rupture for 

 ovulation. These functional simple cysts have 
no complex features on US, typically range 
from 3 to 6 cm, and usually resorb within a 
few menstrual cycles. In the case of a follicle 
that ovulates, a corpus luteum forms with wall 
thickening, increased wall vascularity and 
blood often accumulates in the central cavity. 
In some cases, these physiological cysts (fol-
licular and corpus luteal) may undergo signifi-
cant hemorrhage and/or there may be cyst 
rupture. These events may be sufficiently 
symptomatic to lead to an emergency presen-
tation. Rupture of non-physiological cysts, 
including endometriotic cyst or mature cystic 
teratoma, also typically presents with acute 
pain.

2.1.1  Imaging Findings
A hemorrhagic ovarian cyst is usually readily 
diagnosed on US (Roche et al. 2012). Rupture 
of an ovarian cyst is also usually confidently 
diagnosed on US and there is no need for addi-
tional imaging on CT or MRI. However, in the 
acute presentation, CT may be the initial 
investigation due to diagnostic uncertainty. 
Ovarian cyst hemorrhage on CT may be seen 
as mixed attenuation material within an ovar-
ian cyst due to the  presence of blood (Fig. 1). 
The differentiation between blood and enhanc-
ing soft tissue may not be possible if there is 
no pre-contrast CT available. MRI is occa-
sionally used in problem-solving. In the case 
of cyst rupture, there is free fluid in the pelvis; 
there may be no evidence of the ovarian cyst 
in cases where the cyst collapses following 

Table 1 Relative frequency of imaging by CT or MRI for pelvic pain in clinical routine

Gynecological pathologies Frequency Non-gynecological pathologies Frequency

PID + Pelvic congestion syndrome +

Tubo-ovarian abscess ++ Appendicitis +++

Hydropyosalpinx ++ Diverticulitis +++

Ovarian torsion + Epiploic appendagitis +

Ovarian vein thrombosis + Crohn’s disease ++

Endometriosis ++ Rectus sheath hematoma +

Uterine leiomyomas ++

Adenomyosis ++

+, Low frequency; ++, medium frequency; +++, high frequency
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 rupture. If the cyst rupture was related to a 
hemorrhagic corpus luteum, there may be a 
visible disrupted corpus luteum in one ovary 
and the free fluid may be of higher attenuation 
than simple fluid, due to the presence of blood. 
Delayed post-contrast CT may demonstrate 
pooling of iodinated contrast in the pelvis. On 

MRI, free fluid in the pelvis may contain signs 
of visible hemoperitoneum (Fig. 2).

In the case of ruptured mature cystic teratoma, 
the presence of free globules of fat may be seen 
in the peritoneum and there are signs of inflam-
mation. The original teratoma is typically seen in 
the adnexa (Fig. 3).

Fig. 1 CT of ruptured endometriotic cyst (arrow) show-
ing mixed attenuation pelvic fluid consistent with blood. 
Uterus (star) is displaced to the right by the large complex 
left adnexal cyst

Fig. 2 Axial fat-saturated T1 MRI in the same patient as 
Fig. 1 shows a ruptured endometriotic cyst and layering of 
blood in the pelvis (arrow). Uterus (star) lies to the right 
of the large blood-filled cyst

a b

Fig. 3 CT of a patient presented with left upper quadrant 
pain. Image A shows the ruptured teratoma (open arrow); 
image B shows thickened bowel loops (filled arrow)  

secondary to chemical peritonitis. Stranding is seen in the 
adjacent fat and there is thickening of the left paracolic 
peritoneum. Courtesy of Prof. Evis Sala, New York
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2.1.2  Differential Diagnosis
Ectopic pregnancy is the most critical differential 
diagnosis and exclusion of this diagnosis is 
essential. The differential diagnosis of the under-
lying cyst type can include physiological, endo-
metriotic, benign cystic teratoma or neoplastic 
ovarian cyst. The finding of free fluid or blood in 
the pelvic cavity with no visible cyst or a collaps-
ing cyst and an appropriate history is highly reas-
suring for physiological cyst rupture. Other 
causes of acute pelvic pain and free fluid include 
inflammatory processes such as pelvic inflamma-
tory disease, appendicitis, or diverticulitis.

2.1.3  Value of Imaging
Imaging is used to confirm the findings of free 
pelvic fluid, identify the underlying cyst type if a 
cyst remains visible, and rule out alternative 
causes of the acute severe pelvic pain.

2.2  Pelvic Inflammatory

Pelvic inflammatory disease (PID) refers to an 
ascending infection of the upper genital tract in 
women who are typically of reproductive age. 
Infection can involve the uterus, fallopian tubes, 
and ovaries. Per definition, PID should be 
 distinguished from pelvic infections caused by 
medical procedures, pregnancy, and other pri-
mary abdominal processes. PID usually results 
from sexually transmitted ascending infections 
typically by Neisseria gonorrhoeae or Chlamydia 
trachomatis, although 30–40% of cases are poly-
microbial. Actinomycosis and tuberculosis 
account for rare causes of PID and may cause 
tubo-ovarian abscesses (Kim et al. 2004). 
Actinomycosis should be considered if there is a 
history of intrauterine contraceptive device 
(IUCD) and has also been reported following 
in vitro fertilization, as well as in those with no 
history of instrumentation (Atay et al. 2005). If 
PID is untreated or incompletely treated, there is 
a sixfold risk of ectopic pregnancy. Twenty per-
cent of patients may complain of pelvic pain, and 
infertility is seen in 25–60% of women with more 
than one episode of PID (Ghiatas 2004). 
Occasionally patients with PID may develop 

Fritz-Hugh–Curtis syndrome due to peritonitis of 
the right upper quadrant surfaces and of the right 
lobe of the liver caused by bacterial spread along 
the paracolic gutters (Sam et al. 2002).

2.2.1  Imaging Findings
Imaging findings in early PID are typically subtle 
and their interpretation is based on the clinical 
findings. Findings on CT and MRI may include 
mild pelvic edema that results in thickening of 
the uterosacral ligaments and haziness and 
stranding of the pelvic fat, reactive lymphade-
nopathy, and free fluid (Revzin et al. 2016). 
Contrast enhancement and thickening of the fal-
lopian tubes may be signs of salpingitis. Enlarged 
and abnormally enhancing ovaries may demon-
strate a polycystic appearance and inflammatory 
changes (Fig. 4). Peri-ovarian stranding and 
enhancement of the adjacent peritoneum are 
common associated findings. In cases of endome-
tritis, abnormal endometrial enhancement is seen 
as well as fluid in the endocervical canal which 
has similar imaging characteristics to that in the 
pouch of Douglas (Fig. 4). The uterine cervix 
may be enlarged with an abnormally enhancing 
endocervical canal if there is associated cervici-
tis. The uterine changes are better assessed on 
MRI than on CT (Sam et al. 2002).

Fig. 4 CT findings in a 29-year-old woman with PID 
caused by Chlamydia trachomatis infection. Haziness and 
weblike fatty infiltration of pelvic fat (arrow), free fluid 
(A), marked swelling of the left ovary, and mild dilatation 
of the uterine cavity (U) are demonstrated. The ovaries 
(asterisk) are difficult to discriminate from ascites due to 
their polycystic appearance in oophoritis
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2.3  Hydropyosalpinx

Salpingitis is the most important cause for oblit-
eration of the fimbriated end of the tube, which 
leads to hydrosalpinx. Other etiologies include 
fallopian tube tumors, endometriosis, and adhe-
sions from prior surgery. Serous fluid, blood, or 
pus may accumulate and cause distension of the 
fallopian tube.

2.3.1  Imaging Findings
Dilated fallopian tubes appear as fluid-filled tubular 
structures arising from the uterine fundus and sepa-
rate from the ipsilateral ovary. The typical finding is 
a tortuous, cystic tubular structure with interdigitat-
ing incomplete mural septa (Fig. 5). These septa are 
thin and display low signal intensity on 
T2WI. Distinct septal enhancement on contrast-
enhanced T1WI or CT may support the diagnosis of 
pyosalpinx (Tukeva et al. 1999). The nature of fluid 
within a dilated salpinx is best evaluated on 
MRI. The signal intensity varies in accordance with 
the contents, which ranges from water-like simple 
fluid to proteinaceous or hemorrhagic fluid. 
Multiplanar imaging and opacification of bowel 
loops with contrast allows identification of the tubal 
origin and differentiation from dilated bowel loops.

2.3.2  Differential Diagnosis
Tubal diameters can reach up to 10 cm and there-
fore hydrosalpinx may mimic multiloculated ovar-
ian tumors, especially cystadenomas. Identification 
of the ovary separate from the lesion using multi-
planar imaging helps to differentiate. Any enhanc-
ing component within a dilated tube, apart from 
fine incomplete smooth septations, should suggest 
the possibility of fallopian tube carcinoma or ecto-
pic pregnancy (Kawakami et al. 1993). Pyosalpinx 
and hematosalpinx may be differentiated from 
hydrosalpinx by the signal intensity of the fluid 
content: a hydrosalpinx contains simple fluid (high 
on T2, low on T1, with no restricted diffusion, 
similar to CSF or urine) whereas a pyosalpinx con-
tains pus (typically intermediate on T2, hyperin-
tense on T1 and T1FS, with restricted diffusion); a 
hematosalpinx contains blood (typically hypoin-
tense on T2, hyperintense on T1 and T1FS with 
restricted diffusion).

2.4  Tubo-ovarian Abscess

In the majority of cases, tubo-ovarian abscess 
(TOA) results from PID. Other etiologies include 
complications of surgery or intra-abdominal 

a b

Fig. 5 Hydrosalpinx on CT and MRI. Transaxial CT (a) 
and coronal T2WI (b). A multiseptate lesion (arrows) in 
the left adnexal region is demonstrated on CT (a) and 
MRI (b): Its tubular nature with widening at the cephalad 

end is demonstrated on MRI (b). The thin incomplete, 
interdigitating septa (small arrows) are a typical finding of 
a dilated fallopian tube on CT and MRI
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inflammatory bowel diseases, such as appendici-
tis, diverticulitis, or Crohn’s disease. In most 
cases, TOA is caused by a polymicrobial infec-
tion with a high prevalence of anaerobes. 
Intrauterine contraceptive device (IUCD) users, 
especially in the first few months after insertion, 
also have a greater risk of PID. Pelvic actinomy-
cosis is considered to be highly associated with 
the use of IUCD (Kim et al. 2004).

TOA most commonly occurs in women of 
reproductive age. Tubo-ovarian abscesses in 
postmenopausal women are rare, but can be seen 
in women with diabetes or previous radiation 
therapy. In postmenopausal women presenting 
with TOAs, a concomitant pelvic malignancy 
should be excluded as there is a significant asso-
ciation with malignancy (Protopapas et al. 2004).

The pathway of the inflammatory disease 
includes direct extension along the fallopian 
tubes. A hematogenous or lymphatic spread is 
found in the rare cases of tuberculous involve-
ment of the genital tract (Kim et al. 2004).

2.4.1  Imaging Findings
On CT and MRI, tubo-ovarian abscesses are 
thick-walled, multilocular complex heteroge-
neous fluid-containing adnexal masses that can 
be unilateral or bilateral (Fig. 6). They may 

 contain irregular inner contours, internal septa, 
gas, fluid, or a fluid-debris level (Sam et al. 2002). 
Necrosis or loculated fluid areas may resemble 
serous fluid, but can also be proteinaceous or 
hemorrhagic with T1 shortening. Tubo-ovarian 
abscesses most commonly display a heteroge-
neously intermediate or hyperintense signal on 
T2WI (Ghiatas 2004). They are surrounded by 
thick, markedly enhancing outer borders (Fig. 7). 
Due to dense pelvic adhesions or fibrosis, mesh-
like strands in the pelvic fat planes are almost 
always seen; these demonstrate enhancement on 
CT or contrast-enhanced T1WI, and display a 
low signal on T2WI. The uterus and omentum 
usually become adherent. The abscess may 
enlarge and fill the pouch of Douglas or leak and 
produce metastatic abscesses and cause local 
peritonitis.

Involvement of adjacent structures includes 
thickened bowel loops with or without dilata-
tion. Peritoneal enhancement, especially in the 
inferior pelvis, and small amounts of ascites are 
signs of associated peritonitis. Obstruction of 
the ureters may also be seen. Internal gas loc-
ules are the most specific radiologic sign of an 
abscess but are unusual in tubo-ovarian 
abscesses (Bennett et al. 2002). In the case of 
actinomycosis, there may be complex cystic 

Fig. 6 Bilateral tubo-ovarian abscesses (arrows) are 
shown as thick-walled tubular, cystic adnexal masses. The 
rectum (R) and uterus (U) are also shown

Fig. 7 Bilateral tubo-ovarian abscess on contrast-
enhanced fat saturation T1WI. Bilateral adnexal cysts 
with thick walls and septations with avid enhancement 
(arrows). The uterus is shown for reference (U)
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solid ovarian masses and retroperitoneal thick-
ening which may have the appearance of retro-
peritoneal fibrosis and a tendency for the 
inflammatory tissue to invade across tissue 
planes (Fig. 8) (Ha et al. 1993; Akhan et al. 
2008). Appearances may mimic disseminated 
ovarian cancer with peritoneal deposits 
(Hildyard et al. 2013). However, presacral 
thickening is a typical finding and this should 
raise suspicion of actinomycosis (Hildyard 
et al. 2013).

2.4.2  Differential Diagnosis
Endometriomas may sometimes display simi-
lar imaging characteristics to TOA, with a 
thick rim; however, the clinical background is 
different. Ovarian cancer as well as ovarian 

metastases often present also as multiseptate 
ovarian masses (Willmott et al. 2012). In ovar-
ian cancer, brightly enhancing solid tissue 
(irregular septae, papillary formations, or 
mural nodules) is typically found and signs of 
inflammation of the pelvic fat are absent. 
Furthermore, ovarian cancer is not frequently 
associated with tubal dilatation. However, in 
postmenopausal women with TOA, malig-
nancy is a significant concern (Protopapas 
et al. 2004). If tubo-ovarian abscesses involve 
adjacent pelvic organs, the site of origin often 
cannot be reliably defined. Tuberculous perito-
nitis involving the adnexa mimics peritoneal 
carcinomatosis with nodularities along tubo-
ovarian surfaces, and large amounts of ascites 
(Kim et al. 2004) (Fig. 9).

T2

b=750

ADC

Fig. 8 MRI images in a patient with actinomycosis. An 
IUCD (arrow) can be seen in the uterine cavity on the 
axial T2WI. The diffusion-weighted image and ADC map 

shows thickening and fibrosis in the presacral space that 
demonstrates restricted diffusion (star). There is a com-
plex lesion
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2.4.3  Value of Imaging
The diagnosis of PID is based on clinical exami-
nation and laboratory studies, including assess-
ment of vaginal secretions, and sonographic 
findings. In cases of nonspecific findings or sus-
pected complications of PID, especially tubo-
ovarian abscess or peritonitis, CT or MRI may 
serve as adjunct imaging modalities. CT is com-
monly used to assess complications of PID, espe-
cially when a tubo-ovarian abscess or peritonitis 

is suspected. Furthermore, it assists in defining 
the origin of the tubo-ovarian abscess and can 
differentiate it from inflammatory bowel disease. 
CT is also especially useful as a guide for surgery 
or a CT-guided drainage as well as identifying 
complications such as involvement of other 
organs (Fig. 10). MRI and CT are both useful in 
differentiating between an adnexal tumor and an 
abscess. The imaging findings, however, can only 
be interpreted in context with the clinical  

a

c

b

Fig. 9 MRI of peritoneal tuberculosis. Axial T2WI (a) 
demonstrates ascites (open arrows), omental thickening 
(star), and smooth thickening of the peritoneal reflections 
in the left flank (filled arrows). Axial T1 fat-saturated 
post-contrast MRI (b, c) confirm that the smooth perito-
neal thickening in the mid-abdomen (b) and pelvis (b) 

enhances (solid arrows). There is no ovarian mass. There 
is also enhancement of the thickened omentum (star) and 
prominent mesenteric vessel enhancement—in keeping 
with an inflammatory process. The patient also had pleu-
ral effusions. A biopsy confirmed tuberculosis
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background. MRI is more useful than CT in dif-
ferentiating a hydrosalpinx from a cystic ovarian 
tumor (Forstner et al. 2017).

2.5  Ovarian Torsion

Ovarian torsion is most commonly associated 
with tubal torsion. The age groups which tend to 
be affected are children, young women in their 
first three decades, and postmenopausal women. 

Presentation is usually with acute severe pelvic 
or lower abdominal pain and vomiting; the 
patient may have clinical signs of acute surgical 
abdomen.

Ovarian torsion is caused by partial or com-
plete rotation of the ovarian vascular pedicle. 
While venous flow is initially compromised, 
causing swelling and edema, arterial flow is 
usually maintained until late in the course, a 
phenomenon that is attributed to the dual 
blood supply of the ovary (Lee et al. 1998). 

a

cb

Fig. 10 Coronal (a) and sagittal (b) T2 weighted. MRI images show a bilateral tubo-ovarian abscess (TOA—
long arrows on image a) with a fistulous communication (long arrow on image b) with the sigmoid colon (S). 
Cervix (C)
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Finally, hemorrhagic infarction leads to irre-
versible loss of the ovary. Predisposing factors 
for ovarian torsion include an underlying uni-
lateral ovarian tumor (50–60%), most likely 
teratomas and cystic ovarian tumors including 
para-tubal cysts. Lesions larger than 6 cm have 
a greater risk for torsion (Sherard et al. 2003). 
However, torsion may also be encountered in 
normal-sized ovaries, particularly in children 
(Graif and Itzchak 1988). Furthermore, hyper-
mobile adnexa or elongated fallopian tubes 
and increased abdominal pressure have been 
reported to be responsible for ovarian torsion. 
Women in their first three decades have the 
highest incidence of ovarian torsion, which is 
related to the higher frequency of physiologi-
cal cysts and benign cystic tumors, infertility 
therapy and pregnancy. Approximately 20% of 
torsions occur during pregnancy, typically 
during the first and second trimesters. In post-
menopausal women, torsion typically affects 
a benign adnexal tumor, most commonly 
serous cystadenomas, whereas malignant 
tumors tend not to undergo torsion (Koonings 
and Grimes 1989).

Benign massive edema of the ovary is a rare 
disorder found in the second and third decades 
of life and may be a variant of ovarian torsion. 
It results from partial or intermittent torsion 
and is characterized by an excessively enlarged 
edematous ovary (Machairiotis et al. 2016). 
There may be an acute or progressive clinical 
presentation with pain. Approximately 43% of 
cases are found to have signs of torsion at sur-
gery (Praveen et al. 2013). The right ovary is 
more likely to twist than the left, suggesting 
that the sigmoid colon may help to prevent 
torsion.

2.5.1  Imaging Findings
The imaging findings depend on the degree 
and duration of torsion. Thickening of the fal-
lopian tube with hemorrhage is suggestive of 
torsion, especially when associated with an 
enlarged ovary or an adnexal cystic mass; 
torsed adnexal masses are often located mid-

line, cranial to the uterine fundus and there is 
often uterine deviation (Moribata et al. 2015). 
A twisted edematous pedicle can be seen con-
necting the lesion to the uterus with mixed sig-
nal intensity on all sequences on MRI (Haque 
et al. 2000). Sometimes when tracking down 
the ovarian vascular pedicle, a coiled vascular 
pedicle may produce the whirlpool sign 
(Fig. 11) (Lee et al. 1993). In a recent study 
using multivariate analysis, the whirlpool sign 
and a thickened fallopian tube (>10 mm) were 
associated with torsion, with substantial inter-
reader agreement (Beranger-Gibert et al. 
2016). In prepubertal and pubertal girls where 
torsion of a normal ovary occurs in 50%, a 
unilateral solid mass with peripheral small 
cysts is indicative of a torsed ovary (Fig. 12). 
In cases of hemorrhagic infarction, the 
enlarged ovary may show low signal intensity 
on T2WI due to interstitial hemorrhage, with-
out wall enhancement of the displaced folli-
cles (Haque et al. 2000). The presence of 
hemorrhage has been found to be associated 
with nonviable ovary in 70% of cases and via-
ble ovary in 27% of cases (Beranger-Gibert 
et al. 2016).

The most common appearance in adults is of a 
mass with areas of hyperintensity on T1WI due 
to hemorrhage and hyperintensity on T2WI due 
to ovarian edema (Kimura et al. 1994). Smooth 
wall thickening of the twisted adnexal cystic 
mass and a thin hyperintense rim at the periphery 
of the lesion on T1WI are further signs of ovarian 
torsion.

A tubular or comma-like structure partially 
covering the ovary represents the fallopian 
tube and may also display hemorrhagic con-
tents. CT studies have reported a diameter of 
the fallopian tube of 2–4 cm (Ghossain et al. 
1994).

Contrast enhancement on CT and MRI 
depends on the degree of viability (Kimura 
et al. 1994). MR findings in hemorrhagic 
infarction include lack of enhancement, 
engorged vessels surrounding the lesion, and 
signal intensity of hematoma (Rha et al. 2002). 
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Nonspecific findings include deviation of the 
uterus to the twisted side, ascites, and oblitera-
tion of the pelvic fat.

2.5.2  Differential Diagnosis
Clinically, ruptured ovarian cysts may resemble 
ovarian torsion. However, in the case of ruptured 
ovarian cyst, the ovary is usually normal in size 
and free fluid or blood may be seen in the pelvis; 

there is neither edema of an adnexal mass nor 
engorged adnexal vessels or dilatation of the 
 fallopian tube. Tubo-ovarian abscess and 
 hydrosalpinx may resemble advanced adnexal 
torsion. Lack of enhancement supports the diag-
nosis of ovarian torsion. In children, sonography 
usually allows the diagnosis of appendicitis as a 
cause of acute pelvic pain. In the case of a 
 suspected abscess or an ovarian mass, MRI may 

a

cb

Fig. 11 CT and MRI images of a right ovarian torsion. 
The CT (a) shows a hyperdense right adnexal lesion (open 
arrow) in a lady presenting with acute abdominal pain. A 
transvaginal ultrasound could not be tolerated. On 
T2-weighted MRI (b) there is a whirlpool sign (long 

arrow) anterior to the enlarged edematous right ovary 
which is intermediate signal intensity on T2WI (star). 
Follicles are seen at the periphery of the ovary. The T1 fat 
saturation MRI (c) demonstrates blood at the periphery of 
the torsed ovary (short arrow)
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assist in further assessment of the adnexa. Rarely, 
a calcified mass may result from chronic infarc-
tion which cannot reliably be differentiated from 
a calcified ovarian tumor (Currarino and Rutledge 
1989). Malignant massive ovarian edema may be 
seen when there is metastatic infiltration of the 
lymphatics of the ovary (Krasevic et al. 2004; 
Bazot et al. 2003) (Fig. 12).

2.5.3  Diagnostic Value
Early diagnosis and treatment is crucial to pre-
vent irreversible ovarian damage and prevent 
infectious complications. Most patients with 
suspected torsion clinically and on sonogra-
phy will undergo immediate surgical untwist-
ing. However, in patients that present with 
severe acute pain of uncertain diagnosis, CT 
may be the first line investigation and the signs 
of ovarian torsion may be difficult to appreci-
ate. MRI and CT are often used in clinically 
atypical cases, especially in chronic torsion. In 
early torsion, the imaging signs may be indic-
ative but not specific of ovarian torsion. MRI 
and CT are particularly useful in detecting 
twisted lesions displaced outside the pelvis, 

where sonography may be limited. In preg-
nancy and in children, MRI is the modality of 
choice to further assess suspected ovarian 
torsion.

2.6  Ectopic Pregnancy

Ectopic pregnancy describes implantation and 
growth of the fertilized ovum at any site other 
than the endometrial cavity. The fallopian tube 
accounts for the vast majority of all ectopic 
gestations (95%), with 75% found in the 
ampulla and the remainder occurring in the fim-
brial and isthmic portions with roughly equal 
distribution (Bouyer et al. 2002). Rarely, ecto-
pic pregnancy may occur within the ovary 
(3.2%), or within the peritoneal cavity (1.3%). 
Ectopic cervical pregnancy is more commonly 
found in pregnancies achieved through in vitro 
fertilization technologies (Ushakov et al. 1997). 
The major cause of ectopic pregnancy is disrup-
tion of normal tubal patency due to infection, 
surgery, müllerian anomalies, or tumors. The 
rise of ectopic pregnancies in the last decade is 

a b

Fig. 12 Massive ovarian edema caused by infiltration 
from a mucinous colorectal tumor. The large pelvic mass 
(arrow) is of high signal intensity on axial T2wi (a) and 

demonstrates peripheral and heterogeneous contrast 
enhancement on dynamic contrast-enhanced T1 fat-satu-
rated image (b)
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associated with the increased incidence of pel-
vic inflammatory disease. A history of PID with 
chronic salpingitis is found in 35–50% of 
patients with ectopic pregnancy.

2.6.1  Imaging Findings
On MRI, tubal wall enhancement and fresh tubal 
hematoma are highly specific for ectopic tubal 
pregnancy (Kataoka et al. 1999) (Fig. 13). The 
gestational sac is a cystic, centrally fluid-filled 
structure that is surrounded by a thick-walled 
peripheral rim. The latter displays inhomoge-
neous signal intensity on T2WI and medium sig-
nal intensity on T1WI, which may contain small 
areas of high signal intensity suggestive of blood 
(Nishino et al. 2002). When such a gestational 
sac-like structure is found separate from the 
uterus without tubal structures, this finding is 
equivocal due to the differential diagnostic prob-
lems of cystic ovarian masses (Kataoka et al. 
1999). Identification of the uterine junctional 
zone between the gestational sac surrounded by 
myometrium and the uterine cavity is highly 
 suggestive of a rare type of ectopic pregnancy, 
interstitial pregnancy (Filhastre et al. 2005). In 

suspected ectopic pregnancy, the combination of 
an adnexal mass and acute intraperitoneal hemor-
rhage is suggestive of tubal rupture.

2.6.2  Differential Diagnosis
In women of reproductive age presenting with 
elevated human chorionic gonadotropin levels, 
demonstration of a gestational sac-like structure 
is highly suggestive of ectopic pregnancy. 
However, ovarian cancer may rarely be detected 
during early pregnancy and be misdiagnosed as 
ectopic pregnancy (Riley et al. 1996). Based on 
the MRI findings alone, ectopic pregnancy may 
be misdiagnosed as an ovarian mass, e.g., ovarian 
cancer or endometriosis. Interstitial ectopic preg-
nancy may resemble cystic adenomyomas or 
necrotic leiomyomas (Filhastre et al. 2005).

2.6.3  Value of Imaging
The diagnosis of ectopic pregnancy is usually 
established by the combination of the clinical 
history, β-HCG levels, and transvaginal sonog-
raphy. The role of MRI has not been defined. 
It may, however, provide additional informa-
tion in the case of equivocal ultrasound, 

a b

Fig. 13 Hematosalpinx in ectopic tubal pregnancy. 
Transaxial T2WI (a) and contrast-enhanced T1WI with 
fat saturation (FS) (b). In a 27-year-old woman with a 
positive pregnancy test, a cystic adnexal mass (asterisk) 
displaces the uterus. There is widening of the endometrial 
cavity. The adnexal lesion is separated from the adjacent 

left ovary (arrow) and displays inhomogeneous signal 
intensity with areas of high and low SI on T2WI (a) indic-
ative of hemorrhage. The cystic content of the fallopian 
tube and distinct homogenous tubal wall enhancement is 
demonstrated following contrast media administration 
(b). Courtesy of Dr. Teresa Margarida Cunha, Lisbon
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 especially to better determine the exact site of 
origin of the ectopic pregnancy (Filhastre 
et al. 2005).

3  Nongynecological Causes 
of Pelvic Pain

3.1  Pelvic Congestion Syndrome

Pelvic congestion syndrome or pelvic venous 
incompetence (PVI) is a common cause of 
chronic non-cyclical pelvic pain that affects 
most often multiparous women of reproductive 
age. The symptoms of chronic dull pelvic pain, 
pressure, and heaviness have been attributed to 
dilated, tortuous, and congested veins that are 
produced by retrograde flow through incompe-
tent valves in ovarian veins, although the causal 
relationship between PVI and chronic pelvic 
pain is not established (Champaneria et al. 
2016). Patients with pelvic congestion syn-
drome may also suffer from dyspareunia 
(71%), dysmenorrhea (66%), and postcoital 
ache (65%) (Kuligowska et al. 2005). The 
prevalence of pelvic congestion syndrome is 
closely related to the frequency of ovarian vari-
ces, which occur in 10% of the general popula-
tion of women. Within this group of patients, 
up to 60% may develop pelvic congestion syn-
drome (Lopez 2015). The pathogenesis of pel-
vic congestion syndrome is most likely 
multifactorial and influenced by hormonal 
effects, multiparity, and previous surgery. 
Pelvic congestion syndrome may also result 
from obstructing anatomic anomalies such as a 
retro-aortic left renal vein or right common 
iliac vein compression (Kuligowska et al. 
2005). It may be associated with asymptomatic 
hematuria in the nutcracker phenomenon, 
which is caused by left ovarian vein congestion 
secondary to compression of the left renal vein 
by the superior mesenteric artery (Umeoka 
et al. 2004). Dilated veins include veins in the 
broad ligaments, ovarian plexus, and pelvic 
sidewalls. Varices within the para-vaginal 
plexus, vulva, or the lower extremities may 

also be found (Umeoka et al. 2004). Polycystic 
changes in ovaries are associated in approxi-
mately 40% of cases (Park et al. 2004).

3.1.1  Imaging Findings
The typical imaging findings are dilated and 
tortuous vascular structures engorging the 
uterus and ovaries, which may extend to the 
pelvic sidewalls or communicate with para-
vaginal veins. Ultrasound and MR imaging are 
noninvasive methods used to diagnose pelvic 
varices. The diagnosis of pelvic varicosities 
may also be made on CT by the demonstration 
of at least four ipsilateral dilated para-uterine 
veins of varying caliber, with a width of at 
least one vein larger than 4 mm or a diameter 
of the ovarian vein of more than 8 mm (Fig. 14) 
(Rozenblit et al. 2001). On T1-weighted MR 
images, pelvic varices display low signal 
intensity because of flow-void artifacts. On 
T2WI, the signal intensity depends on the 
velocity of blood flow. Contrast-enhanced 
magnetic resonance venogram (MRV) dis-
plays enhancing veins with maximal opacifi-
cation in a venous phase. On gradient echo 
MR images, the varices typically display high 
signal intensity. MRV has been shown to have 
high sensitivity for pelvic venous congestion 
when using phlebography as a reference stan-
dard (Asciutto et al. 2008).

3.1.2  Differential Diagnosis
Incompetent and dilated ovarian veins are fre-
quently seen on CT in asymptomatic parous 
women (Fig. 15) (Rozenblit et al. 2001). 
Congenital or acquired vascular malformations 
of the uterus or parametria present also as vascu-
lar lesions. Contrast-enhanced CT or MRI may 
aid in the differentiation by the early enhance-
ment of arteriovenous malformations in contrast 
to a more delayed enhancement in varicosities 
(Gulati et al. 2000). Adnexal masses with torsion 
or rare uterine tumors, especially choriocarcino-
mas, may also be surrounded by thick, tortuous, 
well-enhanced vessels. The clinical background 
and imaging findings of an adnexal or uterine 
mass aid in the differential diagnosis.
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a

b c

Fig. 14 Pelvic congestion syndrome. Transaxial CT at 
the level of the cervix uteri (a) and coronal scans in the 
pelvis and retroperitoneum (b, c). Multiple dilated tortu-
ous pelvic vascular structures are demonstrated within the 
parametria and pelvic sidewalls (a). The coronal images 

demonstrate engulfment of the uterus (U) by these vascu-
lar structures (b, c). Dilatation of both ovarian veins 
(arrows), which display a diameter of more than 8 mm, is 
shown in (c). U uterine corpus, C cervix

Fig. 15 Pelvic varices in an asymptomatic woman. CT 
shows numerous dilated para-uterine veins of varying 
diameter in an asymptomatic 37-year-old multiparous 
woman. U uterus, R rectum
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3.1.3  Value of Imaging
The diagnosis of ovarian and pelvic varices is 
established by sonography. CT or MRI are used 
to confirm the diagnosis and to guide therapy 
(Arnoldussen 2015). However, these cross-sec-
tional imaging techniques, which are not per-
formed in an upright position, may underestimate 
the venous pathology.

Several treatment options for pelvic conges-
tion syndrome, including laparoscopic trans-
peritoneal ligation of ovarian veins, are currently 
under investigation. Percutaneous coil emboli-
zation of the gonadal vein seems to be a safe 
technique that relieves pelvic pain in many 
patients with pelvic congestion syndrome 
(Mathias et al. 1996).

3.2  Ovarian Vein Thrombosis

Ovarian vein thrombosis typically presents as a 
complication in the postpartum period, encoun-
tered most frequently after caesarean section, but 
may also be seen following gynecologic or pelvic 
surgery (Rottenstreich 2016; Assal et al. 2017). It 
is caused by venous stasis and hypercoagulabil-
ity. The incidence of puerperal ovarian vein 
thrombosis (POVT) is approximately 1 in 2000 
deliveries (Witlin et al. 1996). Other conditions 
such as infection, recent surgery, malignancy, 
and Crohn’s disease increase the risk for ovarian 
vein thrombosis (Dunnihoo et al. 1991). Although 
a rare entity, ovarian vein thrombosis presents a 
differential diagnostic problem because of the 
nonspecific clinical symptoms, including fever, 
and the potential of fatal complications due to 
uterine necrosis or septic emboli (Savader et al. 
1988). As the majority (80–90%) of ovarian vein 
thrombosis occurs in the right ovarian vein, right-
sided pain is a typical clinical presentation.

3.2.1  Imaging Findings
Ovarian vein thrombosis is usually well depicted 
as a dilated tubular structure extending from the 
adnexa to the para-aortal region near the renal 
hilum. Contrast-enhanced CT allows direct visual-
ization of the low attenuating central thrombus 
surrounded by vascular contrast enhancement 

(Fig. 16) (Quane et al. 1998). On MRI, the throm-
bus may display high SI on T1 and T2WI. Transaxial 
gradient-echo images or contrast-enhanced T1WI 
images aid in differentiation of flow artifacts from 
thrombosis. Imaging in the coronal plane demon-
strates the full extent of ovarian vein involvement.

3.2.2  Differential Diagnosis
The differential diagnosis includes other causes 
of right-sided pelvic pain such as appendicitis, 
adnexal torsion, pelvic abscess, pyelonephritis, 
and endometritis (Kubik-Huch et al. 1999).

3.2.3  Value of Imaging
Color Doppler ultrasound is the primary imaging 
modality in patients with suspected ovarian vein 
thrombosis. Especially in the postpartum period, 
its performance is often limited due to uterine 
enlargement, postoperative changes, or obesity. 
This is why CT or MRI are commonly performed 
to rule out ovarian vein thrombosis.

a

b

Fig. 16 Ovarian vein thrombosis. CT scans below the 
level of the renal hilum (a) and lower lumbar region (b). 
In a patient with metastatic breast cancer with bone 
involvement (m), a nonoccluding thrombus (arrow) is 
identified in a dilated right ovarian vein (b). The renal vein 
(arrowhead) is patent (a)
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3.3  Appendicitis

Appendicitis affects all age groups, peaking in 
the early 20s and then gradually declining with 
increasing age. Appendicitis is 1.4 times more 
frequent in men compared to women. The most 
common causes of appendicitis are obstruction 
of the lumen by fecalith, lymphoid follicle 
hyperplasia, foreign bodies, and tumors. 
Variations in the appendiceal location make the 
clinical assessment of appendicitis difficult. The 
position of the appendix is retroperitoneal in 
about 30% of cases. In the remaining 70% of 
intraperitoneal appendices, the location can vary 
from retro-cecal to retro-ileal, deep pelvic, and 
rarely right upper quadrant location. Suspected 
appendicitis is the commonest cause of emer-
gency abdominal surgery; however, clinical 
diagnosis can be difficult and approximately 
20% of appendicectomy cases are false-positive 
diagnoses (Paulson et al. 2003). In women of 
reproductive age, the error rate can be as high as 
40%, because acute gynecological processes can 
mimic the clinical findings of acute appendicitis 
(Andersson et al. 1992).

Perforation and abscess formation can com-
plicate appendicitis in 38–55%, with the highest 
rates occurring in children and in elderly patients.

3.3.1  Imaging Findings
On CT the normal appendix appears as a tubular 
structure with a diameter of less than 6 mm that 
often contains air or contrast media. CT findings 
of acute appendicitis include enlargement of the 
appendix (>6 mm in outer diameter), enhance-
ment of the thickened appendiceal wall, and fat 
stranding of the peri-appendiceal region 
(Fig. 17) (Rao et al. 1997). Signs indicative of 
perforation include extra-luminal air, extra-
luminal appendicolith, a defect in the enhancing 
appendiceal wall, and an abscess or phlegmon 
(Horrow et al. 2003). A phlegmon is character-
ized by diffuse inflammation of the peri-appen-
diceal fat with no or small, ill-defined fluid 
collections. An abscess is a well-delineated 
fluid collection with rim enhancement (Horrow 
et al. 2003). Focal thickening of the cecum can 
be seen secondary to the inflammatory process 

and has been described as the arrowhead sign 
(Rao et al. 1997). The appearance on MR is sim-
ilar to that described on CT, including thicken-
ing of the appendiceal wall, a dilated fluid-filled 
lumen, and increased intensity of peri-appendi-
ceal tissue on T2-weighted imaging or contrast-
enhanced images (Fig. 18) (Nitta et al. 2005). 
Extra-intestinal fluid-filled hyperintense lesions 
with walls that are hypointense on T2-weighted 
images and thick on the contrast-enhanced 
images are indicative of abscesses. The pres-
ence of air on MRI or CT allows the definitive 
diagnosis of an abscess (Oto et al. 2005).

a

b

Fig. 17 CT findings in acute appendicitis. Axial Ct 
through the right lower quadrant (a, b). The tubular 
enhancing structure with a diameter of 9 mm is the dilated 
appendix (arrow). It is surrounded by marked fat strand-
ing of the peri-cecal fat and adjacent facial thickening. At 
the base of the appendix (arrow), thickening of the cecum 
can be seen, which presents the arrowhead sign (b). A 
small fluid collection is seen along the surface of the psoas 
muscle (b)
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3.3.2  Value of Imaging
Ultrasound is the primary diagnostic imaging 
modality for suspected acute appendicitis; how-
ever, this is often non-diagnostic due to limita-
tions in identifying the normal appendix, and 
variations in appendiceal location (Paulson et al. 
2003). CT is highly sensitive and specific in the 
diagnosis of appendicitis (rates of 90–95% and 
95–100%, respectively) is often performed when 
ultrasound is non-diagnostic. Due to its lack of 
ionizing radiation, MR is an alternative, highly 
useful imaging tool in the assessment of acute 
appendicitis (sensitivity and specificity rates of 
96%) and is particularly useful as a first line 
investigation in pregnant women (sensitivity and 
specificity of 94% and 97%, respectively) and 
children (sensitivity and specificity of 96%) 
(Petkovska et al. 2016).

3.4  Diverticulitis

Colonic diverticulosis is a very common condi-
tion in Western society, affecting 5–10% of the 

population over 45 years, and 80% over 85 years 
of age (Ferzoco et al. 1998).

Diverticula are small sacculations of mucosa 
and submucosa through the muscularis of the 
colonic wall. They develop at the point where 
the nerve and blood vessel penetrate the mus-
cularis between the teniae coli and mesentery 
(Horton et al. 2000). The most common loca-
tion for diverticula is the sigmoid colon. Acute 
diverticulitis occurs when the neck of a diver-
ticulum is occluded by food particles, stool, or 
inflammation, resulting in microperforation of 
the diverticulum with surrounding mild perico-
lic inflammation. This can lead to a localized 
abscess or, if adjacent organs are involved, a 
fistula. The inflammation is usually contained 
by peri-colonic fat and mesentery and without 
this free perforation and peritonitis can occur. 
The commonest clinical symptom is left-lower-
quadrant pain and tenderness, which is often 
present for several days before admission. 
Low-grade fever and mild leukocytosis are 
common but their absence does not exclude 
diverticulitis.

a b

Fig. 18 10-year-old girl with advanced appendicitis. The 
appendix is fluid filled and enlarged with a diameter of 
12 mm (arrow). Extensive adjacent inflammation is seen. 
There is also diffuse pelvic peritonitis and small amounts 

of ascites (asterisk). At surgery perforated appendicitis 
was found. Right ovary (arrowhead). Courtesy of Dr. 
Rosemarie Forstner
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Right-sided diverticulitis occurs in only 1.5% 
of patients in Western countries but is more com-
mon in Asian populations and tends to affect 
younger patients (Kang et al. 2004). Diverticulitis 
of small intestine or transverse colon is rare 
(Pereira et al. 2004).

3.4.1  Imaging Findings
On CT, diverticulae appear as small, air-filled 
outpouchings of the colonic wall. On MRI air-
filled diverticulae are hypointense against the 
high-signal-intensity peri-colonic fat. The most 
common imaging finding in diverticulitis is 
paracolic fat stranding, which is characteristi-
cally more severe than the focal colonic wall 
thickening (Fig. 19). The key to distinguishing 
diverticulitis from other inflammatory condi-
tions affecting the colon is the presence of diver-
ticulae in the involved segment (Pereira et al. 
2004). Contrast-enhanced CT or fat-suppressed 
T1-weighted contrast-enhanced images provide 
the best assessment of thickening of the colonic 
wall and the peri-colonic fat stranding. Other 
common imaging findings include thickening of 
the lateral conal fascia and a small volume of 
ascites in the cul-de-sac. Accumulation of fluid 
in the root of the sigmoid mesentery is known as 
the comma sign.

Complications of diverticulitis include 
diverticular phlegmon and abscess, colo-vesical 
fistula, and perforation. Phlegmon is a hetero-
geneous inflammatory mass found adjacent to 
the diverticulitis (Onur et al. 2017). An abscess 
occurs in up to 30% of cases and on CT appears 
as a hypodense fluid collection with a contrast-
enhancing rim and surrounding inflammatory 
changes. It may contain air or air–fluid levels 
(Horton et al. 2000). A colo-vesical fistula is 
suspected when air is seen in the bladder and 
there is thickening of the bladder wall adjacent 
to a diseased segment of bowel (Labs et al. 
1988). Focal contained perforations can com-
plicate diverticulitis; these appear as small 
extra-luminal deposits of air or extravasation of 
oral contrast material. Pneumoperitoneum is a 
rare finding in patients with diverticulitis 
(Horton et al. 2000).

3.4.2  Differential Diagnosis
The most important differential diagnosis is 
colon carcinoma. The presence of pericolic 
lymph nodes suggests the diagnosis of colon 
cancer rather than diverticulitis (Chintapalli 
et al. 1999). A long segment on involved colon 
(>10 cm), engorgement of adjacent sigmoid 
mesenteric vasculature, and the presence of 
fluid in the root of the sigmoid mesentery favor 
the diagnosis of diverticulitis (Horton et al. 
2000; Cobben et al. 2003). It is not always pos-
sible to distinguish diverticulitis from colon 
cancer and the two entities can coexist in 3–18% 
of patients (Cobben et al. 2003). The presence 
of pelvic abscess may raise the possibility of 
PID in the differential diagnosis, although the 
extent of inflammatory change in the bowel is 
usually diagnostic.

3.4.3  Value of Imaging
The role of imaging in diverticulitis is to 
exclude complications and predict the neces-
sity for emergent surgery. If an abscess is 
detected CT-guided percutaneous drainage 
may be performed. MR imaging can be useful 
in the diagnosis of right-sided diverticulitis in 
young or pregnant patients with suspected 
appendicitis.

Fig. 19 Sigmoid diverticulitis. Multiple air containing 
diverticula are found along the sigmoid colon. In this 
patient with acute pelvic pain, focal wall thickening, ste-
nosis, and paracolic fat stranding (arrow) are signs of 
acute diverticulitis involving the distal sigmoid colon. R 
rectum
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3.5  Epiploic Appendagitis

Epiploic appendages are pedunculated fat-filled 
structures protruding from the external surface of 
the colon into the peritoneal cavity. They vary 
considerably in size, shape, and contour, but they 
are usually 1–2 cm thick and 0.5–5 cm long and 
they are larger on the left side of the colon. They 
are presumed to serve a protective cushion during 
peristalsis. Epiploic appendages have limited 
blood supply and are highly mobile which makes 
them prone to torsion, ischemia, and hemorrhagic 
infarction. When this happens it is known as epi-
ploic appendagitis, hemorrhagic epiploitis, or 
epiploic appendicitis. It is a rare, benign, and 
self-limiting pathology. It occurs most commonly 
in the second to fifth decades of life, with a simi-
lar incidence among men and women (Almeida 
et al. 2009). The most common presentation is 
with sudden onset of abdominal pain without leu-
kocytosis and fever (Rao and Novelline 1999).

3.5.1  Imaging Findings
Normal epiploic appendages are not usually seen 
on CT or MR unless there is a sufficient amount 
of surrounding intraperitoneal fluid, either ascites 
or hemoperitoneum (Fig. 20). Imaging findings 
of epiploic appendagitis include an oval-shaped 

fingerlike paracolic mass with fat attenuation and 
peri appendiceal fat stranding (Pereira et al. 
2005). On CT, the density tends to be higher than 
uninvolved fat. A well-circumscribed hyperat-
tenuating rim surrounding the mass representing 
the inflamed visceral peritoneal lining is a char-
acteristic finding (Fig. 21). Adjacent colonic wall 
thickening and compression may also be seen 
(Rao and Novelline 1999). Sometimes a high 
attenuation central dot representing thrombosed 
central vessels or central areas of hemorrhage can 
be seen (Pereira et al. 2005). Rarely, dystrophic 
calcification from a previously infarcted append-
age may be evident (Pickhardt and Bhalla 2005). 
On MRI, the inflamed epiploic appendage is 
slightly less hyperintense than the adjacent peri-
toneal fat and shows marked signal loss on fat 
suppression sequences. The inflammatory rim is 
hypointense on T1-weighted images and hyper-
intense on T2-weighted images. The central 
draining vein is hypointense on both T1- and 
T2-weighted images (Almeida et al. 2009).

3.5.2  Differential Diagnosis
Segmental omental infarction, which is often 
localized on the right side of the omentum, has a 
similar appearance to epiploic appendagitis. 
Imaging findings range from subtle focal hazy 
soft-tissue infiltration of the omentum to a 

Fig. 21 Epiploic appendagitis. Axial CT shows soft-tis-
sue infiltration (arrow) with adjacent reticular fatty infil-
tration in the left iliac fossa. The well-circumscribed 
hyper-attenuating rim is more consistent with epiploic 
appendagitis than omental infarction

Fig. 20 Normal epiploic appendices on CT. Epiploic 
appendices of the sigmoid colon present pedunculated fat 
structures, which protrude from the sigmoid surface into 
the peritoneal cavity (arrow). They are easily visualized 
because of ascites in this woman with peritoneal carcino-
matosis. Small sigmoid diverticula which present air-con-
taining mural outpouchings into the peri-sigmoid fat 
tissue are also demonstrated (arrowhead)
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 tumor-like inflammatory processes that may or 
may not lie immediately adjacent to the colon 
(Pereira et al. 2005; Pickhardt and Bhalla 2005). 
As features may also overlap with those of epi-
ploic appendagitis, the term “focal fat infarction” 
has been suggested by some authors for both 
entities (Pereira et al. 2005).

3.5.3  Value of Imaging
Epiploic appendagitis and omental infarction 
are causes of acute pelvic pain that are often 
misdiagnosed clinically as acute appendicitis or 
diverticulitis. Imaging allows a definite diagno-
sis in most cases and patients can be managed 
conservatively.

3.6  Crohn’s Disease

Crohn’s disease is a chronic granulomatous 
inflammatory intestinal disease with a mean age 
of presentation in the third and fourth decades. It 
can affect any part of the gastrointestinal tract 
from the mouth to the anus, often involving mul-
tiple discontinuous sites. The small intestine is 
involved in 80% of cases, most commonly at the 
terminal ileum. The colon is affected either with 
or without involvement of the small intestine 
(Furukawa et al. 2004). Leading clinical manifes-
tations are prolonged diarrhea with abdominal 
pain, weight loss, and fever. There is transmural 
inflammation of the bowel which may lead to 
adherent bowel loops inflammatory masses, fistu-
lae, sinus tracts obstruction, and perforation. 
Perianal disease such as anal fissures, fistulas, 
and abscesses occur in 22% of patients with 
Crohn’s disease, and are often the first clinical 
manifestation (Williams et al. 1981).

3.6.1  Imaging Findings
Bowel wall thickening, usually ranging from 1 
to 2 cm, is the most consistent feature of 
Crohn’s disease on CT and MR (Rollandi et al. 
1999). Mural stratification (target appearance) 
is often seen in active lesions, particularly after 
contrast administration. The intensity of bowel 
wall enhancement correlates with the degree of 
inflammation (Gore et al. 1996). Luminal 

 narrowing, pre-stenotic dilatation, fibro-fatty 
proliferation of the mesentery, and mesenteric 
lymph nodes ranging from 3 to 8 mm in size are 
further common findings (Fig. 22). On CT, 
fibro-fatty proliferation has a slightly increased 
attenuation. On MRI, the signal intensity is 
decreased compared with normal fat separating 
the bowel loops. Phlegmon and abscesses can 
occur in the small bowel mesentery, abdominal 
wall, or psoas muscle or perianally. They are 
well demonstrated on CT and fat-saturated 
T1W MR imaging (Furukawa et al. 2004). 
Fistulas and sinus tracts can also be identified 
on MR; however, the reported sensitivity (50–
75%) is less than for conventional enteroclysis 
(Gourtsoyiannis et al. 2002).

a

b

Fig. 22 Crohn’s disease in CT. Small bowel loops with 
dilatation and stenoses are demonstrated in two pelvic CT 
scans (a, b). A loop of ileum shows transmural wall thick-
ening and intense contrast enhancement (arrow) (a). 
Adjacent mesenteric hypervascularity represents the 
comb sign (long arrow) and is another sign of inflamma-
tory activity (b). Heterogeneity of surrounding fat with 
increased attenuation presents fibrofatty proliferation 
(arrowhead) (b)
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3.6.2  Differential Diagnosis
Ulcerative colitis is a mucosal disease that pri-
marily affects the rectum. It is typically left-sided 
or diffuse, and only rarely involves the right 
colon exclusively (Philpotts et al. 1994). The 
mean wall thickness in Crohn’s disease is usually 
greater than in ulcerative colitis (Fishman et al. 
1987). The halo sign, a low-attenuation ring in 
the bowel wall caused by deposition of submuco-
sal fat, is seen more commonly in ulcerative coli-
tis than in Crohn’s disease. Proliferation of 
mesenteric fat is almost exclusively seen in 
Crohn’s disease, whereas proliferation of perirec-
tal fat is nonspecific and can result from Crohn’s 
disease, ulcerative colitis, pseudomembranous 
colitis, or radiation colitis (Philpotts et al. 1994). 
Abscesses are almost exclusively found in 
Crohn’s disease and not in ulcerative colitis 
(Gore et al. 1996).

3.6.3  Value of Imaging
Cross-sectional imaging is able to demonstrate 
transmural extent, skip lesions beyond severe 
luminal stenoses, and intraperitoneal extraintesti-
nal complications. MRI is preferred because of 
its lack of ionizing radiation and high diagnostic 
accuracy (sensitivity and specificity of up to 84% 
and 100%, respectively) (Laghi et al. 2003). MRI 
is also better at detecting complications such as 
fistulae that can be missed on CT. However, CT 
and MR imaging are both inferior compared to 
enteroclysis in the depiction of early disease 
manifestations (Furukawa et al. 2004).

3.7  Rectus Sheath Hematoma

Rectus sheath hematoma is an uncommon and 
often misdiagnosed condition resulting from 
either rupture of the epigastric vessels or the rec-
tus muscle itself. The hematoma may be caused 
by coagulation disorders, trauma, or anticoagula-
tion therapy (Fishman et al. 1987). Clinically, 
most patients present with acute abdominal pain, 
a peri- or infraumbilical mass, and anemic syn-
drome. Some patients also have a history of severe 
coughing episodes due to bronchial infection.

3.7.1  Imaging Findings
The shape of rectus sheath hematomas depends 
on the relationship to the arcuate line, which is 
3.5–5 cm below the umbilical level (Fukuda 
et al. 1996). Above this level, they usually 
appear as spindle-shaped due to encasement 
by firm aponeurotic sheaths (Fig. 23). Below 
the arcuate line, hematomas tend to appear 
spherical and may communicate with extra-
peritoneal pelvic and perivascular pelvic 
spaces (Fukuda et al. 1996). On CT, hemato-
mas present as homogeneous hyperdense 
lesions with thin circumferential halos of low 
density. Clot resorption leads to diminution of 
density and fluid–fluid levels because a hema-
tocrit effect may be found within hematomas 
(Berna et al. 1996; Wolverson et al. 1983). 
Additional findings of rectus sheath hema-
toma include increased density of the adjacent 
subcutaneous fat and enlargement of the 
anterolateral muscles (Fukuda et al. 1996). On 
MRI, rectus sheath hematomas demonstrate 
heterogeneous signal intensities with areas of 
high signal intensity on T1-weighted and 
T2-weighted images. Fluid–fluid levels and a 
concentric ring sign can also be noted (Blum 
et al. 1995).

Fig. 23 Rectus sheath hematoma on CT. A spindle-
shaped lesion is seen in the left rectus muscle (arrow). It 
shows homogenous high density and is surrounded at its 
anterior periphery by a minimal hypodense rim. Only 
minimal thickening of the adjacent lateral abdominal 
muscles can be noted
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3.7.2  Differential Diagnosis
The acute clinical onset in a patient under antico-
agulation supports the diagnosis of a rectus 
sheath hematoma. MR imaging may be useful in 
differentiation of chronic rectus sheath hemato-
mas from anterior abdominal wall masses such as 
lipoma, hemangioma, neurofibroma, desmoid 
tumor, soft-tissue sarcoma, lymphoma, or meta-
static lesions. Although bleeding into neoplasm 
may occur, hyperintense regions are rarely 
observed in tumors (Fukuda et al. 1996).

3.7.3  Value of Imaging
In the presence of a clinically suspected rectus 
sheath hematoma or equivocal findings in sonog-
raphy, CT should be performed. CT usually 
allows the correct diagnosis and obviates unnec-
essary surgical interventions (Berna et al. 1996).
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Abstract

Pelvic floor dysfunction comprises disorders 
related to pelvic floor descent and pelvic 
organ prolapse, urinary and fecal inconti-
nence, defecation disorders, or pelvic pain. 
Although it may also occur in young age, 
typically postmenopausal women suffer from 
pelvic floor dysfunction that may signifi-
cantly impair the quality of life. Its etiology is 
multifactorial, but female gender, increasing 
age and childbirths have been recognized as 
leading risk factors. MRI has emerged as an 
imaging technique to provide comprehensive 
information and has become an important 
diagnostic tool for treatment planning and for 
tailoring the surgical approach in pelvic floor 
pathologies.

This chapter reviews MRI for evaluation of 
the pelvic floor. The first part focuses on 
details of the examination technique, and pro-
vides information to assess qualitatively and 
quantitatively the pelvic floor. In the second 
part typical imaging findings associated with 
pathologies within the three anatomical com-
partments of the pelvic floor are covered. 
Finally, strengths and limitations of MRI of 
the pelvic floor will be discussed.
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Abbreviations

MRI Magnetic resonance imaging
PCL Pubococcygeal line
POP Pelvic organ prolapse
US Ultrasonography
WI Weighted images

1  Introduction

Pelvic floor dysfunction has become a major 
health care issue with the increasing ageing 
population. It is an umbrella term for different 
clinical disorders related to pelvic floor descent 
and pelvic organ prolapse, urinary and fecal 
incontinence, defecation disorders, or pelvic 
pain (Pannu et al. 2015). Pelvic floor dysfunc-
tion affects 30–50% of women, with approxi-
mately 10–20% of these becoming symptomatic 
and requiring surgery (Jundt et al. 2015). POP 
recurrence rates after surgery are high with a 
range between 30 and 70% (Tijdink et al. 2011). 
Although it may occur in young age, typically 
postmenopausal women suffer from pelvic 
floor dysfunction that may significantly impair 
the quality of life (Rogers and Fashokun 2016). 
Its etiology is multifactorial and associated 
with degradation of collagen, hormonal effects, 
obesity, multiparity, vaginal delivery, previous 
surgeries, constipation, muscle denervation, 
and menopause. But female gender, increasing 
age, and childbirths have been recognized as 
leading risk factors (Rogers and Fashokun 
2016). Demographic developments in industri-
alized countries let expect the substantially 
increased need of imaging in patients with pel-
vic floor symptoms (Woodfield et al. 2010).

Among the imaging modalities MRI has 
emerged as an imaging technique to provide 
comprehensive information and has become an 
important diagnostic tool for treatment planning 
and for tailoring the surgical approach in pelvic 
floor pathologies (Pannu et al. 2015; El Sayed 
et al. 2016).

2  Imaging Techniques

Imaging modalities to assess the pelvic floor 
comprise conventional fluoroscopic techniques, 
ultrasonography, and MRI. Fluoroscopic X-ray 
techniques include cystourethrography, defecog-
raphy or evacuation or voiding proctography, and 
colpocystoproctography. The latter requires 
opacification of multiple organs such as rectum, 
vagina, and small bowel and instillation of con-
trast media into the bladder via a urinary bladder 
catheter (Kim 2011). This widely available tech-
nique is performed in physiological sitting posi-
tion, but is limited with respect of radiation 
exposure and inability to directly visualize the 
pelvic floor (Flusberg et al. 2011).

Various approaches including transabdomi-
nal, transvaginal, endoanal, transperineal, and 
translabial sonography have been used to 
assess urinary or fecal incontinence. Well-
known advantages of this technique are short 
duration of exam, wide availability, and real-
time imaging capabilities (Pannu et al. 2015). 
These, however, are outweighed by the small 
field of view, and its high operator dependence. 
Although its routine use is still limited, 3D and 
4D US are emerging techniques to diagnose 
POP and are able to demonstrate pelvic muscu-
lature and fascias and otherwise difficult-to-
assess mesh slings or implants (Dietz 2010). 
When performed by experts, good to excellent 
interobserver agreement can be achieved even in 
multicompartment ultrasound of the pelvic floor 
(Lone et al. 2016).

MRI has become the imaging method of 
choice to assess complex pelvic floor disorders, 
as it provides a comprehensive approach by 
combining static and dynamic MRI sequences 
(Maglinte et al. 2011). This technique has syn-
onymously also been reported as dynamic MR, 
cine MR, MR defecography, MR proctography, 
or functional MR of the pelvic floor (Pannu 
et al. 2015; El Sayed et al. 2016). It was first 
introduced in 1991 by Yang et al. and Kruyt 
et al. They described movement of the blad-
der, vagina, and rectum in relation to the 
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 pubococcygeal and symphysiosacral reference 
line in asymptomatic subjects and in patients. 
In 1993 Goodrich et al. recommended MRI for 
the pre- and postoperative evaluation of patients 
after pelvic floor surgery (Goodrich et al. 1993). 
Several consecutive  publications showed at 
least equal results or its superiority compared 
to conventional colpocystoproctography and 
defecography (Gufler et al. 2004; Kelvin et al. 
2000; Bump et al. 1996; Lienemann et al. 1996, 
1997). Unfortunately for many years this tech-
nique showed inherent limitations in respect of 
standardization resulting in numerous variants 
of imaging techniques and protocols (El Sayed 
et al. 2016). A joint initiative of the ESUR and 
ESGAR pelvic floor working groups has over-
come this problem and recommendations for 
the imaging technique and for reporting of pel-
vic floor disorders with MRI have been pub-
lished in 2016 (El Sayed et al. 2016).

3  MRI Technique of the Pelvic 
Floor

3.1  Indications

Pelvic floor dysfunction may manifest with 
symptoms related specifically to affected struc-
tures, e.g., with urinary symptoms (stress and 
urge incontinence, or obstructed voiding), with 
defecatory symptoms (constipation, fecal 
incontinence, difficult or incomplete defeca-
tion), as pelvic pain or as adverse effects on 
sexual function (Rogers and Fashokun 2016). 
Among these bowel symptoms, those typically 
arising from the posterior pelvic compartment 
are leading indications for MRI (El Sayed et al. 
2016). A specialist survey enlisted in order of 
decreasing frequency rectal outlet obstruction, 
rectocele, recurrent pelvic organ prolapse, 
enterocele, and dyssynergetic pelvic floor syn-
drome as clinical symptoms best suited to be 
assessed by MRI (El Sayed et al. 2016). In the 
postoperative setting MRI may assist to eluci-
date postoperative complications and the causes 

of failed POP repair by visualization of meshes, 
of relapsed POP, and of the integrity and move-
ment of the pelvic floor muscles (Pannu et al. 
2015; Alt et al. 2014).

3.2  Patient Preparation

An overextended bladder may impair the diagno-
sis of pelvic floor dysfunction. This is why 
according to the recent recommendations the 
bladder should be emptied 2 h before the exam, 
which will result in a midfull bladder during the 
exam (El Sayed et al. 2016). Cleansing of the rec-
tum prior to the exam is helpful, but joint recom-
mendations do not exist. Devices, e.g., pessar 
rings or intravaginal diaphragms, have to be 
removed before the exam.

3.3  Patient Instruction

Explaining the patient how to perform the 
required exercises is pivotal for a successful 
MRI study. Thus, optimally dedicated training 
for how to correctly perform the dynamic phases 
including straining, squeezing, and evacuation 
should precede the MR exam (El Sayed et al. 
2016). As collaboration is pivotal, the patient 
has to be able to understand and follow the com-
mands during the examination. Emptying of the 
rectum during the examination is required to 
assess the complex relationships in pelvic organ 
prolapse (Flusberg et al. 2011). This is why 
evacuation should be prolonged until complete 
defecation has been documented. Incomplete 
rectal evacuation results in a significantly lower 
sensitivity for the detection of pelvic floor 
defects by MRI compared to colpocystoproc-
tography (Vanbeckevoort et al. 1999). If the 
patient is either too embarrassed to defecate 
inside the magnet or is unable to empty the rec-
tum at all while lying supine, a triphasic 
approach may be performed with an additional 
post-toilet phase after the patient has evacuated 
in the bathroom (Kelvin et al. 2000).
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3.4  Patient Positioning

In open-configuration MRI systems patients can 
be examined sitting on an MRI-compatible seat 
(Pannu et al. 2015; Lienemann et al. 1996). A 
physiological position for defecation cannot be 
achieved in close configuration systems where 
only horizontal positioning of the patient is fea-
sible. In this case supine position is preferred to 
prone position, as it is more stable and conve-
nient for the patient (Delemarre et al. 1994). 
Positioning with feed first will reduce claustro-
phobia. Furthermore, slight bending of the knees 
by a pillow underneath the knees and abduction 
of the hips will facilitate the process of defeca-
tion (Pannu et al. 2015; Bitti et al. 2014). Diapers 
and waterproof pads placed beneath the patient 
reliably prevent soiling of the table and help to 
improve the compliance (El Sayed et al. 2016; 
Lienemann et al. 1997; Healy et al. 1997a).

3.5  Organ Opacification

On T2-weighted imaging fluid-filled structures 
like the bladder or small bowel loops exhibit high 
signal intensity. But other organs like the vagina, 
rectum, or anal canal show an intermediate to low 
signal intensity. To improve their visualization 
and their differentiation from adjacent tissues 
during the dynamic phases vaginal and rectal 
opacification by ultrasound gel is performed 
(Lienemann et al. 1997; Sprenger et al. 2000). 
Some authors also advocated the placement of 
thin catheters to outline the urethra and to fill the 
bladder with 60 mL of saline solution and con-
trast media (Kelvin et al. 2000; Hodroff et al. 
2002). But it is important to be aware that the 
catheter might impede the movement of the ure-
thra and a rectocele or enterocele may be masked 
by a full bladder or a cystocele blocking the geni-
tal hiatus.

Emptying the bladder 2 h before the MRI will 
result in a midfull bladder. Lack of rectal contrast 
may result in a suboptimal study (Pannu et al. 
2015). This is why rectum opacification is per-
formed to improve visualization of the anorectal 
junction and to diagnose rectoceles. Instillation 

of 120–250 cm3 of ultrasound gel improves also 
assessment of intususceptions and of rectal evac-
uation. A larger amount of gel is likely to facili-
tate the defecation (Lienemann et al. 1997). In 
the ESUR/ESGAR recommendations no agree-
ment on opacification of the vagina was obtained 
(El Sayed et al. 2016). But opacification with 
20 cm3 of ultrasound gel allows visualization of 
the entire vagina and especially of the posterior 
fornix and its posterior vaginal wall (Lienemann 
et al. 1997). In addition, during Valsalva maneu-
ver the gel in the vagina is emptied passively and 
thus the movement of the organ itself is not 
impeded (Hodroff et al. 2002).

3.6  Sequence Protocols

Technical prerequisites include mid- to high-field 
MR systems, surface array coils, and upright or 
supine position of the patient (Pannu et al. 2015; 
El Sayed et al. 2016; Fielding et al. 1998; Fielding 
2003; Lienemann 1998). Pivotal in MR imaging 
of pelvic floor disorders is the acquisition of both 
static and dynamic imaging techniques. Static 
images provide multiplanar high spatial resolu-
tion of the pelvic floor anatomy, particularly the 
muscles and ligamentous structures (El Sayed 
et al. 2016; Lienemann et al. 1997; Delemarre 
et al. 1994). Integrity of the anal sphincter com-
plex, position and morphology of the pelvic 
organs, and perivaginal space can also be assessed 
(Pannu et al. 2015; Fielding 2003). Furthermore, 
incidental findings (e.g., Bartholini, Gartner or 
ovarian cysts, or uterine leiomyomas) may be 
seen (Lienemann 1998).

Dynamic MRIs are performed at rest, squeez-
ing, under maximal stress of the pelvic floor, and 
during defecation and displayed in cine mode 
(Fig. 1). Thus pelvic floor mobility, integrity of 
the pelvic floor or pelvic floor weakness, and 
organ prolapses are best visualized (El Sayed 
et al. 2016).

T2W imaging of the pelvic is performed at 
rest in three planes. This is followed by a dynamic 
acquisition in midsagittal plane at rest during 
squeezing, maximum straining, and evacuation 
of the rectal gel. Technical details of the MRI 
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protocol as suggested by the ESUR/ESGAR rec-
ommendations are summarized in Table 1.

For the dynamic studies the midsagittal plane 
through the pelvis is the preferred slice orienta-
tion. It provides an excellent overview of all rel-

evant organs within the different compartments 
of the pelvis and of the bony frame (Lienemann 
1998) (Figs. 2, 3, and 4). This view is similar to 
conventional cystography or evacuation proctog-
raphy. Owing to the complexity of the pelvic 

a

c d

b

Fig. 1 Maneuvers of the dynamic series at rest (a), squeeze (b), straining (c), and defecation (d)
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a

c d

b

Fig. 2 Combined organ descent in a 40-year-old primipa-
rous woman with stool outlet obstruction. T2-weighted 
functional MR images of the pelvis (a–c midsagittal; d 
transversal) obtained with the patient at rest (a) and during 
straining (b–d). (a) Normal position of the bladder (B), 
vagina (V), and uterus (U) above the pubococcygeal refer-
ence line (white line). The rectum (R) shows no anterior 
bulging. Vagina and rectum are filled with sonography 
gel. (b) During the first period of straining the anterior 
rectal wall is protruding in an anterior direction forming a 
deep rectocele (arrows). The bladder (B) and the uterus 
(U) descend only slightly. (c) After repeated straining and 

defecation now the rectum (R) and the rectocele (arrow) 
are emptied. Therefore, given more space to slide into the 
genital hiatus, a large cystocele (B) and a descensus of the 
uterus (U) far below the PC line occur causing a compres-
sion of the rectal lumen. Note the relaxed levator ani mus-
cle with a nearly vertical orientation. (d) In the axial plane 
(level of the pubic symphysis) a ballooning of the levator 
ani muscle (arrows) resulting from muscular weakness 
can be seen. The descending bladder (B), lower parts of 
the uterus (U), and the rectum (asterisk) are located 
between the two sides of the puborectal muscle
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a b

Fig. 3 Multiparous 71-year-old woman with defecation 
disorder. Midsagittal T2-weighted MR images of the pel-
vis obtained with the patient straining repeatedly. (a) 
During the first straining episode the well-gel-filled rec-
tum (R) shows an extensive bulging of the rectal wall in 
the anterior-perineal as well as in the posterior direction 
(white arrows). This anterior and posterior rectocele stabi-
lizes the position of both the bladder (B) and the vaginal 
vault (asterisk), which stay at the level of the PC line. 

Additionally, a thickening of the rectal mucosa (black 
arrows) is depicted marking a beginning intussusception. 
(b) After incomplete emptying of the rectocele and rec-
tum (R) a large enterocele (E) has developed with mesen-
terial fatty tissue sliding down into the rectovaginal space. 
The sonography gel in the vagina has been evacuated pas-
sively. These findings are accompanied by a small cysto-
cele with funneling of the urethra (arrow) and a vaginal 
vault descent (asterisk)

Fig. 4 A 69-year-old female with a partial prolapse of 
the posterior vaginal wall during clinical examination. 
Midsagittal T2-weighted MR images obtained with the 
patient straining. A huge bulging of the anterior rectal 
wall in an anterior direction occurs. The depth of the rec-
tocele can be measured as the distance between the tip of 
the rectocele (double arrow) and a parallel line along the 
anal canal (black line). The bladder (B) and the uterus (U) 
descend only slightly
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floor at least two additional slice orientations per-
pendicular to each other allow better depiction of 
pelvic floor abnormalities (Lienemann 1998). 
The ESUR guidelines advise angulated transaxial 
and coronal planes as optional (El Sayed et al. 
2016) (Table 1).

4  MR Image Analysis

Image analysis should include the following 
aspects: bony pelvis, muscles and ligaments of 
the pelvic floor, and presence and degree of 
movement of organs and reference structures 
during evacuation. Static images provide detec-
tion and classification of structural abnormalities 
and dynamics are assessed to detect qualitatively 
and quantitatively assess the three compartments 
of the pelvic floor (El Sayed et al. 2016).

Measurements assist in quantifying the extent 
of pelvic floor organ prolapse and of pelvic floor 
relaxation. These MRI findings are optimally 
reported in a structured MRI report (El Sayed 
et al. 2016). Depending on the referring sites 
speciality- focused MRI reports may render more 
specific information according to urologic, uro-
gynecologic, and proctologic focus (El Sayed 
et al. 2016; Macura et al. 2006).

4.1  Bony Pelvis

The bony pelvis and its inserting muscolofascial 
diaphragm, the pelvic floor are exposed to chang-
ing forces, which serve as inferior closure of the 
abdominal cavity and provides bladder and bowel 
control (Bitti et al. 2014). The pelvic bones as a 
surrounding frame protect and support the soft tis-
sues and pelvic viscera (Retzky et al. 1996). A per-
pendicular relationship of the abdominal and pelvic 
cavity in a properly orientated bony pelvis, which 
directs the pressure towards the pubic symphysis 
and away from the pelvic floor, has been proposed 
(Retzky et al. 1996).

In MR pelvimetry a wider transverse inlet and a 
shorter obstetrical conjugate were associated with 
pelvic floor disorders (Handa et al. 2003). 
Incidental findings include Tarlov cysts, occult 

stress fractures of the sacral bone, or coccygo-
dynia. In the latter, bone edema as well as a sur-
rounding small rim of fluid can be seen (Maigne 
et al. 2012). Configuration and mobility of the coc-
cygeal bone may vary. Bo et al. found a ventrocra-
nial movement of 8.1 mm during  contraction and a 
caudodorsal movement of 3.7 mm during strain-
ing, but there were no statistical difference between 
continent and incontinent women (Bo et al. 2001).

4.2  Pelvic Floor Muscles 
and Ligaments

The pelvic floor is composed of three layers: the 
endopelvic fascia which is too thin to be directly 
depicted on MRI, the pelvic floor muscles, and 
the perineal membrane which can be visualized at 
imaging as the perineal body, a connective soft-
tissue condensation at the insertion of the perineal 
muscles, and external sphincter (Bitti et al. 2014).

The muscular pelvic floor including the compo-
nents of the levator ani muscles does not represent 
a simple linear plate or hammock which is 
 interconnected between the bony structures, but a 
complex 3D structure (Hjartardottir et al. 1997). 
Postprocessing with volume rendering techniques 
which are still a field of ongoing research assists in 
understanding the complexity of its anatomy and 
function (Bitti et al. 2014). Linear measurements on 
2D MR images can vary considerably. In their study 
Hoyte et al. measured the anterior-posterior dimen-
sion of the levator hiatus using slightly rotated 
images (Hoyte and Ratiu 2001). Calculated and 
measured values differed and showed up to 15% 
variation. This may be explained as most cuts on 
MR images are not completely perpendicular to the 
muscle, and therefore oblique measurements will 
overestimate the muscular thickness (Bo et al. 2001). 
Positioning of the patient within the MR scanner 
may also impact on the measurements. It is highly 
recommended to position the patient on the coronal 
localizer with both acetabular bones at the same 
level. Tilting of the pelvis in the vertical axis during 
straining should also be avoided to prevent asym-
metries (Bump et al. 1996). Interobserver accuracy 
has to be considered, especially in thin structures of 
only a few millimeters in size (Carr et al. 1996). In 
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the literature a variety of parameters concerning pel-
vic floor muscles have been analysed: width of the 
levator hiatus on axial on coronal and sagittal images, 
thickness of the iliococcygeal portion of the levator 
ani muscle on coronal and axial images, range of 
movement of the levator ani muscle on coronal 
images, urogenital hiatus on axial, as well as surface 
of the levator ani muscle assessed on coronal images 
(Woodfield et al. 2010; Hoyte and Ratiu 2001; 
Fielding 2002; Goh et al. 2000; Lienemann et al. 
2000a; Pannu et al. 2000; Goodrich et al. 1993b; 
Hjartardottir et al. 1997b; Singh et al. 2002; Healy 
et al. 1997b). In addition, several different angles 
have been proposed: the levator- plate, levator-vagi-
nal, and iliococcygeal angle (Goodrich et al. 1993; 
Hodroff et al. 2002; Goh et al. 2000; Healy et al. 
1997b). The levator plate angle (LPA) is the angle 
between the posterior part of the levator ani muscle 
(iliococcygeal portion) as seen on the midsagittal 
image and the pubococcygeal reference line (PC 
line). In a similar way, the levator-vaginal angle is 
calculated by measuring the angle between the pos-
terior portion of the levator ani plate and a line drawn 
through the horizontal axis of the upper third of the 
vagina (Singh et al. 2002). Another parameter to 
assess the orientation and slope of the iliococcygeal 
muscle is the angle between this muscle and the 
transverse plane of the pelvis on coronal images 
(Singh et al. 2002). However, measuring angles is 
challenging and limited by inter- and even intraob-
server variability because of the often not completely 
even, but slightly curved, shape of the anatomical 
structures, e.g., the levator plate or the vaginal wall.

The shape of the various parts of the levator 
ani muscle reveals important additional infor-
mation. Muscle defects with or without hernias 
are best seen on coronal images. A vertical ori-
entation of the anococcygeal ligament on 
 midsagittal images and a ballooning of the 
puborectal portion on axial images is indicative 
of pelvic floor weakness (Fig. 2c, d) (Bitti et al. 
2014; Hoyte and Ratiu 2001). Normally the 
course of the anococcygeal ligament roughly 
parallels the PCL line at rest and during strain-
ing (Bitti et al. 2014).

Asymmetry or even complete loss of the right 
puborectal portion of the levator ani is a frequent 
finding in parous women after episiotomy. 
Intramuscular hematomas due to excessive  straining 

or a thickened coccygeal portion in patients with 
levator ani syndrome or extensive scars due to pre-
vious surgery are other common findings.

Support to the pelvic floor is provided not only 
by the muscles, but also by ligaments and connec-
tive tissues (Bitti et al. 2014). Tears within these 
ligaments have been reported to be the cause of 
rectoceles or uterine/vaginal descent (Bitti et al. 
2014; Bazot et al. 2011; El Sayed et al. 2008).

On MRI the rectovaginal septum, anococcy-
geal ligament, and sacrouterine ligaments can be 
clearly visualized. The first two structures are best 
seen on midsagittal images, whereas the sacrouter-
ine ligaments can be delineated on coronal images 
or with oblique angulation (Bazot et al. 2011). The 
rectovaginal septum is seen between the posterior 
wall of the vagina and the anterior wall of the rec-
tum, which are both of intermediate to low signal 
intensity. Separation of these two structures by a 
small rim of high signal intensity on T2-weighted 
images may just indicate a deep pouch of Douglas.

The connective tissues consist of fascias com-
prising the arcus tendinous levator ani and fascia 
pelvis (Bitti et al. 2014). It also wraps around the 
bladder, vagina, and uterus and suspends these 
organs to the pelvis (Bitti et al. 2014). The fascia 
itself is too thin to be visualized on imaging; how-
ever indirect signs of fascial defects have been 
described in MRI. Central to the understanding of 
fascial tears is the concept of the three levels of fas-
cial support of the vagina: Level I consists of the 
posterior fornix and cervix, level II of the middle 
third of the vagina, and level III of the lower third 
of the vagina (Bitti et al. 2014; Huddleston et al. 
1995). Imaging features of endofascial defects dif-
fer depending on the level involved. In level I 
defects due to loss of support of the vaginal apex by 
the uterosacral ligaments the upper vagina may 
appear flat or curved on a transaxial plane. This is 
typically found in multiparous women and usually 
caused by detachment from the ischial spine (Bitti 
et al. 2014). On MR imaging this facial defect is 
characterized by the chevron sign, a bilateral dis-
tortion of the upper vagina (Bitti et al. 2014).

In level II endofascial defects the normal H 
shape of the vagina is lost and due to loss of fas-
cial suspension the bladder is displaced posteri-
orly and gives rise to the saddle bag sign (Bitti 
et al. 2014; Macura et al. 2006) (Fig. 5). Besides 
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these lateral (paravaginal) defects central fascial 
defects at this level are postulated to predispose 
for enteroceles (Bitti et al. 2014).

Level III is defined by the lower vagina, perineal 
membrane, and urethral suspension ligaments. 
Disruption or complete absence of urethral suspen-
sion ligaments can lead to enlargement of the 
Retzius space between pubic bone and urethra, the 
drooping moustache sign (El Sayed et al. 2008).

4.3  Assessment of Pelvic Organ 
Mobility: Reference Lines

To evaluate the range of movement of the organs 
of the pelvic floor many reference lines have been 
published. On general consensus, the ideal refer-
ence line system should accomplish the follow-
ing criteria: (1) mark the level of the levator ani 
muscle as the main supporting structure of the 
entire pelvic floor; (2) be independent of tilting of 
the pelvis by using two or more well-defined 
bony landmarks; (3) describe the range of organ 
movement in at least two different imaging 
planes; and (4) provide the possibility to compare 
findings on MR images with the results of the 
clinical examination and clinical classification 

systems. To date no single reference line or grad-
ing system meets all the above-mentioned 
criteria.

The most commonly used reference line is the 
pubococcygeal line (PC line) (Pannu et al. 2015; 
El Sayed et al. 2016; Yang et al. 1991b) (Figs. 2, 
3, 4, and 6). This line is obtained on a midsagittal 
plane and connects the inferior aspect of the 
pubic symphysis to the last mobile coccygeal 
joint (Bertschinger et al. 2002). It is recom-
mended by the ESUR as reference as it shows the 
lowest inter- and intraobserver variability (El 
Sayed et al. 2016). Three different variants of the 
PC line have been published in the literature. All 
PC lines are drawn on midsagittal images and 
start at the lower margin of the symphysis pubis. 
Apart from the above-described last coccygeal 
joint alternative second bony landmarks are 
either the first sacrococcygeal joint, or the point 
of insertion of the coccygeal portion of the leva-
tor ani (Vanbeckevoort et al. 1999; Healy et al. 
1997a; Hjartardottir et al. 1997; Singh et al. 2001; 
Gufler et al. 1999).

The PCL serves as base for grading of 
POP. After defining the PCL the distance from 
each reference point within the three compart-
ments is assessed perpendicularly to the PCL at 

a b

Fig. 5 Level II fascial defect. The normal H shape 
(arrow) of the vagina is seen in a. In contrast, in b dis-
placement of the vagina and the saddle bag sign (arrow) is 

found. This finding supports the finding of level II fascial 
defects. Other findings: thinning and widening of the leva-
tor ani muscle (short arrow) in b
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rest and at maximum strain (El Sayed et al. 2016). 
Not only grading alone but also reporting the 
range of movement of the organs at rest and dur-
ing straining are advised, as it provides more 
valuable information than grading alone (El 
Sayed et al. 2016).

The hiatus/muscle/organ (HMO) classifica-
tion system is widely used to assess pelvic floor 
relaxation, which often coexists with POP but 
presents a different pathologic entity (Comiter 
et al. 1999). The reference lines in the HMO sys-
tem are the H and M line (Fig. 6). The H line 
presents the length of the urogenital hiatus. It 
measures the distance between inferior symphy-
sis pubis and puborectalis insertion. The M line is 
the perpendicular distance between the levator 
muscle plate and the PCL. Based on these refer-
ence lines pelvic relaxation is present in a symp-
tomatic patient when the distance of the H line is 
>5 cm and the M line is >2 cm. A commonly 
used grading system is enlisted in Table 2 (El 
Sayed et al. 2016).

Numerous other reference lines of the pelvic 
floor have been published. The symphysiosacral 
line is obtained on midsagittal images between 

the superior border of the pubic bone and the 
 distal sacral bone; the midpubic line extends 
through the longitudinal axis of the pubic bone 
(Lienemann 1998; Singh et al. 2002; Delemarre 
et al. 1994b). It represents approximately the 
level of the vaginal introitus and correlates with 
the clinical reference systems used in the quanti-
fication staging system of pelvic organ prolapsed 
(qPOP), where the hymen serves as a clinical ref-
erence (El Sayed et al. 2016; Bump et al. 1996; 
Singh et al. 2002).

4.4  Definition of Pathological 
Findings and Grading

Presence and extent of pelvic organ prolapse 
are analyzed in the cine mode display in the 
midsagittal plane by using points of reference 
for rest and during defecation. Optional display 
in a second plane allows detection of atypical 
rectoceles or enteroceles and facilitates the 
diagnosis of muscular defects (Lienemann 
1998). Although the pelvic floor structures 
interact in a complex mode, abnormal descent 
and associated findings should be analyzed sep-
arately for each compartment. It is crucial to 
understand that complete emptying of the rec-
tum maximizes detection of enteroceles and 
pelvic organ prolapse (Kelvin et al. 2000; 
Lienemann et al. 2000b).

Within the anterior compartment the bladder 
base or the most caudal part (mostly the dorsal 
wall) of the bladder is used as a landmark. In the 
middle compartment the anterior cervical lip or 
posterior fornix or after hysteroscopy the vaginal 
vault and in the posterior compartment the ano-
rectal junction are used as references. Grading is 
then performed by measuring the perpendicular 

Table 2 MR grading of pelvic floor descent

Grade Length of M-Line (cm)

0 (normal) <2

1 (mild) 2–4

2 (moderate) 4–6

3 (large) >6

Fig. 6 H and M Lines to assess pelvic floor muscle insuf-
ficiency. PCL pubococcygeal line
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distance of these structures in relationship to the 
reference PC line (El Sayed et al. 2016; Kelvin 
et al. 2000) (Table 3).

By definition an organ descent is diagnosed if 
one or all of these reference structures descend 
below the PL line. Therefore a cystocele or a uterine 
descent is diagnosed if these structures descend 
below the PC line. The grading is based upon the 
largest perpendicular distance to the PCL measured 
in cm and taken during maximum straining. (Pannu 
et al. 2015; Woodfield et al. 2010; Yang et al. 1991; 
vKruyt et al. 1991; Lienemann et al. 2000a). Grading 
systems unfortunately only poorly correlate with the 
clinical findings and symptoms (Pannu et al. 2015; 
Pizzoferrato et al. 2014). The recommended and 
most frequently used MRI grading system is enlisted 
in Table 3 (El Sayed et al. 2016; Kelvin et al. 2000).

Defects in the cul-de-sac include peritoneoceles, 
enteroceles, and sigmoideoceles (Fig. 7). Clinically 
these are difficult to assess as a posterior bulge may 
present one of the latter above or the rectum. The 
normal depth of the rectouterine pouch is about 
5 cm (Kuhn and Hollyock 1982). A peritoneocele is 
defined as herniation of peritoneum through the 

 rectovaginal septum and its extension beyond the 
upper third of the vagina (El Sayed et al. 2016; Kim 
2011). In dynamic MRI a descent or widening of 
the pouch of Douglas below the PC line is consid-
ered to be pathological (El Sayed et al. 2016; 
Sprenger et al. 2000; Lienemann et al. 2000a, b). 
Small bowel loops and the sigmoid colon sliding 
down during straining constitute the diagnosis of an 
enterocele and sigmoidocele.

A rectocele presents mostly an anterior protru-
sion of the rectal wall. It is defined by the width of 
its outbulging beyond the expected anterior contour 
of the rectum (El Sayed et al. 2016). If its depth 
exceeds 2 cm the rectocele is considered pathologi-
cal (El Sayed et al. 2016). Alternatively the distance 
from the anterior rectal wall to a reference line 
extending upwards from the anal canal has been 
used (Reiner et al. 2011). Of note, a considerable 
overlap between findings in normal volunteers and 
patients has been reported (Shorvon et al. 1989).

5  Typical Findings

Traditionally the pelvic floor is divided into the 
three following compartments: (a) anterior with 
bladder and urethra, (b) middle with uterus and 
vagina, and (c) posterior containing the anorec-
tum. However, functionally these are cooperating 
as units during defecation. Severity of symptom 
does not correlate well with the clinical grading 
of POP (Rogers and Fashokun 2016).

Table 3 MR grading of organ prolapse (cystoceles, uter-
ine prolapse, enteroceles); modified from El Sayed et al. 
(2016)

0 (normal) <1 cm

1 (small) 1–3 cm

2 (moderate) 3–6 cm

3 (severe) >6 cm

a cb

Fig. 7 Spectrum of enteroceles. Enteroceles (arrow) containing fat (a), small bowel (b), and sigmoid colon, small 
bowel and its mesentery. R rectum. In (b) a rectocele is displayed, in (c) a rectal prolapse
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5.1  Anterior Compartment

The bladder as a fluid-filled structure is hyperin-
tense on T2-weighted images. Depending on the 
degree of filling the shape of the bladder can vary 
considerably, ranging from a more triangular to a 
round contour (Fig. 2b vs. Fig. 4a). At rest it is 
situated superior-posterior to the pubic symphy-
sis (Fig. 2a). On midsagittal images an area of 
fat-equivalent signal intensity is seen between the 
pubic bone and the bladder (retropubic space; 
space of Retzius) which extends to the umbilicus. 
Abundant fat in the Retzius space is a sign of 
defect of the urethral suspension ligaments and 
indicative of level III defects. In females the ure-
thra is normally not well delineated on the mid-
sagittal images, but its typical target-like 
appearance can be easily visualized on axial 
images. Surrounding structures like small bowel 
loops are only partly depicted in the midsagittal 
plane, but adhesions between the dome of the 
bladder and bowel loops occur quite often. They 
can be diagnosed as the bowel loops stay attached 
to the upper bladder wall and do not glide freely 
as supposed while the patient is straining.

The pelvic floor, urethra, and bladder are exposed 
to the increasing intra-abdominal pressure during 
Valsalva maneuver. Widening of the pelvic floor 
and descent of up to 2 cm is a physiological finding 
(Lienemann et al. 2000a). A cystocele is present if 
the bladder neck or any part of the posterior wall of 
the bladder moves >1 cm below the PC line (El 
Sayed et al. 2016) (Fig. 2c). Both the proximal ure-
thra and the bladder neck descend and rotate around 
the pubic bone, initially moving posterior-inferior.

A nonspecific finding in patients with involun-
tary loss of urine is funneling of the proximal ure-
thra (Fig. 3b). An additional kinking of the urethra 
at the urethrovesical junction can occur in large 
cystoceles. Furthermore, due to the limited space 
provided by the urogenital hiatus a large cystocele 
can block the prolapse of other pelvic structures 
and thus mask a rectocele or enterocele.

Recurrence of a cystocele after retropubic or 
vaginal surgeries for stress incontinence can be 
clearly detected by functional MRI. In these 
patients the proximal urethra and the bladder 
neck maintain their normal position superior to 
the symphysis, but the posterior wall of the blad-
der bulges into the anterior vaginal wall (Fig. 8). 

a b

Fig. 8 A 67-year-old female patient after sacrocolpopexy 
with recurrence of a cystocele. Midsagittal static (a) and 
functional (b) T2-weighted MR images at rest (a) and 
during straining (b). (a) Static MR images demonstrate 
the synthetic material fixing the vaginal apex (V) to the 
promontory (arrows). B bladder, R rectum. (b) Typical 

findings after sacrocolpopexy are the normal position of 
the bladder neck (asterisk) in contrast to the descent of the 
posterior wall of the bladder (arrow) below the PC line 
(white line). The vagina (V) is kept in place by the intact 
foreign material. R rectum, S small bowel
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Finally in previous procedures for urinary sling 
material or injections of bulk-enhancing agents 
such as collagen, all of which are normally 
hypointense on MR images, should be carefully 
analyzed (Alt et al. 2014; Carr et al. 1996).

5.2  Middle Compartment

In a normal anatomical setting the vagina, rectum, 
and posterior components of the levator ani mus-
cle are seen in the same level (Fig. 2a). Therefore, 
the position of the vagina and uterus depends on 
the amount of filling of the rectal ampulla. If a 
vaginal or uterine descent is present, only after the 
rectum has been emptied both structures move 
ventrocaudally beyond the PC line (Fig. 2b, c). 
This is why the PC line itself might underestimate 
an organ descent in the middle compartment 
(Kelvin et al. 2000). The landmark to assess uter-
ine prolapse is either the posterior fornix of the 
vagina or the cervix. In repeated, long-standing 
prolapse the vagina is often shortened and the 
vaginal wall may be thickened or even everted. In 
addition the pouch of Douglas is widened, thus 
facilitating the development of a peritoneocele or 
enterocele (Fig. 7). Elongated sacrouterine liga-
ments may be identified on coronal images. 
Defects of the endofascial fascia can only be 
assessed by indirect signs. However typical imag-
ing findings as the drooping moustache sign or the 
saddleback sign even assist in allocating the level 
of defect (Bitti et al. 2014).

The pouch of Douglas normally represents the 
deepest peritoneal reflection within the intra- 
abdominal cavity and predisposes for an internal 
hernia that have been reported in 18–37% (Rogers 
and Fashokun 2016). These may contain fat 
(peritoneocele), small bowel loops (enterocele), 
or sigmoid colon (sigmoidocele). The criterion to 
diagnose an enterocele is the descent of small 
bowel loops below the PC line (Kelvin et al. 
2000; Lienemann et al. 2000b). The hernia fol-
lows the course of the posterior vagina along the 
rectovaginal septum and causes posterior vaginal 
wall bulging. Widening of the rectovaginal space 
or deepening of the pouch of Douglas below the 
PC line without bowel loops is defined as a peri-
toneocele. Occasionally the herniation can be lat-

eral or anterior, in which case coronal images 
allow a correct assessment. Again a large entero-
cele can mask either a cystocele or a rectocele 
(Lienemann et al. 2000b). After sacrocolpopexy 
or uteropexy dynamic MRI is able to depict the 
foreign material and to demonstrate its intact 
function or course (Alt et al. 2014) (Fig. 8).

5.3  Posterior Compartment

The rectum behaves like a flexible and expansible 
tube. It can fold on itself with a lateral or an ante-
rior displacement and kinking. Most often a bulg-
ing of the anterior rectal wall, a rectocele, is 
noted (Pannu et al. 2000). In MR defecography a 
rectocele with a depth of 4 cm is considered as a 
pathological finding (El Sayed et al. 2016; 
Yoshioka et al. 1991). MR grading of rectoceles 
is enlisted in Table 4 (El Sayed et al. 2016). 
Nevertheless it should be emphasized that there 
is a considerable overlap between healthy volun-
teers and women with pelvic prolapse (Shorvon 
et al. 1989). The direction of a rectocele is either 
anterior (to the distal segment of the posterior 
vaginal wall) (Fig. 2b), lateral (Fig. 9), or dorsal 
(Fig. 3a). It is pivotal to include in the report if 
the rectocele empties completely during defeca-
tion or if gel remains trapped within the recto-
cele. Lateral rectoceles may be missed in the 
midsagittal images but clearly become apparent 
in the coronal images (Fig. 9).

Intussusceptions present mucosal or mural 
rectal wall invaginations which can be located 
anteriorly or posteriorly or can affect the whole 
circumference (Kim 2011). They usually begin at 
6–8 cm above the anal canal (Kim 2011). In 
imaging they present as a circumscribed thicken-
ing of rectal mucosa and wall (Fig. 3a). Small 
intususceptions during defecation present a com-
mon normal finding seen in nearly 80% of healthy 

Table 4 MR grading of rectoceles; modified from El 
Sayed et al. (2016)

Grade Width

0 (normal) No

1 (small) Outpouching

2 (moderate) 2–4 cm

3 (large) >4 cm

MRI of the Pelvic Floor



422

volunteers (El Sayed et al. 2016; Woodfield et al. 
2009). The differentiation between an intussus-
ception and an internal rectal prolapse is not 
clearly determined and the two terms are often 
overlapping. A more prominent internal rectal 
prolapse is often seen as a V-shaped or double 
rectal wall on the midsagittal image (Fig. 10). 
Extrarectal intussusception either mucosal or full 
thickness through the anal canal is defined as rec-
tal prolapse (Mortele 2007). Organ descent of the 
anterior or middle compartment may lead to 
compression of the anterior rectal wall. This find-
ing can promote an internal rectal prolapse and 
might account for a stool entrapment and stool 
outlet obstruction (Fig. 2c).

The cross point formed by a line along the 
posterior border of the rectum and the central 
anal canal is the anorectal junction (Flusberg 
et al. 2011). It serves as a landmark to define rec-
tal descent. Inferior displacement of the anorectal 
junction in relation to the PC line is classified 
grade 1 in 3–5 cm, and grade 2 in displacement of 
>5 cm below this line (El Sayed et al. 2016; Goh 
et al. 2000; Halligan et al. 1996).

5.4  Levator Ani Muscle

On the midsagittal images the posterior aspect of 
the levator ani muscle is demonstrated. A bal-
looning of the levator muscle on axial images is 
typically found in patients with weakness of the 
pelvic floor muscles (Fig. 2d). In contrast, in nor-
mal volunteers the genital hiatus and puborectalis 
sling maintain the typical V-like shape under load 
(Sprenger et al. 2000). On axial images an 
 asymmetric appearance of the puborectal part of 
the levator ani muscle can be seen after 
episiotomy.

During defecation an adequate relaxation of 
the puborectal sling with a resulting vertical ori-
entation of the posterior levator ani and widening 
of the anorectal angle is visualized. If the levator 
ani muscle is still contracting during straining and 
even during defecation, this paradoxical finding is 
called dyssynergetic defecation, which can cause 
incomplete evacuation and stool outlet obstruc-
tion symptoms (Bolog and Weishaupt 2005). 

Fig. 9 A 74-year-old female with a history of aggravated 
and incomplete defecation. Coronal T2-weighted MR 
image during maximal straining. Large lateral rectocele 
(arrows) to the left side, detectable only in the coronal 
images, missed in the midsagittal and axial images. A anal 
canal

Fig. 10 A 66-year-old female with fecal incontinence. 
Midsagittal T2-weighted MR images obtained during def-
ecation. The arrows mark an internal rectal prolapse with 
folding of the rectal mucosa and rectal wall in the direc-
tion of the opened anal canal (asterisk). Moderate descen-
sus of the bladder (B) and vagina (V)
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Synonymous terms include anismus, dyskinetic 
puborectalis muscle, spastic pelvic floor syn-
drome, and pelvic floor synergia (Reiner et al. 
2011). Delayed onset of defecation and atypical 
decrease of the anorectal angle (normal angle 
90°–110° at rest) during straining are considered 
as typical imaging signs indicative of dyssyner-
getic evacuation. Other findings include impres-
sion of the puborectalis muscle or the anal 
sphincter in the posterior anorectal wall due to 
paradoxical sphincter contraction and lack of low-
ering of the pelvic floor during straining and def-
ecation (Reiner et al. 2011). Reiner et al. reported 
findings of MR defecography in 48 patients suf-
fering from chronic obstipation. Although 
impaired evacuation was seen in all of the 18 
patients with dyssynergetic defecation, it ren-
dered only low sensitivities and PPV. Half of 
these patients exhibited an abnormal anorectal 
angle and the majority (16/18 patients) demon-
strated paradoxical sphincter contraction (Reiner 
et al. 2011). Associated findings were pelvic floor 
relaxation and pelvic organ prolapses. In the con-
trol group with obstipation a paradoxical sphinc-
ter contraction and abnormal anorectal angle were 
only rarely seen (Reiner et al. 2011). Prolonged 
evacuation time of 30 s or longer is typical for this 
condition and has been reported to yield PPV of 
90% (Halligan et al. 2001).

6  MRI of the Pelvic Floor 
in Asymptomatic Females

Considerable overlap in normal and asymptom-
atic patients is an evident problem in assessing 
pelvic floor disorders. Findings often correlate 
poorly between clinical exam and imaging stud-
ies, as well as clinical symptoms of pelvic floor 
dysfunction (Pannu et al. 2015; Rogers and 
Fashokun 2016; Pizzoferrato et al. 2014). 
Particularly stage I prolapses of the anterior and 
posterior vaginal wall are so common in asymp-
tomatic females that they may be considered 
within the range of normal findings (Mann 2014). 
There is still a debate on the definition of a clini-
cally relevant prolapse (Mann 2014). Based on 

expert panel consensus relevant pelvic organ pro-
lapse as ICS-quantified POP (qPOP) stage II or 
greater is considered abnormal (Kenton and 
Mueller 2006). However, larger series showed 
that approximately half of normal patients even 
met these criteria. Swift et al. reported almost 
50% out of 497 women undergoing routine gyne-
cologic assessment to have POP of at least stage 
II. This was confirmed in a larger multicenter 
study of clinically asymptomatic females, where 
qPOP stages in the following distribution were 
reported: stage 0 in 24%, stage I in 38%, stage III 
in 35%, and stage III in 2% (Swift 2000; Swift 
et al. 2005). Although most studies include 
asymptomatic volunteers as a control group only 
few data are published exclusively defining the 
normal range of findings in asymptomatic indi-
viduals (Goh et al. 2000). Goh et al. examined 25 
men and 25 women on a 1.0-T system in supine 
position with the volunteers at rest and during 
straining. All volunteers had to pass a detailed 
questionnaire. They measured the descent of the 
bladder base, cervix, and anorectal junction in 
relation to the PC line and calculated the pelvic 
floor hiatus area and perimeter as well as the ano-
rectal angle and the levator plate angle (Goh et al. 
2000). Lienemann et al. studied 20 nulliparous 
females with normal clinical examination and 
urodynamics (Lienemann et al. 2000a). MRI was 
performed in the supine position with opacifica-
tion of vagina and rectum with ultrasound gel. 
Among the large number (29) of pelvic parame-
ters analyzed, the physiologic position of the 
bladder base, posterior vaginal fornix, and ano-
rectal junction in relation to the PC line and the 
normal width of the hiatus were defined. In their 
study the normal pelvic organs did not descent 
below the PCL. It is accepted that a rectocele of 
2 cm and the descent of bladder base of 1 cm are 
within the normal range of findings during strain-
ing. The normal width of the levator hiatus was 
4.7 cm at rest and 5.3 cm under pressure. Schreyer 
et al. also assessed ten asymptomatic nulliparous 
females (median 31 years) to define the normal 
range of organ movement at pelvic floor maneu-
vers (Schreyer et al. 2012). Using the pubococ-
cygeal line as reference during straining the 
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anorectal junction moved about 2.5 cm, the blad-
der base moved 1.5 cm, and the uterovaginal 
junction showed a relative movement of 3.5 cm 
(Schreyer et al. 2012). The anorectal angle wid-
ened from approximately 93° to 110° with a rela-
tive change of 15° (Lienemann et al. 2000a).

7  Value of MRI 
Versus Conventional 
Techniques

In the last decade MRI has become an important 
examination technique to assess complex pelvic 
floor disorders. Its evident advantage is compre-
hensive diagnostic information not only in 
respect of pelvic organ prolapse, but also of mus-
cular floor weakness and associated muscular or 
fascial defects. It also provides functional infor-
mation of the pelvic floor in patients suffering 
from chronic constipation (Pannu et al. 2015; El 
Sayed et al. 2016; Reiner et al. 2011). Findings 
assist in treatment stratification in multidisci-
plinary patient management and may impact on 
treatment including both urogynecologic and 
colorectal surgery techniques (El Sayed et al. 
2016; Elshazly et al. 2010).

Imaging complements the physical exam that 
allows diagnosis of POP only by indirect signs 
and imaging may also reveal findings that are 
clinical occult but may be relevant for treatment 
planning (El Sayed et al. 2016; Comiter et al. 
1999). Particularly differentiation of high recto-
celes from enteroceles, and differentiation of 
the contents of enteroceles, is clinically impor-
tant, as it will influence the type of surgery. 
However, due to the broad overlap of physiolog-
ical and abnormal findings in patients with pel-
vic floor dysfunction imaging studies have to be 
 interpreted in the context with the patient’s 
 history, the clinical gynecological assessment, 
and other diagnostic studies, e.g., anorectal 
manometry, endosonography, or cystomanome-
try (Pannu et al. 2015; Law and Fielding 2008; 
Faccioli et al. 2010).

Colpocystoproctography combining voiding 
cystography, vaginal opacification, and defecog-
raphy is regarded as the gold standard to assess 

pelvic organ prolapse. According to the ACR 
appropriateness criteria both colpocystoproctog-
raphy and MR defecography with rectal filling 
are rated with highest appropriateness to assess 
suspected pelvic organ prolapse (Pannu et al. 
2015; Yang et al. 1991c; Faccioli et al. 2010). 
This X-ray technique is widely available, allows 
fluoroscopic information but is limited by con-
siderable radiation exposure (Pannu et al. 2015; 
Goei and Kemerink 1990). In terms of patient 
comfort a survey in 60 patients undergoing both 
colpocystoproctography and MRI demonstrated 
that 90.7% of these women prefer MRI to fluo-
roscopy, thus yielding a high rate of acceptance 
(Sprenger et al. 2000).

Several studies compared MRI of the pelvic 
floor with conventional X-ray techniques. The 
majority of these studies concluded that func-
tional MRI is at least equal to conventional fluo-
roscopic methods and can be superior in some 
aspects. An early study compared defecography 
and MRI of the pelvic floor in qualitative grading 
and measurements of anterior rectoceles in 14 
patients. They stated that the potential of MRI 
regarding anterior rectoceles seems absent 
(Delemarre et al. 1994b). Limitations of this 
early study were the prone position of the patient 
and lack of rectal opacification. Lienemann et al. 
who had already used the recently recommended 
MRI technique favored dynamic MRI 
(Lienemann et al. 1997). In 5 asymptomatic vol-
unteers and 44 female patients MRI was either 
identical (21 cases) or superior (18 cases) to 
dynamic fluoroscopy. In this study MRI of the 
pelvic floor was particularly helpful in the depic-
tion of pathologies within the middle compart-
ment and in revealing changes in the dominant 
type of prolapse (Healy et al. 1997c). They found 
a significant correlation of standard measure-
ments of the anorectal configuration using MRI 
and evacuation proctography in women with con-
stipation. In addition, functional MRI was able to 
show significant changes of muscular parameters 
in women with otherwise normal proctograms. In 
comparison to bead-chain cystourethrography/
colpocystorectography MRI correctly diagnosed 
the degree of bladder descent with a coefficient 
of determination of 0.81 and 0.85 in 32 women 
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with urinary incontinence or organ prolapse 
(Gufler et al. 1999b). Cystourethrography alone 
missed all rectoceles, which were correctly 
depicted by colpocystorectography and MRI, 
whereas enteroceles could only be diagnosed by 
MRI. Comparing colpocystorectography in the 
upright and supine position with functional MRI 
no significant difference between MRI and col-
pocystorectography in either positions was found 
(Gufler et al. 1999b). Kelvin et al. compared cys-
tocolpoproctography with opacification of all rel-
evant organs to functional MRI in the supine 
position with opacification of the bladder, vagina, 
and rectum and added also a post-toilet phase 
(Kelvin et al. 2000). They conclude that MR 
imaging and cystocolpoproctography showed 
similar detection rates for prolapse of pelvic 
organs but emphasized the strength of MRI as 
revealing all pelvic organs and pelvic floor mus-
culature. In the ACR recommendations, if avail-
able upright MRI is favored over supine position 
(Pannu et al. 2015). Some studies using a mid-
field system of 0.5 T with an open magnet con-
figuration are published (Kim 2011; Lone et al. 
2016; Lienemann et al. 1997; Sprenger et al. 
2000). The latter offers the advantage of evaluat-
ing the patient in an upright position, but were 
limited by a reduced imaging quality due to the 
surface coil design and limited spatial and tempo-
ral resolution. Bertschinger et al. showed that 
MRI in sitting position was not superior to supine 
MRI in depiction of clinically relevant bladder 
prolapse or rectoceles (Bertschinger et al. 2002). 
Similarly Fielding et al. reported a higher degree 
of pelvic floor laxity for sitting position that was 
not superior to supine MRI (Fielding et al. 1998). 
A recent study compared MRI in supine versus 
sitting position using a 0.25 T open configuration 
and 1.5 T MRI unit in 31 (27 females) patients 
(van Iersel et al. 2017). At rest and defecation no 
significant difference of the anorectal junction 
and no significant difference in percentages of 
cystoceles were found. However, a statistical dif-
ference was documented in comparing the grade 
of descent. These authors conclude that MRI may 
overestimate the descent due to the more cranial 
position of the pelvic organs in supine position at 
rest (van Iersel et al. 2017).

The data on MRI to assess intususceptions are 
conflicting. Compared with conventional tech-
niques MRI tends to underestimate intussuscep-
tion which may be due to nonphysiological supine 
position, but global information of the pelvic floor 
can be rendered (Pannu et al. 2015; van Iersel 
et al. 2017). A recent study assessing 41 patients 
reported superiority of conventional defecogra-
phy for diagnosing rectoceles and enteroceles, but 
found MRI more effective for identifying intus-
susceptions (van Iersel et al. 2017). Advantages of 
MRI in assessing rectal intussusception include 
differentiation of mucosal from full-thickness 
involvement, functional information of pelvic 
floor movement, and depiction of coexisting 
pathologies (Mortele 2007). Similarly in sus-
pected dyssynergetic pelvic floor syndrome the 
value of MRI is rendering comprehensive infor-
mation. It visualizes the typical features of abnor-
mal defecation and also aids in elucidating other 
causes of pelvic outlet obstruction (Reiner et al. 
2011; Mortele 2007; Bolog and Weishaupt 2005).
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1  Introduction

Infertility is defined as 1 year of unprotected 
intercourse that does not result in pregnancy 
(Hornstein and Schust 1996). Infertility is esti-
mated to affect up to 10% of women of repro-
ductive age (Heinonen et al. 1982). Although 
uterine pathology accounts for <10% of cases, 
uterine imaging is important not only for estab-
lishing a specific diagnosis, but also for direct-
ing corrective therapy (Collins and Woodward 
1995; Lev- Toaff 1996). Knowledge of struc-
tural abnormalities may indicate potential 
pregnancy complications including spontane-
ous abortion, intrauterine growth retardation, 
preterm delivery, malpresentation, and retained 
products of conception.

An imaging study to evaluate female infertil-
ity and uterine anomalies should necessarily 
exhibit many characteristics, such as a noninva-
sive nature, low cost, and high accuracy, among 
other qualities. Imaging modalities currently 
used to evaluate infertile women include hystero-
salpingography, ultrasound, and magnetic reso-
nance imaging. In this chapter the use of these 
modalities to assess the various causes of infertil-
ity in females is reviewed and specific attention 
will be drawn to anatomic and physiologic uter-
ine abnormalities.
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2  Imaging Techniques

2.1  Hysterosalpingography

Hysterosalpingography (HSG) uses fluoro-
scopic control to introduce radiographic con-
trast material into the uterine cavity and 
fallopian tubes. While today HSG is used pri-
marily to assess tubal patency, this technique 
also provides  indirect evidence for uterine 
pathology through depiction of abnormal uter-
ine cavity contours.

2.1.1  Cycle Considerations
HSG should not be performed if there is a possi-
bility of a normal intrauterine pregnancy. To 
avoid irradiating an early pregnancy, the “10-day 
rule” can be used. That means the procedure 
should not be performed if the interval of time 
from the start of the last menses is greater than 
10–12 days. If the patient has cycles that are lon-
ger than 28 days (menses start usually 14 days 
after ovulation), the 10-day rule can be stretched 
to 13–15 days. If the patient has irregular cycles 
or absent menses, a pregnancy test before per-
forming HSG is recommended.

2.1.2  Technical Considerations
The patient is placed supine with her knees 
flexed and heels apart. Stirrups on the table to 
support the feet can be used. The cervix is 
exposed with a speculum. Visualization of the 
cervix may be helped by elevating the patient’s 
pelvis, particularly in thin women. The cervix 
and vagina are copiously swabbed with a 
cleansing solution such as Betadine and the 
HSG cannula is placed. A variety of cannulas 
can be used for HSG (Margolin 1988; Sholkoff 
1987; Thurmond et al. 1990). Once correct 
placement of the cannula is confirmed, the 
speculum should be removed. Leaving the 
speculum in is uncomfortable for the patient 
and a metal speculum obscures findings. Using 
fluoroscopic guidance, contrast agent at room 
temperature is slowly injected, usually 5–10 mL 
over 1 min, and radiographs are obtained. 
Injection of contrast agent is halted when  

adequate free spill into the peritoneal cavity is 
documented, when myometrial or venous 
intravasation occurs, or when the patient com-
plains of increased cramping, which usually 
occurs when the tubes are blocked.

2.1.3  Side Effects and Complications
Mild discomfort or pain is commonly experi-
enced by women undergoing HSG (Soules and 
Spadoni 1982). Routine analgesia is not neces-
sary, although oral Ibuprofen is a reasonable pre-
procedure medication. Reassurance and rapid 
and skillful completion of the examination are 
the best approach. Mild vaginal bleeding is com-
mon after HSG. Severe bleeding requiring curet-
tage is unusual and is presumably related to 
underlying pathology such as endometrial pol-
yps. Other side effects such as vasovagal reac-
tions and hyperventilation may occur and their 
prevalence may be reduced if the examiner is 
experienced and calming.

Pelvic infection is a serious complication of 
HSG, causing tubal damage. In a private prac-
tice setting, the overall incidence of post-HSG 
pelvic infection was 1.4%, occurring predomi-
nantly in women with dilated tubes (Pittaway 
et al. 1983). For this reason, if dilated tubes are 
noted during the HSG procedure, particularly if 
there is a dilated tube with free spill, prophylac-
tic administration of antibiotics (e.g., doxycy-
cline—200 mg orally) should be performed 
before the patient leaves the department and a 
prescription for 5 days should be given to the 
patient.

An allergic or idiosyncratic reaction related to 
the contrast medium can occur after HSG, 
although the incidence is unknown and is pre-
sumably quite low.

Radiation exposure is a side effect not shared 
by sonohysterosalpingography (SSG). It is a con-
cern, because the women being examined are of 
reproductive age. The incidence of irradiating an 
early pregnancy is quite low when HSG is rou-
tinely performed in the follicular phase of the 
cycle. Although cases are few, there is nothing to 
suggest that inadvertent performance of HSG in 
early pregnancy is harmful to the fetus (Justesen 
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et al. 1986). Radiation exposure to the ovaries is 
minimal and can be further reduced by using 
good fluoroscopic technique and obtaining only 
the number of radiographs necessary to make an 
accurate diagnosis.

2.1.4  Anatomy and Physiology 
of Fallopian Tubes

The fallopian tubes connect the peritoneal cavity 
to the “extraperitoneal space.” Their function and 
anatomy are complex, and include conduction of 
sperm from the uterine end toward the ampulla, 
conduction of ova in the other direction from the 
fimbriated end to the ampulla, and support as 
well as conduction of the early embryo from the 

ampulla into the uterus for implantation. The nor-
mal fallopian tube ranges in length from 7 to 
16 cm, with an average length of 12 cm (Fig. 1a). 
The tube is divided into four regions: (a) the 
intramural or interstitial portion, which occurs in 
the wall of the uterine fundus and is 1–2 cm long; 
(b) the isthmic portion, which is about 2–3 cm 
long; (c) the ampullary portion, which is 5–8 cm 
long; and (d) the infundibulum, which is the 
trumpet-shaped distal end of the tube terminating 
in the fimbria. Patency of the fallopian tubes is 
established when contrast medium flows through 
them and freely around the ovary and loops of 
bowel at the time of salpingography, using either 
fluoroscopic or sonographic guidance (Fig. 1b).

Fig. 1a Scheme of 
normal fallopian tubes: 
the normal fallopian tube 
ranges in length from 7 to 
16 cm (average 12 cm). 
The tube is divided into 
four regions: (a) 
intramural or interstitial 
portion (1–2 cm), (b) 
isthmic portion, 
(2–3 cm), (c) ampullary 
portion (5–8 cm), and (d) 
infundibulum terminating 
into the fimbria

Fig. 1b Normal hysterosalpingogram: the uterus (u) has a normal contour and shape. The fallopian tubes fill bilaterally 
with evidence of free spill into the pelvic peritoneum (arrows)
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2.1.5  Pathological Findings
Diverticuli in the isthmic segment of the tube 
are caused by salpingitis isthmica nodosa 
(SIN) (Fig. 2). These would be difficult to 
appreciate by sonography. SIN was described 
more than 100 years ago as irregular benign 
extensions of the tubal epithelium into the 
myosalpinx, associated with reactive myohy-
pertrophy and sometimes inflammation. There 
is an association between SIN and pelvic 
inflammatory disease; however, it is not clear 
whether SIN is caused by pelvic inflamma-
tion, or is congenital and predisposes to 
inflammation.

Obstruction of the tubes can occur anywhere 
along their length (Fig. 3a–c). Obstruction of the 
midisthmic portion may be missed by sonography, 

because of the small caliber of the tube and the 
absence of dilation when there is obstruction at 
this level.

Polyps are small, smooth filling defects, which 
can be single or multiple, and do not distort the 
overall size and shape of the uterine cavity 
(Fig. 4a, b). Leiomyomas are usually single, 
larger lobulated masses, which only partially 
project into the cavity, and often enlarge and dis-
tort the cavity.

Synechiae are scars that result from uterine 
trauma such as complications of pregnancy, 
curettage, uterine surgery, or uterine infection. 
Synechiae are generally linear and irregular 
(Fig. 5a) and extend from one wall to the oppo-
site wall allowing contrast agent to flow around 
them only in one dimension. For this reason, 
they are more easily defined than the above-
mentioned masses, which in general allow con-
trast agent to flow around them in two 
dimensions. Synechiae may also manifest as 
absence of filling of the entire uterus or part of 
it, and can be confused with müllerian defect 
(Fig. 5b).

Asherman syndrome is defined by the com-
bination of infertility, hypomenorrhea or 
amenorrhea, and a history of uterine curettage. 
It is estimated to occur in 68% of infertile 
women who have undergone two or more 
curettages (Bacelar et al. 1995). The patho-
physiology consists of intrauterine adhesions 
(synechiae) that develop after traumatic 
 endometrial injury, such as postpartum or 
postabortion uterine curettage (Fig. 6a, b). 
Less commonly, it results from endometritis 
(Kurman and Mazur 1987). It is hypothesized 
that infertility occurs because uterine adhe-
sions and scarring interfere with sperm migra-
tion and embryo implantation.

Fig. 2 Salpingitis isthmica nodosa: multiple tiny diver-
ticuli in the right isthmic portion (arrows) caused by 
mucosal proliferation and muscular hypertrophy with 
mucosal invasion into the muscularis; partial tubectomy 
on the left side (arrowhead)
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ba

c

Fig. 3 Bilateral fallopian tube obstruction (three differ-
ent patients): there is dilated, obstructed tube on the left 
(hydrosalpinx) and obstruction of the right intramural 
portion (a), nondilated obstruction on both sides at the 

isthmic/ampullary portion (b), and huge bilateral dilata-
tion without spill into the peritoneum—bilateral hydro-
salpinx (c)
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ba

Fig. 5 Synechiae: on hysterosalpingogram irregular bor-
ders (arrows) and narrowing of the cervical canal (arrow-
head) are depicted (a). In a different patient HSG shows 
synechiae causing partial obstruction of the endometrial 

cavity and occlusion of the right fallopian tube (b). Note: 
HSG may not rule out müllerian duct anomaly with cer-
tainty in this particular case

ba

Fig. 4 Endometrial polyps: stalked filling defect within 
the endometrial cavity probably arising from the cervical 
canal (arrow). Note normal filling of the fallopian tubes 
and free spill into the peritoneum (a). In a different patient 

the hysterosalpingogram shows a filling defect in the 
intramural portion of the left tube (arrows) causing nar-
rowing but no obstruction; normal filling of the fallopian 
tubes (b)
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2.1.6  Limitations of HSG
HSG should not be performed when there is active 
vaginal bleeding. This is to prevent the flushing of 
clots into the peritoneal cavity. HSG should also 
not be performed if there is active pelvic infec-
tion, because it could exacerbate the infection. 
The procedure should not be performed within 6 
weeks of pregnancy, uterine surgery, tubal sur-
gery, or uterine curettage because the defects in 
the endometrial or tubal lining predispose to 
venous intravasation of contrast material.

The major limitations of the procedure are the 
ability to characterize only patent canals and the 
inability to evaluate the external uterine contour 
adequately. HSG also entails exposure to ioniz-
ing radiation in these typically young women.

2.2  Sonohysterography and 
Sonohysterosalpingography

Sonography is frequently used to evaluate uterine 
pathology because of its excellent diagnostic 
accuracy, minimal patient discomfort, low cost, 
and widespread availability. With the addition of 
transvaginal sonography, color Doppler imaging, 
and sonohysterography, ultrasound has become a 

sensitive technique for detecting endometrial and 
myometrial pathology.

Sonosalpingography (SSG) utilizes transvagi-
nal sonography (TVS) during instillation of either 
saline or contrast medium into the uterine lumen 
to evaluate tubal patency and morphology. Tubal 
patency can be assessed by repeated injections of 
3–5 mL of sterile saline in 75% of the patients. 
Injection of contrast media allows accurate assess-
ment of tubal patency in up to 92% (Lindheim 
et al. 2006). Preliminary work suggests that three- 
dimensional and harmonic imaging greatly 
enhances sonographic depiction of the tube.

Before contrast or saline is introduced, it is recom-
mended that the physician identifies the approximate 
location of the tube by identifying the ovary and endo-
metrium that invaginates into the uterine cornua.

If there is a pain during injection, this may be a 
sign of tubal obstruction, either intrinsic or extrin-
sic from adhesions. Spasm may be present and 
may cause transitory lack of filling of the proxi-
mal portion of the tube (Lindheim et al. 2006).

Hydrosalpinges appear as fusiform cystic struc-
tures on TVS. If a hydrosalpinx is seen, patients may 
be given 200 mg doxycycline initially, and then 
100 mg po twice a day for 5 days for prophylaxis of 
pelvic inflammatory disease (Lindheim et al. 2006).

a b

Fig. 6 (a, b) Asherman syndrome. HSG of two different patients shows intrauterine adhesions which occurred after 
postabortion uterine curettage

Evaluation of Infertility



436

2.2.1  Cycle Considerations
In premenstrual patients SSG ideally should be 
scheduled between days 4 and 7 of the menstrual 
cycle (Lindheim et al. 2006) (Fig. 7a). However, 
for congenital anomaly evaluation, the timing of 
the sonography examination is not critical (Fig. 7b). 
For SSG, cycle considerations of conventional hys-
terosalpingography should be considered.

In patients with irregular bleeding the exam-
ination can be performed without the benefit of 
optimal scheduling. In such cases, any poten-
tially confusing residual blood within the 
endometrial cavity can be assessed during SSG 
using a combination of gentle catheter manipu-
lation and saline flush during real-time sono-
graphic visualization (Lindheim et al. 2006).

2.2.2  Technical Considerations
Imaging should not only focus on conventional 
sagittal and transverse imaging of the pelvis but 

also include orthogonal images along the long axis 
of the uterus to characterize the external uterine 
contour. Transabdominal ultrasound is usually best 
performed with a 2–6 MHz transducer. Transvaginal 
ultrasound should be performed with an 8–5 MHz 
transducer. Transvaginal sonography has the 
advantage of improved spatial resolution, although 
at the expense of a decreased field of view.

SSG utilizes transvaginal sonography during 
instillation of either saline or contrast medium 
into the uterine lumen. It is best performed after 
sonohysterography, since sonohysterography is 
vital in delineating the endometrial surfaces for 
the presence of synechiae or intraluminal lesions 
such as polyps (Fig. 7c) or submucosal fibroids.

The examiner is encouraged to apply gentle 
pressure with the probe while sonographically 
assessing the mobility of the uterus, ovary, and tube.

Saline can be used initially for assessment of 
tubal patency. However, if there is any doubt 

ba

c

Fig. 7 Normal TVUS: clear demarcation of the relatively 
thick and hyperechoic endometrium (arrowheads) during 
the secretory phase (a), minimal fluid retention during the 

proliferation phase of the cycle (b), small polyp detected 
during sonohysterography (c)
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about tubal spill, contrast should be used. It is 
necessary to have a ballooned catheter to block 
egress of fluid from the uterine lumen during 
injection. After sonohysterography has been per-
formed, the saline should be removed prior to 
instillation of positive contrast.

Some investigators advocate the use of color 
Doppler sonography with saline instillation in 
order to best depict tubal patency (Nicolini et al. 
1987; Pellerito et al. 1992; Kupesic and Kurjak 
2000). This technique can also be used with 
contrast.

Microbubble contrast agents provide an echo-
genic contrast to document tubal patency and 
spillage. The safety of this contrast agent has 
been established in multiple studies, but its cost 
makes selected use necessary.

If there is pain during injection, this may be 
sign of tubal obstruction, either intrinsic or 
extrinsic from adhesions. Spasm may be present 
and may cause transitory lack of filling of the 
proximal portion of the tube.

2.2.2.1 Normal and Abnormal Anatomy
With the use of saline or contrast, the normal 
tubal lumen is easily identified as thin serpentine 
adnexal structures.

Hydrosalpinges appear as fusiform cystic 
structures on TVS. The contrast may dilute or 
bubbles may come out of suspension, making 
complete delineation difficult to recognize.

2.2.3  Accuracy
Sonography has a reported accuracy of approxi-
mately 90–92% (Nicolini et al. 1987; Pellerito 
et al. 1992). Sonosalpingography, with infusion 
of saline into the endometrial canal, provides 
improved delineation of the endometrium and 
internal uterine morphology. Three-dimensional 
ultrasound with surface- and transparent-mode 
reconstructions of the uterus has reported advan-
tages over conventional two-dimensional scan-
ning. In experienced hands, a sensitivity of 93% 
and a specificity of 100% have been achieved 
(Pellerito et al. 1992).

2.2.4  Side Effects and Complications
The side effects and complications of Sono-HSG 
are for the most part the same as for conventional 
HSG.

2.2.5  Limitations of Sono-HSG
Sono-HSG shares limitations similar to those of 
conventional transvaginal ultrasound and can 
only help evaluate patent endometrial canals 
(Goldberg et al. 1997).

The major drawback of this modality is its 
operator dependency. Additional limitations 
include factors that contribute to an unfavorable 
ultrasound image, such as a large-body habitus 
and/or the presence of large fibroids (Fig. 8).

2.3  Magnetic Resonance Imaging

2.3.1  Indications
Magnetic resonance (MR) imaging is suitable for 
assessing female infertility, as infertility typically 
results from benign processes in women of repro-
ductive age. The causes of female infertility 
include ovulatory disorders (i.e., pituitary ade-
noma and polycystic ovarian syndrome), disor-
ders of the fallopian tubes (i.e., hydrosalpinx, and 
pelvic inflammatory disease), uterine disorders 
(i.e., müllerian duct anomaly, adenomyosis, and 
leiomyoma), and pelvic endometriosis. The 
applications of MR imaging include evaluation 
of the functioning uterus and ovaries, visualiza-
tion of pituitary adenomas, differentiation of 
müllerian duct anomalies, and accurate noninva-
sive diagnosis of adenomyosis, leiomyoma, and 
endometriosis. In addition, MR imaging helps 
predict the outcome of conservative treatment for 
adenomyosis, leiomyoma, and endometriosis and 
may lead to selection of better treatment plans 
and management.

Fig. 8 TVUS: unfavorable ultrasound image caused by a 
large fibroid
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MR imaging provides clear delineation of inter-
nal and external uterine anatomy in multiple imag-
ing planes, although it is not able to assess tubal 
patency or subtle, peritubular adhesion. The excel-
lent tissue contrast of MR imaging allows specific 
diagnosis for many gynecological diseases.

As laparoscopic surgery is frequently the 
modality of choice to treat patients suffering 
from infertility, an accurate preoperative diagno-
sis is especially important for planning appropri-
ate surgical intervention.

2.3.2  Technical Considerations
Patients are best imaged with a phased-array MR 
surface coil. Current standard imaging protocols 
for infertility evaluation include axial, sagittal, 
and coronal fast spin echo sequence images of 
the uterus, which can be supplemented by oblique 
views to obtain true coronal and axial images of 
the uterus. Large field-of-view images to look for 
associated renal anomalies should be obtained. 
Further imaging of the pelvis with a transverse 
T1-weighted sequence should be performed. 
Gd-enhanced MR imaging is important for diag-
nosis of complex adnexal masses and distin-
guishing them from malignant processes.

Some authors recommend that an antiperistal-
tic (1 unit of glucagon or 20 mg of scopolamine 
butylbromide) should be administered intramus-
cularly or intravenously before examination.

2.3.3  Limitations
As drawbacks of MRI are its higher cost, limited 
availability, and longer scanning time than ultra-
sound, MR imaging is often used as a problem- 
solving modality when sonography findings are 
inconclusive (Nicolini et al. 1987; Javitt 1997).

2.3.4  Normal MR Anatomy 
in Reproductive-Age Women

Uterine zonal anatomy is best demonstrated on 
T2-weighted images (Fig. 9). The endometrium 
has high signal intensity. The junctional zone, 
which corresponds to the innermost myometrium, 
appears as a band of low signal intensity. The 
peripheral myometrium has intermediate signal 
intensity that is higher than that of the striated 
muscle. The width of the endometrium and the 

junctional zone varies through the menstrual 
cycle; they are widest and most clearly visible in 
the late secretory phase. The uterine corpus is 
larger than the cervix throughout the reproductive- 
age period. In general the corpus measures 6–8 cm 
in length by 5–6 cm in transverse and anteropos-
terior dimensions (Fleischer and Kepple 1997).

The cervix also shows zonal architecture on 
T2-weighted images. The central area of high 
signal intensity represents epithelium and mucus, 
the middle area of low signal intensity represents 
fibrous stroma, and the outer area of medium sig-
nal intensity represents peripheral myometrium. 
The vaginal wall has low signal intensity on 
T2-weighted images. The texture of the ovaries is 
clearly imaged in women of reproductive age 
with hypointense stroma and hyperintense folli-
cles on T2-weighted images.

Normal fallopian tubes are not routinely imaged 
because of their small diameter and tortuous course.

Fig. 9 Normal anatomy in reproductive-age women: sag-
ittal T2W MR image clearly demonstrates uterine zonal 
anatomy with high signal intensity of the endometrium 
(E), low signal of junction zone (J), and intermediate sig-
nal of the myometrium (M). B (urinary bladder)

G. Heinz-Peer



439

2.3.5  Normal MR Anatomy 
of the Postmenopausal Women

After menopause, the uterine corpus becomes 
smaller and approximately equal in size to the 
cervix. The zonal anatomy is indistinct when 
women are not receiving exogenous hormones 
(Fig. 10). Although the cervix does not atrophy 
significantly, the peripheral myometrium is usu-
ally unclear. Ovaries may be undetected at MR 
imaging since they seldom have follicles.

When a woman of reproductive age has a 
small uterus with indistinct zonal anatomy or 
undetectable ovaries, as seen in postmenopausal 
women, the possibility of a disorder related to 
insufficient hormone secretion should be consid-
ered (Imaoka et al. 2003).

3  Ovulatory Dysfunction

Disorders affecting ovulation account for 
30–40% of cases of female infertility (Hornstein 
and Schust 1996). Measures of ovarian function 
include measurement of basal body tempera-
ture, endometrial biopsy, measurement of 
serum progesterone level, endocrine tests, and 
monitoring of follicle growth with US. Thus the 
role of MR imaging is limited to assessment of 
whether a pituitary adenoma is present (Imaoka 
et al. 2003).

4  Pituitary Adenoma

Prolactin-producing adenoma (prolactinoma) is 
the most common functional pituitary adenoma. 
Its prevalence peaks in women between 20 and 
30 years of age. Hyperprolactinemia can be a 
cause of infertility and is associated with dimin-
ished gonadotropin secretion, secondary amenor-
rhea, and galactorrhea. The patient should first be 
examined for drug-induced hyperprolactinemia 
before any infertility workup is initiated. For 
example, antidepressants, cimetidine, dopamine 
antagonists, reserpine, sulpiride, verapamil, 
methyldopa, and estrogen therapy are known to 
interface with prolactin secretion.

When a patient is suspected to have hyperpro-
lactinemia not associated with drugs, MR imag-
ing is the imaging technique of choice. It can 
depict a pituitary microadenoma (≤1 cm) 
(Fig. 11). Most microadenomas have lower sig-
nal intensity than the normal pituitary gland on 
T1-weighted images. A convex outline of the 
pituitary gland or deviation of the pituitary stalk 
can also be detected. Dynamic study with intra-
venous bolus injection of contrast medium is the 
preferred technique for assessing microadeno-
mas, as it allows excellent delineation between 

Fig. 10 Normal anatomy in postmenopausal women: 
sagittal T2W MR images show a smaller uterine corpus 
with poor delineation of uterine zonal anatomy

Fig. 11 Pituitary microadenoma: unenhanced T1W MR 
image shows a right-sided microadenoma leading to 
hyperprolactinemia
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the tumor and the normal pituitary gland. In the 
dynamic study, the normal pituitary gland and 
stalk show strong enhancement in the early phase 
of dynamic imaging, whereas microadenomas 
show relatively weak enhancement (Miki et al. 
1990; Bartynski and Lin 1997).

Macroadenomas (>1 cm) (Fig. 12a–c) occupy 
the pituitary fossa and may cause visual abnor-
malities when they put pressure on the optic chi-
asm. Macroadenomas also tend to invade the 

cavernous sinus and erode the bony floor. The 
extent of the tumor can be determined by means 
of contrast-enhanced MR imaging.

5  Polycystic Ovarian Syndrome

The diagnosis of polycystic ovarian syndrome is 
based on hormone imbalance and laboratory 
findings. Patients with this syndrome often  

ba

c

Fig. 12 Pituitary macroadenoma: unenhanced (a) and contrast-enhanced (b) T1W MR images and (c) T2W MR images 
show a large right-sided pituitary prolactinoma (arrow) leading to hyperprolactinemia with consecutive infertility
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demonstrate an abnormal ratio of luteinizing 
hormone to follicle-stimulating hormone. The 
clinical manifestations include hirsutism, anovu-
lation, and infertility. At gross pathologic analy-
sis, the morphologic findings in the ovaries 
consist of multiple small follicular cysts sur-
rounded by thickened and luteinized theca. The 
current recommendations include US as imaging 
test. Follicle counting is the central diagnostic 
information, according to recent data with >25 
follicles being diagnostic, whereas ovarian size 
and stromal assessment are less important (Lujan 
et al. 2013). Monitoring of follicle growth is usu-
ally performed with US, and the usefulness of 
MR imaging is not proved. On T2-weighted 
images, polycystic ovarian syndrome appears as 
multiple tiny hyperintense peripheral cysts with 
hypointense central stroma (Mitchell et al. 1986; 
Kimura et al. 1996) (Fig. 13a). However, MR 

imaging findings are nonspecific and serve only 
as supportive evidence of polycystic ovarian 
syndrome. Multiple tiny, hyperintense peripheral 
cysts (Fig. 13b) have been seen in patients with 
anovulation, medication-stimulated ovulation, 
or vaginal agenesis (Kimura et al. 1996).

6  Disorders of the Fallopian 
Tubes

Disorders of the fallopian tubes are a common 
cause of female infertility, accounting for 
30–40% of cases (Hornstein and Schust 1996). 
Tubal disorders include damage to or obstruction 
of the fallopian tube and peritubal adhesions. 
Hysterosalpingography is the mainstay of evalu-
ation of tubal patency, whereas laparoscopy is 
preferred for assessment of the peritubal envi-
ronment. MR imaging aids in noninvasive 
assessment of tubal dilatation and peritubal dis-
ease. Fallopian tubes may be assessed by con-
ventional techniques including multiplanar 
T2-weighted images or by 3D T2WI or alterna-
tively by MR hysterosalpingography (Sadowski  
et al. 2008). Dilated fallopian tubes manifest as 
fluid-filled ducts, which appear as retort-, sau-
sage-, C-, or S-shaped cystic masses at MR 
imaging (Fig. 14a, b). Thin, longitudinally ori-
ented folds along the interior of the tube repre-
sent incompletely effaced mucosal or submucosal 
plicae (Outwater et al. 1998). Pelvic inflamma-
tory disease is one of the most common causes 
of tubal or peritubal damage. The diagnosis is 
usually based on clinical or transvaginal US 
findings. MR imaging can also be helpful in 
assessment of pelvic inflammatory disease 
(Fig. 15a, b). Tubo-ovarian abscesses, dilated 
fluid-filled tubes, and free pelvic fluid can be 
depicted (Tukeva et al. 1999).

Endometriosis also causes peritubal adhe-
sions. MR imaging is the most sensitive imaging 
technique for evaluation of endometriosis. 
Moreover, dilated fallopian tubes with high 
 signal intensity on T1-weighted images, which 
correspond to hematosalpinx, reportedly corre-
late with one of the effects of endometriosis 
(Outwater et al. 1998).

a

b

Fig. 13 (a, b) Polycystic ovarian syndrome: on T2W- 
coronal MR image both ovaries are studded with multiple 
small cystic lesions. US image with multiple small cystic 
ovarian lesions in a patient without PCO
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7  Uterine Disorders

7.1  Müllerian Duct Anomalies

If other causes of infertility are excluded, uterine 
anomalies may be suggested as a cause of infer-
tility. On the other hand, unknown numbers of 

uterine anomalies may escape detection since 
reproductive ability is often unaffected or not 
noticeably affected (Rock 1997).

Müllerian duct anomalies (MDAs) exhibit a 
prevalence of approximately 3%. Infertility 
issues are encountered in 25% of such women. 
Presenting symptoms vary depending on the 

ba

Fig. 14 Bilateral hydrosalpinx: sausage-, C-, or S-shaped cystic masses in the small pelvis as shown by these axial  
(a) and coronal (b) T2W MR images are clearly indicative for dilated fallopian tubes

ba

Fig. 15 Tubo-ovarian abscess: unenhanced (a) and contrast-enhanced (b) T1W MR images show a left-sided adnexal 
mass (M) with rim-like enhancement (arrows) which proved to be an abscess
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specific anomaly. Amenorrhea is seen with 
imperforate hymen, vaginal atresia, uterine 
anomalies, Mayer-Rokitansky-Küster-Hauser 
syndrome, and Wünderlich syndrome. In the 
first two conditions, primary amenorrhea pres-
ents as cryptomenorrhea, in which menstrual 
blood cannot be extruded and patients com-
monly complain of periodic abdominal pain. 
MR imaging clearly demonstrates the point of 
obstruction, as well as the presence or absence 
of hematoceles, which includes hematometra, 
hematosalpinx, or blood in the rudimentary 
uterus (Javitt 1997; Togashi et al. 1987). In 
addition, MR imaging allows evaluation of uri-
nary tract abnormalities which are commonly 
associated, since embryologically, the mülle-
rian and mesonephric ducts are closely related.

Müllerian duct anomalies may be depicted by 
HSG; however, the complex situation of the vari-
ous classes of anomalies seems to be better 
defined by sonography or MR imaging.

Classification of MDAs according to the sys-
tem adapted by the American Fertility Society 
can be readily achieved based on MR findings 
(Carrington et al. 1990). In one comparative 

study, MR imaging attained 100% accuracy for 
diagnosis of uterine anomalies, as compared 
with 92% for ultrasound and <20% for HSG 
(Nicolini et al. 1987). In the evaluation of uter-
ine cavity deformation, highly accurate diagno-
sis of submucosal leiomyomas is easily 
established on MR imaging, readily differenti-
ating the lesions from adenomyosis and endo-
metrial polyps.

The most basic classification of müllerian 
duct defects consists of agenesis and hypopla-
sia, defects of vertical fusion, and defects of 
lateral fusion. In 1979, Buttram and Gibbons 
(Buttram and Gibbons 1979) proposed a clas-
sification of müllerian duct anomalies that 
was based on the degree of failure or nor-
mal development, and they separated these 
anomalies into classes that demonstrate simi-
lar clinical manifestations, treatment, 
and prognosis for fetal salvage. Modified 
in 1988 by the American Society of 
Reproductive Medicine, the classification 
remains the most widely accepted schematiza-
tion and addresses uterovaginal anomalies 
(Fig. 16, Scheme anomalies).

Fig. 16 Schematization of uterovaginal anomalies by the American Society of Reproductive Medicine

Class I Class II Unicornuate
Class III Didelphys

Class IV Bicornuate

a) vaginal b) cervical a) communicating

c) no cavity d) no horn

d) complete d) partial

VI. Arcuate

d) tubalc) fundal

a) complete b) partial

V. Septate

b) non-communicating

Evaluation of Infertility



444

7.1.1  Class I: Hypoplasia or Agenesis
Failure of normal development of the müllerian 
ducts causes uterine agenesis or hypoplasia. 
Patients present with primary amenorrhea in ado-
lescence. Agenesis or hypoplasia of any part of 
the genital tract (vagina, cervix, uterus, tubes) 
may occur either in isolation or more common in 
combination. This relatively uncommon class of 
anomalies accounts for approximately 5% of 
müllerian duct anomalies. Vaginal agenesis is the 
most common subtype, and is often accompanied 
by uterine agenesis.

It is necessary to document whether a func-
tioning uterine corpus and cervix are present.

Mayer-Rokitansky-Küster-Hauser syndrome 
is a malformation of this category. The typical 
form of this syndrome is characterized by con-
genital absence of the uterus and upper vagina. 
The ovaries and fallopian tubes are usually nor-
mal. The atypical form of the syndrome includes 
associated abnormalities of the ovaries and fallo-
pian tubes and renal anomalies (Strübbe et al. 
1993) (Fig. 17).

Women with acquired uterine hypoplasia due 
to drugs, pelvic irradiation, or ovarian failure 
may have a disproportionately small uterine cor-
pus. In these patients the ratio of the uterine body 
to the cervix is reduced to less than the normal 
2:1, similar to a premenarchal uterus.

7.1.2  Class II: Unicornuate
This MDA consists of one normally developed 
müllerian duct, with the contralateral duct either 
hypoplastic (subtypes 2a–c) or absent (subtype 2d). 
Types 2a–c comprise approximately 90% of cases 
(Heinonen et al. 1982; Rock 1997) (Fig. 18a–c).

Agenesis of a unilateral müllerian duct causes 
a single banana-shaped uterus with a single fal-
lopian tube. If the rudimentary horn is either non-
communicating or lacks a cavity, it will not be 
detected by hysterosalpingography. Sonographic 
findings which are often subtle and easily over-
looked include a small uterine cavity, an asym-
metric ellipsoid fundal shape, and lateral 
deviation of the uterus. If the rudimentary horn is 
present without a cavity, it may be mistaken for a 
fibroid or the broad ligament.

MRI findings are similar to those seen with 
ultrasound, but cavity detection in the rudimen-
tary horn can be facilitated by using heavily T2W 
imaging sequences. Normal zonal anatomy is 
observed in a small uterus.

If the rudimentary horn is noncommunicating 
endometrial tissue expelled retrogradely through 
the fallopian tube during menstruation results in 
an increased frequency of endometriosis (Brody 
et al. 1998).

Spontaneous abortion and premature labor 
may occur in pregnancies with unicornuate 
uterus, and the poorest fetal survival among all 
uterine anomalies has been reported (Rock 1997). 
A potentially lethal complication is uterine rup-
ture which can occur if a pregnancy implants in a 
rudimentary horn.

7.1.3  Class III: Didelphys
Complete failure of fusion of the two müllerian 
ducts results in two complete uteri, each with its 
own cervix (Fig. 19a–c). A longitudinal sagittal 
vaginal septum is usually, but not always, 
observed. Among all uterine anomalies, uterus 
didelphys is associated with the highest success-
ful pregnancy rate, except for arcuate uterus 
(Rock 1997). Uterus didelphys is the least com-
mon of uterine duplication anomalies. HSG will 
clearly delineate the two separate uterine cavities 
if each cervix can be cannulated. In a small per-
centage of cases the vaginal septum may prevent 

Fig. 17 Class I: uterine agenesis. Sagittal midline sono-
gram shows normal vagina, small (curved arrows) cervix 
(straight arrow), and absent uterus
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cannulation of one cervical canal, leading to the 
appearance of a unicornuate uterus.

Sonographic images reveal two widely spaced 
uterine fundi with myometrium and a deep cleft 
separating the two endometrial cavities. Two sep-
arate cervices may not be visible, since endocer-
vical echoes are less prominent than endometrial 
echoes, but transvaginal imaging can demon-
strate these findings better. Sonography is also 
useful for demonstrating hematocolpos, hemato-
metra, and endometriosis in cases missed by 
HSG owing to an obstructing vaginal septum. 
Uterus didelphys with an obstructed hemivagina 
is termed Wünderlich syndrome (Fig. 19a–c) and 
is usually associated with ipsilateral renal agene-

sis. Several series have noted a tendency for the 
right hemi-uterus to obstruct, in association with 
right renal agenesis (Imaoka et al. 2003).

MRI is best performed with multiplanar scans. 
To improve visualization of the fundal contour, 
coronal images should be obtained in a plane par-
allel to the tubal ostia and internal os. MR find-
ings are similar to those of sonography, with a 
deep separating cleft (>3 cm) between the two 
uterine fundi. The widely spaced uterine horns 
have an obtuse intercornual angle (>110°), 
although occasional overlap with a bicornuate 
anomaly exists. Separate cervices and a vaginal 
septum (if present) can be demonstrated by cau-
dal axial T2-weighted sections.

ba

c

Fig. 18 Class II: left unicornuate uterus: HSG shows 
uterine cavity deviated toward left side with patent left 
fallopian tube (a). Axial T2W MRI in this patient shows 

no rudimentary horn on the right side (b). In another 
patient HSG shows right unicornuate uterus with hydro-
salpinx (c)
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Fig. 19 Class III: Wünderlich syndrome: on ultrasound 
(a) an obstructed hemivagina is seen in an 11-year-old girl 
presenting with unilateral renal agenesis (not docu-
mented). Axial T2W MR images at different levels (b) as 
well as coronal and sagittal images (c) show two separate 

uteri (arrows) and two cervices, all of which have normal 
zonal anatomy indicating an uterus didelphys. In addition, 
a hematocele (H) due to obstruction of the right hemiva-
gina is depicted. B (urinary bladder)

b

a

c
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a

c

e

d

b

Fig. 20 Class IV: HSG shows widely splayed uterine horns with an intercornual angle >100° and with uterine fundi 
joined at the lower uterine segment indicating a bicornis unicollis subtype (a). HSG (b) and hysterosonography (c) in a 
different patient show uterine fundi joined at the level of the cervix suggesting a bicornis bicollis subtype

7.1.4  Class IV: Bicornuate
Partial fusion of two müllerian ducts results in a 
bicornuate uterus with one cervix. The uterine 
horns are widely divergent, the uteri fundi joined 
either at the uterine corpus (bicornis unicollis sub-
type) (Fig. 20a) or lower uterine segment (bicornis 

bicollis subtype) (Fig. 20b, c). In most cases there is 
a single cervix; however there may be two cervical 
openings, creating an appearance similar to septate 
uterus. Of all classes of MDAs, it is the bicornuate 
uterus that has the strongest association with cervi-
cal incompetence (Patton 1994). It is crucial to  
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Fig. 21 Class V: complete septate uterus: on HSG one cer-
vical opening was missed; only one uterine cavity was 
spilled with contrast media; a unicornuate uterus was sup-
posed (a). Sonography (b) and coronal T2W MRI (c) clearly 
demonstrate the uterine cavity divided by a thick septum 
extending to the level of the cervix. The angle formed by the 
medial borders of the two uterine hemi- cavities is <75°

a

b

c

differentiate between a bicornuate and septate 
uterus because surgical correction of a bicornuate 
uterus is not generally warranted, since it is the cer-
vical incompetence and not the cavity malformation 
that is the cause of the high spontaneous abortion 
rate with this anomaly. In addition, an abdominal 
metroplasty must be performed if surgical repair of 
a bicornuate uterus is undertaken, as opposed to 
hysteroscopic septoplasty which is performed for a 
septate uterus (Fielding 1996).

HSG of a bicornuate uterus will demonstrate 
separate uterine cavities with an intercornual 
angle that usually exceeds 105°. With this imag-
ing modality, however, the outer uterine contour 
cannot be evaluated, and overlap with the appear-
ance of a septate uterus can occur.

Sonographic diagnosis of a bicornuate uterus 
is made by both analysis of the outer fundal con-
tour and visualization of a separate endometrial 
stripe in each horn. However, sonographic differ-
entiation of a bicornuate uterus from a septate 
uterus may be difficult.

MRI diagnostic criteria are similar to those 
described for sonography. Imaging should be 
performed during the secretory phase to maxi-
mize contrast between the T2 signal of endome-
trium, the junctional zone, and the myometrium. 
On transaxial images, the intercornual distance 
exceeds 4 cm, and the tissue dividing the endo-
metrial cavities is isointense with normal myo-
metrium. On coronal images of the fundus, 
obtained in the plane of the tubal ostia, the sero-
sal concavity exceeds 1 cm (Nicolini et al. 
1987).

7.1.5  Class V: Septate
Septate uterus results from failure of resorption 
of a septum after complete fusion of the mülle-
rian ducts. In the majority of cases the midline 
septum is partial and extends for a variable dis-
tance from the fundus into the corpus or lower 
uterus segment (subseptate uterus). Less com-
monly the septum extends to the level of the cer-
vix, forming a complete septate uterus. With a 
complete septate uterus, there may be two cervi-
cal openings, but this is owing to division of one 
canal, and not two separate cervices as occurs 
with a uterus didelphys (Fig. 21a–c).
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Most patients evaluated for repeated abortions 
and found to have a uterine anomaly will have a 
septate uterus (Rock 1997). Avascular fibrous 
septa can be safely resected hysteroscopically 
whereas vascularized myometrial tissue within 
the septum requires metroplasty as a surgical pro-
cedure for treatment of this anomaly and may 
enhance fetal survival, with one report indicating 
that 95% of patients became pregnant, 73% car-
ried to term, and 77% delivered a live-born baby 
(Rock and Jones 1977).

HSG of a septate uterus demonstrates two nar-
rowly diverging cavities, yielding a V-shape  
configuration with relatively straight medial bor-
ders. The angle formed by the medial borders of 
the two uterine hemi-cavities is usually <75°. 
Diagnosis of a septate uterus is often not possible 
by HSG because the outer uterine contour cannot 
be imaged, and angle measurement may be 
difficult.

Sonography and MRI are each superior to 
HSG. The external uterine contour is normally 
convex, flat, or minimally indented by less than 
1 cm (Nicolini et al. 1987), in contrast to that of a 
bicornuate uterus. Coronal MRI allows the char-
acteristic fundal changes of a septate uterus to be 
identified.

In addition to fundal contour, a second sono-
graphic feature of a septate uterus is splitting of 
the endometrial echo by a hypoechoic band, most 
easily seen in the fundus.

7.1.6  Class VI: Arcuate
Formerly this MDA was classified as the mildest 
form of either a bicornuate or septate uterus. In 
1988 the American Fertility Society issued a  
separate classification of arcuate uterus. Arcuate 
uterus should be considered a normal variant and 
it has no effect on fertility.

HSG of the arcuate uterus reveals a broad 
smooth indentation into the fundal cavity which 
causes a saddle-shaped appearance (Fig. 22). The 
indentation is approximately one-fifth the height 
of the uterus.

Both MRI and sonography reveal a smooth 
outer contour, associated with a subtle broad- 
based shallow indentation impressing the endo-
metrial stripe.

7.1.7  Class VII: Diethylstilbestrol 
Related

These anomalies comprise sequelae of in utero 
DES exposure. DES was used to prevent miscar-
riage in the 1940s–1970s (Fielding 1996). Most 
likely as a result of DES disrupting vaginal plate 
development and stromal differentiation, structural 
anomalies occurred in the fetal vagina, cervix, 
uterus, and tubes. Because of the variability and 
overlap of features of associated cervical and vagi-
nal malformations, these changes generally are not 
incorporated into the basic schematics and are 
reported as a subset of the primary uterine defect.

Structural anomalies encountered at physical 
examination are vaginal adenosis and the pres-
ence of an anterior cervical ridge or hood. Uterine 
cavity anomalies associated with DES exposure 
include hypoplasia, focal constrictions, bulbous 
dilatation of the lower uterine segment, and a 
T-shaped uterine configuration. These uterine 
anomalies are associated with an increased inci-
dence of spontaneous abortion, preterm labor, 
and ectopic pregnancy (Patton 1994).

HSG is an excellent imaging modality for diag-
nosing DES-related uterine anomalies. Typical 
cavity contour changes seen include scalloping 
and constriction bands, while uterine shape abnor-

Fig. 22 Class VI: minor indentation of the fundal uterine 
cavity indicating an arcuate uterus. Note major dextropo-
sition of the uterine cavity with occlusion of the right fal-
lopian tube at the level of the intramural portion
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malities are hypoplasia, T-configuration, and a 
bulbous lower uterine segment (Fig. 23).

To date, there has been a paucity of reported 
ultrasound or MRI studies to detect DES-
related uterine changes. Most likely, this 
reflects relatively subtle findings on these 
examinations.

7.2  Adenomyosis

Adenomyosis is not a common cause of infer-
tility. The frequency of symptomatic adeno-
myosis peaks between the ages of 35 and 50 
years, and it is most often found in parous 
women (Braly 1999). However nulligravid 
women are sometimes affected and experience 
infertility. The exact reasons for infertility in 
patients with adenomyosis remain unclear, 
although an enlarged uterus may be associated 
with reduced uterine or endometrial receptiv-
ity (Fig. 24a, b).

7.3  Leiomyoma

Uterine leiomyoma, especially submucous leio-
myoma, may be associated with pregnancy loss 
rather than infertility. Although leiomyoma is an 
infrequent cause of infertility, there may be some 
interference with sperm transport or implantation 
as a result of distortion, an increased surface area 

Fig. 24 Adenomyosis: multiple high signal foci predominantly in the posterior aspect of the uterus on these axial (a) 
and sagittal (b) T2W MR images indicating a more focal adenomyosis. Poor delineation of the junctional zone

a b

Fig. 23 Class VII. Hypoplastic T-shaped deformity of 
the uterus with filling of dilated glands in the cervix in a 
proven DES uterus
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within the uterine cavity, or impingement by the 
leiomyoma on the endocervical canal or intersti-
tial portion of the fallopian tubes (Thompson and 
Rock 1997) (Fig. 25a, b).

Both transvaginal ultrasound and MRI are 
reliable methods for identification of leiomyo-
mas. Sonohysterography can clearly demonstrate 
the relationship between the endometrium and 
submucosal leiomyomas and thus serves as an 
important adjunct to transvaginal US (Becker 
et al. 2002).

7.4  Endometriosis

Endometriosis is found in 25–50% of infertile 
women, and 30–50% of women with endometri-
osis are infertile (Schenken 1999).

Laparoscopy is the mainstay for diagno-
sis, staging, and treatment of the disease. 
Transvaginal US is the preferred imaging 
 technique to identify ovarian endometrioma. 
However, US has limited usefulness in identify-
ing peritoneal implants. MR imaging has also 
proved to be a useful modality for establish-
ing an accurate diagnosis of endometriosis 
(Fig. 26a–c).

In conclusion, the various causes of infertility in 
women need to be carefully evaluated by use of the 
appropriate imaging techniques. The conventional 
HSG is still a widely available, rather safe, and 
rapid as well as easily performable technique to 
assess tubal patency. HSG is minimally invasive 
and also entails exposure to low ionizing radiation. 
Sonohysterography and sonohysterosalpingogra-
phy allow evaluation of both tubal patency and 
uterine pathology. MR imaging is a useful modal-
ity as an adjunct for routine infertility workups. It is 
valuable for detection of pituitary adenoma when 
patients are suspected of having a disorder of the 
hypothalamic-pituitary- ovarian axis. The role of 
MR imaging in assessing the pelvic cavity in 
patients with infertility includes evaluation of the 
functioning uterus and ovaries, differentiation of 

müllerian duct anomalies, and accurate noninva-
sive diagnosis of adenomyosis, leiomyoma, and 

a

b

Fig. 25 Leiomyoma: enlarged uterus with large fibroids 
(F) in the anterior and posterior aspect of the uterus being of 
typical low signal intensity on this axial (a) and sagittal (b) 
T2W MR images. B (urinary bladder), E (endometrium)
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endometriosis. MR imaging also helps to predict 
the outcome of conservative treatment of adeno-
myosis, leiomyoma, and endometriosis.
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Abstract

Arrest of labor with the necessity of perform-
ing secondary cesarean section is a major 
cause of maternal morbidity and mortality. The 
fetus is likewise affected by prolonged labor. 
Pelvimetry is performed to identify those 
women in whom an attempt at vaginal delivery 
is likely to fail due to a narrow pelvis or pelvic 
anomaly. Hence, the clinical significance of 
pelvimetry depends on how the following 
questions are answered:
• Is primary cesarean section associated with 

a lower morbidity and mortality of mother 
and child than secondary cesarean section 
after arrested labor has been diagnosed?

• Can arrested labor be treated effectively?
• Is there a reproducible method of pelvime-

try with few side effects?
• Is there evidence from randomized and 

controlled studies that pelvimetry improves 
maternal and/or fetal outcome?
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1  Clinical Background

Arrest of labor with the necessity of performing 
secondary cesarean section is a major cause of 
maternal morbidity and mortality. The fetus is 
likewise affected by prolonged labor. Pelvimetry 
is performed to identify those women in whom 
an attempt at vaginal delivery is likely to fail 
due to a narrow pelvis or pelvic anomaly. Hence, 
the clinical significance of pelvimetry depends 
on how the following questions are answered:
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• Is primary cesarean section associated 
with a lower morbidity and mortality of 
mother and child than secondary cesarean 
section after arrested labor has been 
diagnosed?

• Can arrested labor be treated effectively?
• Is there a reproducible method of pelvimetry 

with few side effects?
• Is there evidence from randomized and con-

trolled studies that pelvimetry improves 
maternal and/or fetal outcome?

1.1  Primary Versus Secondary 
Cesarean Section

The aim of pelvimetry is to identify maternal pel-
vic deviations that preclude vaginal delivery or 
would considerably prolong labor. If the results of 
pelvimetry suggest that vaginal delivery would be 
very difficult, primary cesarean section should be 
suggested. Both the mother and infant can thus be 
spared secondary cesarean section after protracted 
labor. The clinical significance of pelvimetry cru-
cially depends on whether primary cesarean sec-
tion can reduce maternal and fetal morbidity as 
compared with secondary cesarean section.

Cesarean section is performed as a primary 
(scheduled) or secondary (nonscheduled, after 
failure of labor to progress) procedure. The total 
number of cesarean sections, i.e., the sum of pri-
mary and secondary interventions, is 15–30% in 
Western industrialized countries. The mortality 
risk associated with vaginal delivery and  cesarean 
section was determined in a study in Bavaria by 
Welsch (Müttersterblichkeit 2004).

Cesarean section mortality attributable to the 
intervention is defined as the number of deaths 
occurring per 1000 cesarean sections during or 
within 42 days of the intervention and that are due 
to surgical or anesthesia-related complications in 
women who were healthy before the operation 
and had no pregnancy-related risks. In the survey 
by Welsch, the maternal mortality risk of vaginal 
delivery versus cesarean section was 1:2.3 for the 
period from 1995 to 2000. However, the mortality 
rates no longer differ if only planned cesarean 
sections are compared with vaginal deliveries and 
may even be lower (D’Souza et al. 2013).

These figures underline that secondary cesar-
ean sections after protracted labor or arrest of 
labor account for the excessive mortality of 
women during delivery.

Prolonged labor or arrest may have further 
adverse effects on mother and child:
• Perinatal morbidity and mortality: The dura-

tion of labor, in particular of the second stage, 
correlates with a decrease in fetal pH and pO2 
and an increase in pCO2. Although fetal death 
during delivery has become rare, asphyxia 
contributes to perinatal morbidity. Detachment 
of the placenta due to uterine hyperactivity 
occurs in 1% of all pregnancies. Protracted 
labor often ends in vaginal operative delivery 
with the risk of fetal injury.

• Maternal morbidity: Protracted labor involves 
numerous complications for the mother. Rupture 
due to overextension of a uterus not operated on 
before is nearly always due to excessively pro-
longed labor. The higher need for vaginal opera-
tive delivery in women with protracted labor is 
associated with a higher rate of maternal injuries, 
pain, hematomas, urinary retention, and anemia 
as compared with spontaneous delivery (Angioli 
et al. 2000). Women with prolonged labor and 
secondary cesarean section have an increased 
risk of infection or puerperal fever. Atonic post-
partum hemorrhage is a characteristic of long 
labor and again increases the risk of protracted 
recovery and infectious complications.

• Birth experience: No adequate systematic data 
are available on the emotional stress associ-
ated with prolonged and traumatic labor with 
secondary cesarean section. However, many 
women have problems coping with such an 
experience and do not become pregnant again.
In summary, prolonged labor and secondary 

cesarean section bear a considerable risk of 
maternal morbidity and mortality and also 
increase fetal morbidity. Modern obstetrical 
management therefore aims to ensure uncompli-
cated and speedy spontaneous delivery or, in 
women where this goal seems unattainable (or is 
not the mother’s preferred option), to plan elec-
tive primary cesarean section beforehand. Hence, 
techniques that can predict the probability of an 
uncomplicated vaginal delivery before the onset 
of labor are of the utmost clinical significance.

L. Schäffer et al.
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1.2  Can Arrested Labor Be Treated 
Effectively?

Normal delivery is based on the complex interac-
tion of maternal factors, fetal properties, and 
adequate labor. If this interaction of “passages, 
passenger, and powers” is disturbed, labor is pro-
tracted or even arrested. The failure of labor to 
progress is therefore not a diagnosis but a symp-
tom that is amenable to treatment (e.g., when 
caused by inadequate uterine contractions) or not 
(e.g., absolute cephalopelvic disproportion). 
Isolated evaluation of either of the three factors, 
passages, passenger, and powers, is of limited 
value as, for instance, cephalopelvic dispropor-
tion can be diagnosed only if one looks at both 
the maternal pelvis and the fetus (“this pelvis is 
too small for this fetus”).

1.3  Abnormal Length of Labor: 
Diagnosis and Causes

1.3.1  Diagnosis
The onset of delivery is most commonly defined 
as the occurrence of regular and painful uterine 
contractions that result in progressive dilatation 
and effacement of the cervix.

The course of delivery is determined by the 
following variables:
• Size and shape of the maternal pelvis
• Flexibility of the maternal soft tissues in the 

pelvis and adaptation of the ligaments and 
bony pelvis to the fetus

• Remodeling of the cervix
• Regular birth mechanism of the fetus

• Fetal head molding
• Efficient uterine contractions

The results reported by Friedman in the 1950s 
as the basis for diagnosing delayed labor have 
lately been updated (Zhang et al. 2010; Friedman 
1955, 1956). Arrest of labor during the first stage 
(the stage of cervical dilatation) now is the 
absence of any progression of labor over a period 
of 4 h despite adequate contractions or 6 h with 
inadequate contractions diagnosed at cervical 
dilatation >6 cm and ruptured membranes 
 corresponding to active phase of labor Spong 
et al. 2012).

The second stage (complete dilatation of the 
cervix until the onset of expulsive contractions) 
should not exceed 2 h of pushing in multiparous 
and 3 h of pushing in primiparous women. 
However, longer periods may be appropriate as 
long as progress is being documented and addi-
tional factors such as peridural anesthesia or mal-
position are present.

1.3.2  Inadequate Progression 
of Labor due to Maternal 
Factors (“the Passage”)

1.3.2.1 Cephalopelvic Disproportion
Failure of adequate progression of labor due to 
cephalopelvic disproportion with imminent fetal 
asphyxia is the most common reason to perform 
secondary cesarean section. Arrest is typically 
caused by a combination of a large infant, an 
abnormal birth mechanism, and a narrow mater-
nal pelvis. Detectable abnormal narrowing with 
an absolute disproportion occurs in 0.5–1% of 
all deliveries today (Fig. 1). The incidence of 

a b c

Fig. 1 (a–c) Pelvic shapes from left to right: (a) normal 
pelvic shape and width (cranial view), (b) generally nar-

row pelvis (all pelvic parameters are shortened), (c) platy-
pelloid pelvis with a markedly shorter obstetric conjugate
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borderline pelvic findings in which the size of 
the child and the birth mechanism together 
decide whether spontaneous delivery will be 
possible is much higher (Table 1).

Other maternal factors that may prolong or 
arrest labor include cervical leiomyomas or scar-
ring of the cervix after prior surgery (conization, 
cerclage). Rare causes that prevent fetal descent 
are pelvic tumors such as large ovarian cysts or a 
pelvic kidney.

1.3.3  Inadequate Progression 
of Labor due to Fetal Factors 
(“the Passenger”)

An abnormal birth mechanism (malposition or 
malpresentation of the fetal head) prevents ade-
quate progression of labor just as often as mater-
nal factors. Other fetal causes are macrosomia or 
fetal anomalies associated with macrohydro-
cephalus or an abnormally large circumference 
of the fetal abdomen or rump (pronounced asci-
tes, sacrococcygeal teratoma).

1.3.4  Inadequate Progression 
of Labor due to Inefficient 
Contraction (“the Powers”)

Weak uterine contractions as a cause of inade-
quate progression of labor are most amenable to 
treatment. Inefficiency may become manifest as 
hypoactive, hyperactive, or uncoordinated con-
tractions and hypertonic motility. Both hypoac-
tivity and hyperactivity may occur secondary to 
mechanical obstruction.

1.4  Interventional Management 
of Inadequate Progression 
of Labor

Of the three components involved in normal deliv-
ery (“passages, passenger, and powers”), only 
labor (“powers”) is easily amenable to treatment.

Assistance in women with hypoactive and 
uncoordinated contractions is recommended if 
progression is delayed and cephalopelvic dispro-
portion has been excluded as the cause. Oxytocin 
is the drug of first choice (Cardozo et al. 1982).

In summary, arrested labor is often a multifac-
torial process resulting from the complex 
 interaction of maternal pelvic size, size and pre-
sentation of the fetus, and labor activity. Effective 
therapeutic measures are only available for inad-
equate labor activity while no treatment is avail-
able for most other causes of arrested labor.

2  Clinical Methods 
of Pelvimetry

2.1  External Pelvimetry 
and Evaluation of Michaelis’s 
Rhomboid

The normal values for the external pelvic mea-
sures are 25–26 cm for the interspinous distance, 
28–29 cm for the intercrest distance, 31–32 cm 
for the intertrochanteric distance, and 20 cm for 
the external conjugate. The internal conjugate is 
calculated as the external conjugate minus 9 cm.

Michaelis’s rhomboid is the rectangular area 
over the sacral bone formed by the dimple below 
the spinal processes of L3 to L4 (upper depres-
sion), the two posterior spines of the ilia (lateral 
depressions), and the groove at the distal end of the 
vertebral column (lower depression). The rhom-
boid is usually a square, while its height increases 
considerably relative to its width in women with 
general narrowing of the pelvis. The lateral dim-
ples are elevated in women with an android pelvis.

External pelvimetry will identify only pro-
nounced deviations from the normal pelvic config-
uration that are rare in the European population.

Table 1 Features of different pelvic shapes in compari-
son with the gynecoid (normal) pelvis

Pelvic shape Pelvic inlet Pelvic outlet
Obstetric 
conjugate

Android Normal Shorter Normal

Anthropoid Shorter Normal Longer

Platypelloid Longer Normal Shorter

An android pelvis is associated with a higher incidence of 
deep transverse arrest, an anthropoid pelvis with a higher 
incidence of dorsoposterior position, and a platypelloid 
pelvis with high longitudinal position. All three pelvic 
shapes are characterized by protracted labor

L. Schäffer et al.
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2.2  Palpation of the Pelvis

The aim of palpation of the pelvis is to identify 
prominent bony structures that may obstruct 
labor. The examiner evaluates the angle of the 
pubic arch (>90°), the promontory (cannot be 
reached), the anterior surface of the sacrum 
(smooth), the coccyx (not prominent and elastic), 
and the ischial spines (not prominent).

Palpation has the disadvantage that the results 
cannot be standardized. The examination is 
extremely uncomfortable for the patient.

3  MR Pelvimetry

Magnetic resonance (MR) pelvimetry was intro-
duced in 1985 by Stark et al. (1985). MRI offers 
the benefit of accurate measurements of bony 
pelvic structures without exposure to ionizing 
radiation. The technique further allows imaging 
of soft-tissue structures, including the fetus, and 
has therefore replaced X-ray and computed 
tomography (CT) pelvimetry to become the 
modality of choice for obstetric pelvimetry (Stark 
et al. 1985; Pfammatter et al. 1990; Keller et al. 
2003).

3.1  Safety Issues 
and Contraindications

Whereas prenatal X-ray exposure has been asso-
ciated with an increased risk of childhood cancer 
(Stewart and Kneale 1968; Doll and Wakeford 
1997), MRI does not use ionizing radiation. 
However, theoretically, safety issues could be 
related to possible adverse biologic effect associ-
ated with exposure to the static magnetic, gradi-
ent magnetic, and RF electromagnetic fields. 
Numerous studies of MRI in pregnant women 
have not revealed any experimental or clinical 
evidence of fetal harm. Thus, to our current 
knowledge, MRI is considered safe for both the 
mother and the developing fetus (Kanal et al. 1993; 
Baker e al. 1994; Masselli et al. 2013; DeWilde 

et al. 2005; Shellock Frank and Crues John 2003; 
Ray Joel et al. 2016).

Nevertheless, there is at present still a  general 
consensus that MRI should be performed in the 
first trimester of pregnancy only if there are 
clear medical indications, since rapid organo-
genesis takes place at this time and the fetus is 
thus most susceptible to any potentially hazard-
ous external influences.

In our institution, MR pelvimetry is typically 
performed in the last trimester of pregnancy in 
women whose previous delivery was compli-
cated by protracted labor with strong suspicion 
for cephalopelvic disproportion who wish to 
undergo a trial of labor. Alternatively, MR pel-
vimetry can be performed postpartum in women 
who plan to become pregnant again.

MR pelvimetry is a short examination, 
approximately 10 min examination time, without 
the need of intravenous contrast agents.

Due to the lower energy deposition in tissue, 
gradient-echo sequences might be preferred to 
spin-echo sequences for MR pelvimetry in preg-
nant women (Wright et al. 1992; Wentz et al. 
1994; Urhahn et al. 1991; Michel et al. 2002; van 
Loon et al. 1990; Liselele et al. 2000; Pattinson 
and Farrell 1997; Van Loon et al. 1997).

On the other hand, T2-weighted spin-echo 
sequences allow for better assessment of soft tis-
sue structures including the uterus. In our experi-
ence, most institutions have therefore now 
switched to T2-weighted spin-echo imaging.

Pregnant patients should be informed that, 
to date, there has been no indication that the 
use of clinical MR imaging during pregnancy 
has produced deleterious effects, and the MR 
pelvimetry may be performed with oral and 
written informed consent (Masselli et al. 2013).

A substantial contraindication to MRI, in gen-
eral, is claustrophobia; other contraindications 
such as pacemakers and metallic splinters are 
comparatively rare in the obstetric population.

It should be kept in mind that many women 
referred for MR pelvimetry are unfamiliar with 
MRI and may be intimidated by the sheer bulk of 
the equipment. Despite current evidence that 

MR Pelvimetry
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Fig. 2 (a–g) Imaging protocol for MR pelvimetry in a 
34-year-old woman with a history of secondary cesarean 
section and retroverted uterus. (a) Coronal localizing 
image for the axial plane (TRUFI, TR 6.0 ms, TE 2.53 ms, 
FOV 400 mm). (b) Axial T2-weighted TSE sequence at 
the level of the interspinous distance (TSE, TR 4500 ms, 
TE 102 ms, FOV 360 mm). (c) Axial T2-weighted TSE 
sequence at the level of the intertuberous distance (for 
parameters see (b)). (d) Localizing image for the midsag-

ittal plane (for parameters see (b, c)). (e) Sagittal 
T2-weighted TSE sequence (TSE, TR 3200 ms, TE 
102 ms, FOV 350 mm): the obstetric conjugate and sagit-
tal outlet are measured in the midsagittal plane. (f) 
Sagittal localizing image for transverse diameter (for 
parameters see (e)). (g) Coronal-oblique T2-weighted 
TSE sequence (TSE, TR 3200 ms, TE 102 ms, FOV 
360 mm): the transverse diameter represents the widest 
transverse distance

a

d

b

c

MRI has no adverse fetal effects and of which, as 
discussed above, the women should be informed 
before MRI, the noise and claustrophobia of an 
MR exam may well induce fear for the fetus 
when imaging pregnant women, and they should 
thus be especially well cared for during the exam 
by the staff of the MRI suite.

In women with physical effects like vena cava 
compression syndrome that may occur in late 
pregnancy, imaging can be performed in the lat-
eral decubitus position.

3.2  MR Imaging Protocol

It has been shown in the literature that there are 
no significant differences in pelvimetric mea-
surements between spin-echo and gradient-echo 
sequences (Keller et al. 2003; Wentz et al. 1994; 
Urhahn et al. 1991).

MR pelvimetry is usually performed in the 
supine position. Images of the maternal pelvis are 

acquired with the body coil in axial, sagittal, and 
oblique (in a plane through the symphysis and 
sacral promontory) orientation as shown in Fig. 2.

In our institution, MR pelvimetry is always per-
formed on a 1.5-T scanner. We are using T2-weighted 
turbo spin-echo (TSE) sequences. T1-weighted fast-
spoiled gradient-echo sequences (FSPGR) might be 
used alternatively as discussed above. A large field-
of-view (FOV), e.g., 360 mm, is used. Total imaging 
time is approximately 10 min.

3.3  Image Analysis

After the MR examination, pelvimetric measure-
ments are performed on a workstation using the 
exterior surface of the appropriate bony cortex as 
the measuring point (Figs. 2, 3, and 4). The fol-
lowing pelvic distances are measured:
• The obstetric conjugate from the sacral promon-

tory to the top inner cortex of the pubic bone at the 
symphysis is assessed in the midsagittal plane.
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e f

g

Fig. 2 (continued)

b

c d

a

Fig. 3 (a–d) Pelvimetric diameters (drawings by 
G. Roth). (a) Obstetric conjugate and sagittal outlet. (b) 

Interspinous diameter. (c) Intertuberous diameter. (d) 
Transverse diameter (From Michel et al. 2002)

MR Pelvimetry
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• The sagittal outlet, from the end of the sacrum to 
the bottom of the inner cortex of the  symphysis, 
is also determined in the midsagittal plane.

• The interspinous distance represents the nar-
rowest distance between the ischial spine 
some millimeters below or in the plane 
through the fovea capitis. It is measured in the 
axial plane.

• The intertuberous distance is the widest dis-
tance between the ischial tuberosities and is 
also measured in the axial plane.

• The transverse diameter represents the larg-
est transverse distance (through the prom-
ontory and the symphysis) in the oblique 
axial plane (Keller et al. 2003; Michel et al. 
2002).

c

b

d

a

Fig. 4 (a–d) MR pelvimetry (T1-weighted gradient-echo 
imaging) in a 29-year-old pregnant woman in the last tri-
mester with small pelvic dimensions. Vaginal delivery 
was attempted but failed and secondary cesarean section 
became necessary. The midsagittal section shows (a) the 
obstetric conjugate (10.7 cm) and sagittal outlet (9.8 cm). 

Axial sections show (b) the interspinous distance 
(10.0 cm), measured at the level of the foveae of the femo-
ral heads, and (c) the intertuberous distance (11.7 cm). 
The oblique section (d) shows the transverse diameter 
(11.8 cm)
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In our institution, all radiology suite technolo-
gists have been trained to select the appropriate 
images and measure the distances. Measurement 
is supervised by the radiologist writing the final 
report.

3.4  Reference Values for MR 
Pelvimetry

The groundwork in pelvimetry was laid using 
conventional radiography. Parameters were 
measured on lateral and anteroposterior views 
using various techniques to correct the distor-
tion resulting from different distances from the 
film. These methods have since been super-
seded by cross- sectional imaging using com-
puted tomography and, in particular, 
MRI. Nevertheless, values determined by plain 
radiography were still often used for guidance 
in the routine clinical setting. Yet studies com-
paring plain radiography and MR pelvimetry 
in the same population have described differ-
ences in some parameters, e.g., in  intertuberous 
diameter (Wentz et al. 1994; van Loon et al. 
1990).

MR pelvimetric reference values in a large 
study population, stratified by delivery modality, 
have been established by our own group (Keller 
et al. 2003). Results are shown in Table 2.

It was demonstrated that the pelvimetric 
parameters associated with the largest intra- and 
interobserver error and intraindividual variability 
are the intertuberous distance and sagittal outlet. 
Obstetric decision-makers should therefore treat 
them with caution (Keller et al. 2003).

4  Can Pelvimetry Improve 
Maternal and/or Fetal 
Outcome?

Only few published studies have investigated the 
role of external pelvimetry. A prospective cohort 
study of primiparous African women showed that 
a combination of maternal height measurement 
and clinical external pelvimetry can identify a 
subgroup of patients with a high likelihood of 
cephalopelvic disproportion (Liselele et al. 2000). 
Comparable studies that present recent and robust 
data for Western countries are not available.

A Cochrane review lists four randomized con-
trolled trials (RCT) on pelvimetry for fetal cephalic 
presentation (Pattinson and Farrell 1997). All of 
these studies were performed using radiographic 
pelvimetry. The pelvimetry group had a higher rate 
of cesarean sections while fetal asphyxia and peri-
natal mortality tended to be lower, but the difference 
did not reach significance (OR 0.61, CI 0.34–1.11 
and OR 0.51, CI 0.18–1.42, respectively). Due to 
the small number of patients investigated and the 
poor quality of the studies quoted, the Cochrane 
review concludes that the available evidence is not 
sufficient to prove a significant fetal benefit of 
radiographic pelvimetry in cephalic presentation.

One RCT has investigated pelvimetry in 
breech presentation (Van Loon et al. 1997). In 
this study, Van Loon et al. (1997) demonstrate 
that pelvimetry significantly reduces the rate of 
emergency cesarean sections. More recent stud-
ies in smaller patient populations show promis-
ing results using pelvimetry (mostly performed 
by MRI) in combination with sonographic weight 
measurement of the fetus (Spörri et al. 2002; Fox 
et al. 2004; O’Brien et al. 2002), but these find-
ings must be confirmed by RCTs.

5  Indications for Pelvimetry

5.1  Breech Presentation 
and Maternal Preference 
for Spontaneous Delivery

Breech presentation is a common obstetric abnor-
mality occurring in 3–5% of single pregnancies 

Table 2 Reference values for MR pelvimetry (Keller 
et al. 2003) based on 100 women undergoing spontaneous 
vaginal delivery

Reference values ± SD (cm)

Obstetric conjugate 12.2 ± 0.9

Sagittal outlet 11.6 ± 1.0

Interspinous diameter 11.2 ± 0.8

Intertuberous diameter 12.1 ± 1.1

Transverse diameter 13.0 ± 0.9

MR Pelvimetry
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and 10–15% of multiple pregnancies, but there is 
no agreement about its most suitable obstetric 
management. The Canadian Medical Research 
Council (MRC) initiated an international ran-
domized multicenter trial of planned vaginal 
birth versus planned cesarean section for breech 
presentation at term after an  uncomplicated preg-
nancy (Hannah et al. 2000). The results show that 
planned cesarean section reduces the fetal com-
plication rate while not affecting the maternal 
complication rate, and the authors conclude that 
planned cesarean section is the optimal method 
of delivery for a fetus in breech presentation.

Following publication of these results, the rate 
of primary cesarean sections for breech presenta-
tions increased to up to 80%. Nevertheless, spon-
taneous delivery in breech presentation may be 
the preferred option of the mother. In such cases, 
it is particularly important to exclude cephalopel-
vic disproportion.

5.2  After Cesarean Section 
due to Arrest of Labor

The probability of secondary cesarean section 
after spontaneous onset of labor is about 10% in 
women without prior cesarean section as opposed 
to 30–50% in women having had a cesarean sec-
tion for dystocia before (Abilgaard et al. 2013). In 
order to reduce the rate of secondary cesarean 
section, we perform pelvimetry in these patients 
when high suspicion for cephalopelvic dispropor-
tion is present and recommend primary cesarean 
section for future pregnancies in those women 
who are found to have a narrow pelvis because 
they are at high risk of renewed arrest of labor.

5.3  Clinically Conspicuous 
Abnormalities of Pelvic Shape 
and Status Post Pelvic 
Fracture

Only 0.5–1% of all pregnant women have such 
obvious pelvic anomalies that absolute cephalo-
pelvic disproportion is highly likely. The risk of 
absolute disproportion is especially high in 

women after pelvic fracture or with diseases that 
alter pelvic shape (osteochondroplasia, osteoma-
lacia). In these cases, pelvimetry is mandatory.
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MR Imaging of the Placenta

Gabriele Masselli

Abstract

Imaging of the placenta can have a profound 
impact on patient management, owing to the 
morbidity and mortality associated with vari-
ous placental conditions.

1  Introduction

Imaging of the placenta can have a profound 
impact on patient management, owing to the 
morbidity and mortality associated with various 
placental conditions.

Abnormalities of the placenta are important to 
recognize owing to the potential for maternal and 
fetal morbidity and mortality.

While ultrasound is still the first imaging 
method of placental investigation, magnetic reso-
nance imaging (MRI) has many unique properties 
that make it well suited for imaging of the placenta: 
its multiplanar capabilities, the improved tissue 
contrast that can be obtained by using a variety of 
pulse sequences and parameters, and the lack of 
ionizing radiation; MRI can be of added diagnostic 
value when further characterization is required.

Some pathologies are seen more clearly in 
MRI, such as infarctions and placental invasive 
disorders. The future development is towards 
functional placental MRI. Placental MRI has 
become an important complementary method for 
evaluation of placental anatomy and pathologies 
contributing to fetal problems such as  intrauterine 
growth restriction.
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In this chapter, we review the appearances and 
the role of MRI in diagnosis and management of 
these conditions.

2  Imaging of the Placenta

The placenta is responsible for the nutritive, 
respiratory, and excretory functions of the fetus 
(Bernirschke and Kaufmann 2000). The placenta 
is often overlooked in the routine evaluation of a 
normal gestation, receiving attention only when 
an abnormality is detected. Although uncommon, 
abnormalities of the placenta are important to 
recognize owing to the potential for maternal and 
fetal morbidity and mortality (Elsayes et al. 
2009). Pathologic conditions of the placenta 
include placental causes of hemorrhage, gesta-
tional trophoblastic disease, retained products of 
conception, nontrophoblastic placental tumors, 
and cystic lesions (Linduska et al. 2009).

Ultrasound is widely used as the initial diag-
nostic imaging technique during pregnancy 
because of its availability, portability, and lack of 
ionizing radiation (Elsayes et al. 2009).

Magnetic resonance (MR) imaging provides 
superior soft tissue contrast resolution, multipla-
nar imaging capabilities, and image quality inde-
pendent of the mother’s size or fetus’ positioning, 
and it lacks ionizing radiation (Masselli et al. 
2011a). MRI can be of added diagnostic value 
when further characterization is required, partic-
ularly in the setting of invasive placental 
 processes such as placenta accreta, placental 
abruption, and gestational trophoblastic disease 
(Masselli et al. 2011a, b; Baughman et al. 2008). 
In particular, MR imaging might well have a piv-
otal role in the diagnosis of intrauterine bleeding 
thanks to its high spatial resolution and to the 
known high sensitivity and specificity in distin-
guishing blood from other fluid collections 
(Masselli et al. 2011b).

Moreover, in advanced gestational age, obese 
women, and posterior placental location, MRI is 
advantageous due to the larger field of view and 
its multiplanar capabilities.

Its drawbacks, however, include prolonged 
imaging time, cost, lack of skilled experience, 
claustrophobia, and the challenge of remaining 

supine and still for a prolonged period in 
advanced gravid state (Bardo and Oto 2008).

3  MRI Protocol

Most patients in the second trimester of preg-
nancy can tolerate supine positioning within the 
MR system bore.

For patients in the third trimester, left lateral 
decubitus positioning may be better tolerated and 
decrease the risk of impaired venous return from 
caval compression by the uterus. To maximize 
signal, a multichannel surface coil is used when-
ever possible. Ideally, the bladder should be only 
moderately full, both for patient comfort and to 
avoid over- or underdistension that could compli-
cate assessment for potential bladder invasion.

All examinations should be performed on a 
1.5Tesla (T) system in the supine position with a 
phased-array body coil. The safety of MR at 3 T 
has not yet been proven; however, to our knowl-
edge, no published human studies documented any 
adverse effect on children exposed at higher mag-
netic fields, such as 3 T (Baughman et al. 2008).

A phased-array coil is preferred to use because 
it provides a superior signal-to-noise ratio, but in 
larger patients and towards the end of pregnancy, 
a body coil may be necessary.

If patients feel uncomfortable lying supine in 
the scanner (especially in the third trimester), 
imaging can be obtained with the patient in the 
lateral decubitus position, decreasing the pres-
sure on the inferior vena cava.

Steady-state free-precession sequences (fast 
imaging employing steady-state acquisition 
[FIESTA], true fast imaging with steady-state pre-
cession [FISP], balanced fast field echo [FFE]) can 
provide motion-free images of the abdomen. The 
protocol includes multiplanar T2-weighted single-
shot echo train spin-echo imaging (half-Fourier 
rapid acquisition with relaxation enhancement 
[RARE], single-shot turbo spin-echo, or single-
shot fast spin-echo), in addition to sagittal 
T1-weighted gradient-echo imaging with fat sup-
pression (Table 1) (Nagayama et al. 2002).

We recommend that MR examinations per-
formed for placental abnormalities be monitored 
by a physician who can prescribe additional 
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sequences as needed, including fat-suppressed and 
opposed-phase imaging if a fat containing lesion is 
suspected, and time-of-flight imaging if further 
evaluation of a vascular structure is indicated.

Parallel imaging reconstruction algorithms 
GRAPPA with iPAT factor 2 are used to decrease 
the MR data acquisition time of the sequences 
therefore reducing fetal and maternal motion 
artifacts.

To minimize the deposition of radiofre-
quency energy in the pregnant patient and opti-
mize temporal resolution, a 256 × 224 matrix is 
used with a partial-phase field of view of 0.75 in 
applicable rectangular geometries, such as the 
axial plane.

An attempt is made to confirm all suspected 
abnormalities in at least two imaging planes 
because the normal curvature of the uterus can 
potentially lead to a false-positive examination 
in a single imaging plane. When higher-resolu-
tion imaging is required to maintain a satisfac-
tory signal-to-noise ratio, additional images can 
be obtained in the desired plane using a 
T2-weighted fast spin-echo sequence. This 
sequence can be performed over a limited area 
during a breath-hold using some type of flip 
back pulse to shorten the repetition and acquisi-
tion times.

The use of fat suppression in conjunction with 
T1-weighted sequences improves the conspicuity 
of blood products.

Some investigators have advocated the use of 
gadolinium-based contrast agents to improve the 
specificity of MRI for diagnosis of placenta 
accreta by better defining the outer placental sur-
face and myometrium and distinguishing pla-
centa accreta from percreta (Palacios Jaraquemada 
and Bruno 2000; Tanaka et al. 2001).

Therefore, in clinical practices, gadolinium-
based contrast agents are not used in pregnancy, 
except when the potential risks to the patient are 
outweighed by the potential benefits of contrast-
enhanced imaging.

Clinical experience with diffusion-weighted pla-
cental imaging is likewise limited (Bonel et al. 2010; 
Morita et al. 2009), but this sequence has been 
recently demonstrated to be very useful in the detec-
tion of placental hematoma (Masselli et al. 2011b).

4  Normal Appearance

Before interpreting images for pathologic find-
ings, it is necessary to understand the normal 
anatomy and the normal findings of the placenta 
at multiplanar MR imaging (Nguyen et al. 2012).

Table 1 Summary of MR imaging parameters

True FISPa

T2-weighted  
half-Fourier RAREb

Sagittal 
T1-weighted 
three-dimensional 
imagingc

Sagittal 
diffusion-
weighted 
imagingdParameter Transverse

Coronal/
sagittal Transverse

Coronal/
sagittal

TR/TE (ms)e 4.3/2.2 4.3/2.2 1000/90 1000/90 4.1/1.1 3200/75

Flip angle 50° 50° 150° 150° 10° 10°

Field of view (mm) 320–400 320–400 320–400 320–400 320–400 320–400

Matrix 256 × 224 256 × 224 256 × 224 256 × 224 256 × 224 256 × 192

Parallel imaging factor 2 2 2 2 3 2

Section thickness (mm) 5 5 4 4 2.5 5

Intersection gap (mm) 0 0 0 0 0 0

No. of signals acquired 1 1 1 1 1 6

Receiver bandwidth (kHz) 125 125 200 200 310 1930

Acquisition time (s) 19 21 15–20 15–20 15–18 180
aFISP fast imaging with steady-state precession
bRARE rapid acquisition with relaxation enhancement
cImaging was performed with dynamic volumetric interpolated breath-hold examination with fat saturation. Fat satura-
tion was achieved with the chemical shift–selective fat suppression technique
dDiffusion-weighted MR images were acquired with b values of 50, 400, and 800 s/mm2

eTR/TE repetition time/echo time
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The gravid uterus should be pear shaped, with 
the fundus and body being wider than the lower 
uterine segment. The uterine contour is usually 
smooth, and focal bulging should not be present.

Typically, the placenta is located along the 
anterior or posterior uterine wall, extending onto 
the lateral walls.

Placental size is expressed in terms of thick-
ness in the midportion of the organ and should 
be between 2 and 4 cm. Placental thinning has 
been described in systemic vascular and hema-
tologic diseases that result in microinfarctions. 
Thicker placentas (>4 cm) are seen in fetal 
hydrops, antepartum infections, maternal 
 diabetes, and  maternal anemia. Placental thick-
ening can be simulated by myometrial contrac-
tions and underlying fibroids (Victoria et al. 
2011).

The MR signal of the placenta varies accord-
ing to the utilized imaging sequence (Leyendecker 
et al. 2012; Levine and Pedrosa 2005). With the 
most commonly utilized fetal pulse sequence, 
HASTE, the placenta demonstrates intermediate 
signal, hypo- or isointense with respect to the 
surrounding myometrium. A fine line of separa-
tion between the myometrium and the placenta 
may be visualized, most likely representing the 
placental-myometrial interface. The placenta is 
predominantly homogeneous in signal in the 
early second trimester and has a relatively flat 
and smooth surface (Fig. 1).

On steady-state free-procession or true FISP 
images, the placenta is hypo- to isointense with 
respect to the myometrium and homogeneous in 
appearance during the second trimester, becom-
ing more heterogeneous as maturation occurs. 
The placental-myometrial interface may be seen, 
although it was less distinct than in HASTE 
images.

On T1 FLASH images, the placenta demon-
strates a homogeneous signal, isointense to 
myometrium.

As the placenta matures, particularly in the 
third trimester, cotyledons become easier to dis-
cern as round, high-signal structures seen in 
fluid-sensitive sequences, delineated by a subtle 
peripheral low signal line, likely representing the 
normal placental septa (Fig. 2). The placenta also 

becomes more complex appearing, with gentle 
lobulations seen on its fetal surface and fine vas-
cular channels becoming more distinct as they 
traverse the placental tissue.

Placental septa and the cotyledons are more 
often seen when imaging with a 3 T system (Fig. 3).

The normal subplacental vascularity can be 
seen as numerous flow voids just under the pla-
centa. A few flow voids can also be seen within 
the placenta and are usually in the region of the 
insertion point of the umbilical cord.

The myometrium has a variable thickness and 
thins as the pregnancy progresses.

It can be seen as three distinct layers of signal 
intensity; the inner and outer layers of the myo-
metrium are seen as thin bands of decreased T2 
signal intensity (Fig. 4). The middle layer is 
thicker, has intermediate T2 signal intensity, and 
often contains multiple flow voids representing 
the normal myometrial vascularity.

As the pregnancy progresses, the myometrium 
can become quite thin and should be visualized 
as a continuous band of soft tissue low intensity 
signal surrounding the placenta (Fig. 5).

However, the myometrium may blend into the 
placenta, and it can be difficult to visualize even 
at technically adequate examinations in patients 
with prior cesarean section.

One problem with MR imaging of placenta 
adhesive disorders is that distinction between the 
myometrium and the placenta can be difficult on 
the types of sequences typically used (Kim and 
Narra 2004; Lax et al. 2007).

If placenta accreta is suspected, additional 
imaging planes are chosen that best show the 
placenta-myometrium interface in the region of 
suspected abnormality or other structures of 
interest, such as the bladder dome. Such imaging 
is typically best accomplished in an angled scan 
plane perpendicular to the placenta-myometrium 
interface or myometrium-bladder interface 
(Masselli et al. 2008).

4.1  Placenta Variants

Most placentas are round or discoid in shape, but 
other shapes should be described when present; 
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Fig. 1 Normal placenta in this 26-week-old fetus. (a) 
Sagittal T2-weighted half-Fourier RARE T2-weighted 
MR image shows a placenta (P) with intermediate signal 
intensity. (b) Sagittal T1-weighted fat saturation sequence 

demonstrates a homogeneous placenta, isointense to myo-
metrium. (c) Sagittal DWI sequence (B = 800) and ADC 
map (d) demonstrates a homogeneous placenta

MR Imaging of the Placenta



472

a b

Fig. 2 Coronal T2-weighted half-Fourier RARE (a) and 
true FISP (b) MR images show a homogeneous placenta 
with thin linear areas of decreased signal intensity in a 

regular pattern (arrows) representing normal placental 
septa

Fig. 3 Coronal T2-weighted half-Fourier RARE at 3 
Tesla MR scanner shows the cotyledon structure of the 
placenta (arrows)

Fig. 4 Axial T2-weighted MR image of healthy second-
trimester placenta shows the three layers of the normal 
myometrium. The hypointense outer (short arrows) and 
inner (arrows) layers surround the more hyperintense 
middle layer, which contains the vasculature
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variant placental shapes include bilobed, succen-
turiate, circumvallate, and placenta membrana-
cea (Huppertz 2008).

Usually discoid in shape, the placenta can 
exhibit various morphologies. The placenta 
can have a separate lobule that is not contigu-
ous with the main placental body, which is 
called a succenturiate placenta (Fig. 6) (Elsayes 
et al. 2009).

A small lobule of placenta separate from the 
main bulk of the placenta is referred to as a suc-
centuriate lobe. This is important to describe 
when present because of the risk of connecting 
vessel rupture or retention of the lobe at delivery, 
both potentially resulting in significant hemor-
rhage (Bernirschke and Kaufmann 2000).

If there are two lobes of placenta, similar in 
size, the placenta can be described as bilobed. 
Circumvallate placenta is best described as hav-
ing a rolled-up edge. In a retrospective review of 
7666 deliveries, the odds ratio of placental 
 abruption in patients with circumvallate placenta 
was 13.10 (95% confidence limits: 5.65–30.20) 
(Elsayes et al. 2009). A placenta membranacea or 
“placenta diffusa” occurs when villous atrophy 
fails to occur early in gestation. As a result, fetal 
membranes remain covered with chorionic villi. 
This rare entity presents with a thinned diffuse 
placenta covering the uterine cavity, and is asso-
ciated with placental invasion (Linduska et al. 
2009). Annular placenta may be a variant of pla-
centa membranacea, presents with a ring-shaped 
placenta, and has similar risks of hemorrhage and 
growth restriction (Derwig et al. 2011).

Lastly, in placenta fenestrata, the placenta 
may also demonstrate a central defect in which 
placental tissue is nonexistent, leaving only a 
membranous sheath.

The normal umbilical cord measures 50–60 cm 
long, contains two umbilical arteries and one vein, 
and typically inserts centrally within the placenta 
(Palacios Jaraquemada and Bruno 2000). A mar-
ginal cord insertion, also known as a battledore 
placenta, occurs within 1–2 cm of the placental 
edge. With a velamentous cord insertion, the pla-
cental vessels insert separate from the placenta 
and traverse between the amnion and chorion 
before entering the placenta (Tanaka et al. 2001). 
Umbilical vessels crossing the internal os of the 
cervix in the setting of velamentous insertion, a 
condition known as vasa previa, predispose to 
catastrophic hemorrhage of the fetal umbilical 
artery (Palacios Jaraquemada and Bruno 2000). 
Undiagnosed vasa previa has a fetal mortality rate 
nearing 60% (Bardo and Oto 2008).

Placenta previa refers to abnormal implantation 
of the placenta in the lower uterine segment,  

Fig. 5 Axial T2-weighted MR image of healthy third-
trimester placenta shows the placenta has homogeneous 
intermediate signal intensity and the myometrium is visi-
ble as a low-signal-intensity line external to the placenta 
(arrows)

Fig. 6 Sagittal T2-weighted half-Fourier RARE MR image 
shows a normal placenta with a succenturiate lobe. The 
main body of the placenta is located along the posterior 
uterine wall (arrow). A second soft tissue structure with 
similar signal intensity is seen along the anterior uterine 
wall and represents the succenturiate lobe (small arrow)
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overlying or near the internal cervical os (Baergren 
2005). Normally, the lower placental edge should 
be at least 2 cm from the margin of the internal cer-
vical os. The relationship of the placenta to the 
internal os changes throughout the course of preg-
nancy as the uterus enlarges. The diagnosis of pla-
centa previa should not be made before 15 weeks’ 
gestation, and low-lying or marginal placental 
positioning should be revaluated later in gestation 
to confirm placental position before delivery.

Placenta previa can be subdivided according 
to the position of the placenta relative to the 
internal cervical os (To and Leung 1995). 
Although transvaginal sonography is the  imaging 
standard for making this diagnosis, the position 
of the placenta is usually demonstrable with 
transabdominal imaging. In the appropriate clin-
ical setting, the absence of sonographic confir-
mation of placenta previa does not exclude the 
diagnosis.

MR imaging allows accurate identification of 
the position of the placenta; sagittal MR sequence 
oriented in the plane of the cervix is used to 
assess the placental margin (Fig. 7).

Given widespread use of endovaginal and 
translabial ultrasound, this is unlikely to be a 
common indication for MR examination. 
However, transvaginal imaging should be under-
taken with care in advanced pregnancies, as it can 
lead to premature rupture of membranes or to 
infection when the membranes have already rup-
tured. The placental edge is easily identified with 
MR Haste and true FISP sequences.

5  Placenta Adhesive Disorders

Abnormal invasive placenta describes a group of 
conditions that produce the abnormal infiltration 
of placental tissue into the uterus or also into the 
surrounding tissues. This condition usually pro-
duces severe complications for the mother, such 
as massive hemorrhage, organ damage, organ 
failure, and even death (Bernirschke and 
Kaufmann 2000).

Placenta accreta, placenta increta, and pla-
centa percreta represent a spectrum of placental 
adhesive disorders (PADs) and occur when a 

defect of the decidua basalis allows the inva-
sion of chorionic villi into the myometrium 
(Sebire and Sepulveda 2008; Oyelese and 
Smulian 2006).

PAD is classified on the basis of the depth of 
myometrial invasion: placenta accreta is the least 
severe of the three entities with penetration of the 
decidua by the chorionic villi. Placenta increta is 
penetration of the myometrium by the chorionic 
villi. Placenta percreta is the most severe of the 
implantation anomalies with invasion of both the 
myometrium and uterine serosa often with exten-
sion into neighboring organs (Bernirschke and 
Kaufmann 2000).

Prior cesarean section and placenta previa are 
the two most important risk factors for placenta 
adhesive disorders; these conditions occur in 5% 
of patients with placenta previa, in up to 10% of 
patients after four or more cesarean sections, and 
in 67% of patients who have both placenta previa 
and four or more cesarean sections (Oyelese and 
Smulian 2006).

As abnormal placentation becomes more 
prevalent, in large part due to the steadily rising 
rates of cesarean deliveries, there is a need for 
accurate antenatal diagnosis of this condition to 
prevent maternal morbidity and mortality because 
timing and site of delivery, availability of blood 
products, and recruitment of a skilled anesthesia 
and surgical team can be arranged in advance.

Diagnostic signs using MRI are similar to 
those described in US (To and Leung 1995), 
(Masselli et al. 2011c), (Sebire et al. 2002). 
Interrupted or myometrial thinning is a common 
sign but not specific of AIP. Previous cesarean 
scar is prone to produce some degree of dehis-
cence when the placenta is located in the lower 
segment. For this reason, this sign itself is not 
indicative of PAD, although histologically it could 
agree with a placenta accreta, increta, or percreta. 
Presence of lagoons, especially multiple, conflu-
ent, and intercommunicated, is probably the most 
reliable sign of PAD (US and pMRI) (Fig. 8). 
Tenting of bladder was described as a sign of PAD 
(Huppertz 2008), but this sign is not specific and 
surgically represents the bladder adhesion to the 
previous scar. Although uterine bulging was 
described as one of the useful signs for diagnosis, 
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this is not specific at all, as a simple uterine scar 
dehiscence in a placenta previa can produce it. 
According to some authors, absence of dark pla-
cental bands excludes a diagnosis of PAD, but this 
asseveration is made based on small series. 
Presence of lobulations is frequent in PAD (Sebire 

et al. 2002), although their absence is not an 
exclusion criteria. For this reason, and as it hap-
pens in US analysis, prenatal diagnosis of PAD is 
based on a group of signs, some of them more 
predictive of PAD than others. Full area acquisi-
tion of MRI allows re-evaluation anytime by  

a c

b

Fig. 7 Spectrum of placenta previa. Sagittal T2-weighted 
half-Fourier RARE MR images show a low-lying placenta 
(a) where the placental inferior border is within 0.5 cm of 
the internal uterine os (OUI), marginal placenta previa (b) 

where the placental tip is located immediately at the OUI 
but does not cover it and central placenta previa (c), where 
the placenta entirely covers the OUI
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different observers, a fact that is not usually pos-
sible for US, because image acquisition is depen-
dent on the operator.

MR findings of more severe disease (placenta 
increta and percreta) include: dark placental 
bands on T2-weighted images, with loss of nor-
mal low signal intensity myometrium, disorga-
nized architecture of the adjacent placenta, focal 
exophytic mass, and, in case of invasion involv-
ing the bladder, thinning of the uterine serosa-
bladder interface, focal abnormal signal in the 
bladder wall, and extension of intermediate sig-
nal placental tissue beyond uterine margins with 
loss of fat planes between uterus and pelvic 
organs (Fig. 9) (Leyendecker et al. 2012; 
Masselli et al. 2008; Levine 2006; Warshak et al. 
2006; Levine et al. 1997).

However, in some cases it is almost impossi-
ble to differentiate between placenta accreta and 
percreta using MRI, especially if there is no 
involvement of the adjacent structures. This is 

because the myometrium becomes extremely 
thin as pregnancy progresses, and it becomes dif-
ficult to visualize.

The most useful findings are uterine bulging, 
heterogeneous signal intensity within the pla-
centa, and dark intraplacental bands on 
T2-weighted images.

This appearance is common at locations where 
the uterus is compressed by the maternal spine, 
but it can be diffuse. Uterine contractions com-
monly cause transient focal low-signal intensity 
thickening of the uterine wall. Unenhanced 
T1-weighted images do not provide sufficient 
differentiation between the placenta and myome-
trium to be useful for assessment of abnormal 
placental attachment or invasion, as the placenta 
and the myometrium are both of homogeneous 
intermediate signal intensity.

Dynamic contrast-enhanced imaging of the 
placenta shows early intense lobular enhance-
ment of the placental tissue that becomes 

Fig. 9 Placenta percreta in a 33-year-old woman with 
two prior cesarean deliveries. Sagittal T2-weighted half-
Fourier RARE image a shows a broad outward bulge 
(arrows) in posterior placental contour. No underlying 
myometrium can be seen in this region

Fig. 8 A 34-year-old woman at 28 weeks’ gestation with 
complete placenta previa and placenta accreta in posterior 
lower uterine segment (S2). Sagittal T2-weighted half-
Fourier RARE MR image shows prominent low-signal-
intensity band (arrow) on maternal side of placenta and 
anteriorly irregular placenta-myometrium interface with 
placental tissue without surrounding myometrium (small 
arrow). Perpendicular plane which divides the posterior 
bladder wall determines areas S1 and S2
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 confluent with time and precedes enhancement of 
the myometrium (Tanaka et al. 2001).

Several studies have compared the accuracy 
and effectiveness of sonography versus MRI in 
the detection of placenta accreta. Warshak et al. 
(2006) compared pathologic diagnosis to antena-
tal ultrasound (including use of an endovaginal 
transducer) and MRI results. This study retro-
spectively evaluated 453 women with a diagnosis 
of placenta previa, low-lying placenta with prior 
cesarean delivery, or myomectomy, of whom 39 
had abnormal placentation.

This study revealed 77% sensitivity, 96% 
specificity, 65% positive predictive value (PPV), 
and 98% negative predictive value (NPV) for 
ultrasound compared to 88% sensitivity, 100% 
specificity, 100% PPV, and 82% NPV for MRI 
prediction of abnormal placentation. Another 
study with fewer patients (n = 13) showed the 
sensitivities of ultrasound to be 33% and MRI to 
be 38%, stating that both modalities had a poor 
predictive value in the diagnosis of abnormal pla-
centation (Lam et al. 2002). A multinstitutional 
study in 2008 by Dwyer et al. (2008) retrospec-
tively evaluated 32 patients who were clinically 
at high risk for placenta accreta and had under-
gone both transabdominal sonography and MRI, 
of whom 15 had confirmed abnormal placenta-
tion at delivery. Sonography had 93% sensitivity, 
71% specificity, 74% PPV, and 92% NPV, 
whereas MRI had 80% sensitivity, 65% specific-
ity, 67% PPV, and 79% NPV. This study did not 
show a statistically significant difference in sen-
sitivity or specificity between sonography and 
MRI, concluding that both modalities may be 
complementary – if findings are inconclusive 
with one, the other modality may be useful for 
clarifying the diagnosis.

Some authors have suggested that MR imag-
ing is most clearly indicated when there is a pos-
terior placenta or in patients with previous 
myomectomy (Levine et al. 1997).

We agree that MRI should be reserved primar-
ily when ultrasound findings are equivocal for 
abnormal placentation or to assess portions of the 
uterus inaccessible to sonographic examination 
in patients with risk factors. Even when ultra-
sound findings are convincing for a diagnosis of 

placenta accreta, MRI can be beneficial in plan-
ning subsequent management by specifically 
delineating the extent of an ultrasound diagnosed 
placenta percreta (Masselli et al. 2008; Palacios 
Jaraquemada and Bruno 2005).

According to the previous topographic charac-
terization of Palacios et al. (Palacios Jaraquemada 
and Bruno 2000), these sagittal images obtained 
through MRI allow the division of anterior pla-
centa invasion into two sectors, delimited by a 
plane perpendicular to the center of the so-called 
upper bladder axis. The uterine sectors bordering 
the upper and lower posterior bladder walls were 
called S1 and S2, respectively. S1 PADs are gener-
ally of easy access and quick hemostasis, whereas 
S2 PADs – being irrigated by deeply located ves-
sels – often result in a significantly increased sur-
gical complexity and massive hemorrhage.

MRI has another potential benefit compared 
with US in that it provides a larger field of view, 
thereby granting an easier evaluation of the 
topography of placenta invasion and classifica-
tion of S1 PAD and S2 PAD (Fig. 8).

MRI can detect the presence of new vascular-
ization associated to PAD that indicates a differ-
ent approach or surgical treatment. Although 
these differences may be seen by US, it can be 
difficult to differentiate peripheral placental cir-
culation (lacunae blood flow) from newly formed 
vessels, especially when the bladder wall is very 
thin.

This is not a minor issue, because in recent 
years, many cases of PAD have happened after 
the first cesarean, so a decision whether or not to 
perform a hysterectomy must be carefully taken.

6  Placenta Abruption

Antepartum hemorrhage (vaginal bleeding 
between 20 weeks’ gestation and delivery) 
remains an important cause of maternal and fetal 
morbidity and mortality. Placenta previa and pla-
cental abruption account for more than one-half 
of cases of antepartum hemorrhage and are 
increasing in prevalence as the rate of cesarean 
section increases (Sakornbut et al. 2007; Sinha 
and Kuruba 2008).
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Placental abruption represents premature sep-
aration of the placenta from the uterine wall. 
Although rare (<1% of pregnancies), third-tri-
mester abruption is associated with an increased 
risk of preterm delivery and fetal death (Oyelese 
and Ananth 2006).

The diagnosis of placental abruption is clini-
cal and is characterized as the premature detach-
ment of the placenta from its implantation site. 
The condition may be sudden and painful or clin-
ically silent. It may manifest as a placental 
 hematoma as discussed above, without other 
symptoms such as pain or vaginal bleeding. 
Placental abruption affects approximately 1% of 
births and is the leading cause of vaginal bleed-
ing in the final trimester and may manifest as a 
placental hematoma (Elsasser et al. 2010).

There are three types of placental hematoma, 
including retroplacental, subchorionic, and sub-
amniotic. Retroplacental hematomas are defined 
as being posterior to the placenta, representing 
43% of hematomas. Subchorionic hematomas 
are between the chorion and the endometrium, 
representing approximately 57% of hematomas. 
Subamniotic hematomas are rare and are located 
between the amnion and the chorion (Oyelese 
and Ananth 2006; Elsasser et al. 2010).

US is frequently performed to confirm the 
presence of abruption and assess the extent of 
subchorionic or retroplacental hematoma 
(Nyberg et al. 1987). The presence of blood in 
large enough volumes to be visible sonographi-
cally indicates retained hemorrhage that may 
remain symptomatic.

However in up to 50% of cases of abruption 
US is negative for different reasons (Levine and 
Pedrosa 2005; Sakornbut et al. 2007; Nyberg 
et al. 1987): (1) Acute hemorrhage echo texture is 
very similar to that of the adjacent placenta and is 
therefore very difficult to detect. (2) The sign of 

an abnormally thick and heterogeneous placenta 
is rare, being present only in large acute clots. (3) 
Many subacute clots result falsely negative since 
blood dissects out from beneath the placenta and 
drains trough the cervix.

Diffusion-weighted imaging is an excellent 
sequence for detecting intrauterine hemorrhagic 
lesions.

Blood breakdown products cause susceptibil-
ity effects and can be accurately demonstrated 
with the diffusion-weighted sequence (Bonel 
et al. 2010; Oyelese and Smulian 2006). In our 
study (Masselli et al. 2008), the diffusion- and 
T1-weighted sequences were more accurate than 
the T2-weighted half-Fourier RARE and true 
FISP sequences in the detection of placental 
abruption; this finding is in agreement with previ-
ously reported evidence (Linduska et al. 2009; 
Verswijvel et al. 2002). T2-weighted half-Fourier 
RARE and true FISP sequences have high sensi-
tivity in the detection of acute ischemic lesions 
and good diagnostic accuracy in the detection of 
placental hematomas, probably owing to the 
coexisting condition of acute or subacute bleed-
ing and chronic ischemia in abruption (Linduska 
et al. 2009). Subchorionic or retroplacental hem-
orrhage typically demonstrates low T2 and inter-
mediate to high T1 signal. Diffusion-weighted 
imaging (DWI) has been recently demonstrated 
to be very useful in the detection of retroplacental 
hematoma (Fig. 10).

T1- and T2-weighted sequences are comple-
mentary, and both are required for complete tis-
sue characterization. By considering the signal 
intensity changes on T1-, T2-, and diffusion-
weighted images, with special reference to the 
paramagnetic effects of methemoglobin, it is pos-
sible to estimate the age of the bleeding and intra-
uterine hematomas can be accurately classified as 
follows: hyperacute (first few hours, intracellular 

Fig. 10 Subchorionic hemorrhage in a 25-year-old woman 
at 27 weeks’ gestation. Transvaginal gray-scale US scan 
were suggestive of the presence of placenta previa, whereas 
MR images correctly depicted the presence of subchorionic 
hematoma. Sagittal T1-weighted gradient-echo image (a) 
shows the hyperintense subchorionic hematoma located 
above the internal os. The intrauterine clot shows heteroge-
neous signal due to the presence of hypo and hyperintense 

areas to placenta on the axial T2-weighted half-Fourier 
RARE (b) and on coronal true FISP (c)  images. (d) Sagittal 
diffusion-weighted MR image (b value, 800 s/mm2) and 
ADC map (e) show the hematoma (arrow) has hypo- and 
hyperintense areas. The signal intensity characteristics are 
suggestive of the presence of hyperacute and subacute 
bleeding in the hematoma. The placenta (short arrow) is 
not previa and has normal signal intensity
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oxyhemoglobin), acute (1–3 days, intracellular 
deoxyhemoglobin), early subacute (3–7 days, 
intracellular methemoglobin), late subacute 
(≥14 days, extracellular methemoglobin), and 
chronic (>4 weeks, intracellular hemosiderin and 
ferritin) (Table 2).

MR signs of acute or recent bleeding within a 
hematoma can indicate a potentially unstable 
abruption, whereas hematomas with late sub-
acute bleeding are stable.

Areas of hemorrhage in asymptomatic women 
are felt to result from venous bleeding of a remote 
nature, and treatment would typically be 
 expectant management. Evidence of prior hem-
orrhage is not an uncommon finding in preg-
nancy, and when identified, it should be described 
in detail including multidimensional measure-
ments, location, and proximity to the umbilical 
cord insertion and cervix.

MRI is an extremely accurate exam to identify 
the origin of second- and third-trimester uterine 
bleeding with an excellent interobserver agree-
ment. With respect to US, it grants new and addi-
tional data that can influence the clinical 
management of these patients (Masselli et al. 
2011c). Obstetricians will use this information to 
determine proper clinical and sonographic 
 follow-up intervals to assess for fetal growth, 
anemia, and stress.

7  Solid Placental Masses

Solid placental masses are rare; chorioangiomas 
are the most common tumor of the placenta and 
are identified in up to 1% of all placentas evalu-
ated histologically. In up to 1:3500 births, chorio-
angiomas come to clinical attention (Sakornbut 
et al. 2007). These masses are typically >5 cm in 

size and can be associated with polyhydramnios, 
hydropic changes in the fetus, intrauterine growth 
restriction, and congestive heart failure of the fetus 
due to vascularity of the mass. Chorioangiomas 
are benign tumors that can show intratumoral 
hemorrhage. Differentiating a placental hema-
toma from a solid mass, such as a chorioangioma, 
can be accomplished using color Doppler during 
sonographic evaluation (Sinha and Kuruba 2008). 
However, masses that have undergone hemor-
rhagic infarction or thrombosis can have limited 
internal flow and remain difficult to diagnose 
(Zalel et al. 2002a, b). Chorioangiomas can be 
homogeneous and nearly isointense to placenta 
on T1- and T2-weighted images (Kawamoto et al. 
2000). They are typically round in shape and may 
protrude from the placental surface. A very subtle 
thin capsule may be identified on T2-weighted 
images which does not mimic the regular septae 
of the placenta (Fig. 11). Peripheral areas of inter-
nal hemorrhage, manifesting as T1-shortening, 
have been described in case reports (Sakornbut 
et al. 2007; Oyelese and Ananth 2006). Similarly, 
in those masses with internal infarction or hemor-
rhage, increased T2-signal and increasing hetero-
geneity of the signal intensity have been reported. 
It is important to report the presence of prominent 
vessels along the fetal surface of the mass given 
potential for hemodynamic impact on the fetus. If 
there are early signs concerning for hydrops in the 
fetus, prompt notification of the ordering provider 
is indicated.

Similar to teratomas in other tissues, placental 
teratomas can contain virtually any tissue type 
including fat, calcification, fluid, and hair. 
Although teratomas in the placenta are extremely 
rare, in case reports, pregnancy outcomes are 
typically good (Elsasser et al. 2010). Although 
fat and calcification can be readily identified 

Table 2 Signal intensities of intrauterine hematoma over time

Stages T1-weighted MR imaging T2-weighted MR imaging Diffusion-weighted MR imaging

Hyperacute Iso- to hypointense Hyperintense Hyper- to hypointense

Acute Iso- to hypointense Hypointense Hypointense

Early subacute Hyperintense Hypointense Hypointense

Late subacute Hyperintense Hyperintense Hyperintense

Chronic Hypointense Hypointense Iso- to hypointense
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sonographically, differentiation from an anoma-
lous additional gestation or fetus acardius amor-
phous can be difficult, and MRI may be requested 
if the diagnosis is uncertain. With a large field of 
view, the entire contents of the uterus can be 
readily evaluated in a single acquisition which is 
helpful in the setting of multiple gestations, 
excessive fetal movement, or unfavorable mater-

nal habitus. Acquisitions utilizing fat saturation 
for bulk fat, and opposed phase imaging to iden-
tify intravoxel fat, may be helpful in the diagno-
sis teratoma. Identification of fetal parts would 
suggest an anomalous additional gestation and 
may be more readily visible within the mass on 
T2-weighted and balanced steady-state free-pre-
cession imaging. Identification of an umbilical 
cord (absent in teratoma) can also aid in differen-
tiation (Elsasser et al. 2010).

8  MR Functional Imaging 
of the Placenta

Despite the fact that MR imaging helps delineate 
the morphologic alterations of the placenta with 
appropriate conspicuity during gestation and is of 
use in the study of placental invasion (as in pla-
centa percreta), few studies have addressed the 
functional properties of the human placental 
vasculature.

Magnetic resonance imaging requested for a 
potentially serious indication provided a unique 
opportunity to explore the intervillous circulation 
of placentas from pregnancies complicated by 
intrauterine growth restriction (IUGR) and to 
compare them to normal cases. This allowed an 
innovative characterization of in vivo utero-pla-
cental blood flow, correlating a compromised 
intervillous circulation in IUGR to the deteriora-
tion of fetal condition (Moore et al. 2000).

MR images disclosed a homogeneous perfu-
sion overall the placenta in normal cases, while 
IUGR placentas displayed a low intervillous 
blood flow, along with many patchy unperfused 
areas. Intermittent stops worsen the perfusion 
dynamics of the intervillous mostly in IUGR 
cases with an elevated ductus venosus pulsatility 
index. In IUGR placenta maternal placental blood 
flow is extremely compromised and that superim-
posed dynamic phenomena concur to worsen the 
intervillous circulation leading to an end-stage 
fetal decompensation (Brunelli et al. 2010).

However, MR evaluation of placental perfu-
sion is limited by the inability to administer 
gadolinium due to concerns for fetal safety, 
and other forms of evaluation of placental  

a

b

Fig. 11 Coronal (a) and axial (b) T2-weighted half-Fou-
rier RARE images shows a well-circumscribed mass 
(arrows) arising from the fetal part of the placenta imme-
diately adjacent to the insertion of the umbilical cord. This 
is the classic location for a chorioangioma
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perfusion, including magnetization transfer, 
have been described.

This method takes advantage of the ratio of 
bound protons to total number of protons as a 
reflection of vascular flow. Owing to the clinical 
limitations of gadolinium-enhanced perfusion 
imaging, diffusion-weighted imaging is an alter-
native technique for studying regional ischemia 
caused by an insufficient vascular supply.

Among the many causes of diffusion restriction 
in human pregnancy, hematoma and infarctions are 
most important because they lead to dysmaturity of 
the placenta, resulting in smaller diffusive conduc-
tance and restricted blood supply owing to tissue 
degeneration and scarring (Brunelli et al. 2010).

9  Future Directions

Cell-free fetal DNA is now used frequently in the 
United States as a screening test for aneuploidy. 
With the growth of this technology, several inves-
tigators have looked at using cell-free placental 
mRNA in maternal plasma to better identify 
patients with accreta requiring hysterectomy and 
also as a tool to combine with ultrasound to 
improve accuracy (Nyberg et al. 1987; Verswijvel 
et al. 2002). In the patient with risk factors for 
placental invasion, the combination of a labora-
tory serum test with ultrasound and/or MRI might 
yield the most consistent results.

Fusion of ultrasound images on MR volumes 
has been feasible for fetal antenatal evaluation in a 
study conducted by Salomon et al. (Masselli et al. 
2011c). Utilizing high-resolution ultrasound images 
with the capability of real-time color Doppler can 
help determine vascularity of structures, especially 
as gadolinium-based contrast agents are not rou-
tinely used in the setting of pregnancy. This capabil-
ity may be of particular interest in placental 
evaluation. Fetal MRI does not currently have a sig-
nificant role in the evaluation of Twin-to-twin trans-
fusion syndrome (TTTS); however, there are case 
reports of using MR-guided high-intensity-focused 
ultrasound (MR-HIFU) for ablation of the abnor-
mal vessels in TTTS (Sebire et al. 2002).

As elsewhere in the body, functional MR tech-
niques are being applied in the placenta in effort 

to better evaluate normal physiology as well as 
pathologic states. The use of diffusion-weighted 
imaging has demonstrated restricted diffusion 
and reduced ADC values in the placentas of 
fetuses with growth restriction caused by placen-
tal insufficiency (Masselli et al. 2016). Diffusion-
weighted imaging has also been proposed for the 
evaluation of placental invasion. As gadolinium-
based contrast agents are not routinely used in 
pregnancy, noncontrast flow-sensitive methods, 
such as arterial spin labeling (ASL), have been 
proposed to assess placental perfusion (Masselli 
and Gualdi 2013).

In conclusion, MRI is an excellent modality in 
the evaluation of the placenta, and knowledge of 
the MR finding of various placental pathologies 
aids radiologists in the appropriate and timely 
care of the pregnant patients.
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Hiatus/muscle/organ (HMO), 418
High-grade serous cancer

diffuse mesenterial involvement in, 295
in epithelium, 302, 304

HSG, see Hysterosalpingography (HSG)
Human chorionic gonadotropin (HCG), 290, 311
Human papilloma virus (HPV)

cervical cancer
prevalence, 118
screening test, 119
vaccination, 119

infection, 354
Human papilloma virus-positive tumors, 360
Hydropyosalpinx, 385
Hydrosalpinx, 319, 391
Hypercalcemia, 305
Hyperintense peripheral cysts, 441
Hyperprolactinemia, 439
Hypoplasia, 444
Hypoplastic T-shaped deformity, 450
Hysterectomy, 364, 477, 482
Hysterosalpingography (HSG), 441

arcuate uterus, 449
bicornuate uterus, 448
cycle considerations, 430
DES, 449
fallopian tubes, 431
limitations of, 435
pathological findings

Asherman syndrome, 432, 435
bilateral fallopian tube obstruction, 432, 433
endometrial polyps, 432, 434
SIN, 432
synechiae, 432, 434

septate uterus, 449
side effects and complications, 430–431
technical considerations, 430
uterus didelphys, 444, 445

Hysteroscopic septoplasty, 448
Hysteroscopy, cervical polyps, 171

I
Immature teratomas, 311–313
Infarcted leiomyoma, 94, 96
Infertility, evaluation of

definition, 429
fallopian tubes, disorders of, 441–442
hysterosalpingography

cycle considerations, 430
fallopian tubes, 431
limitations of, 435
pathological findings, 432–435
side effects and complications, 430–431
technical considerations, 430

MR imaging
indications, 437–438
limitations, 438
in postmenopausal women, 439
of postmenopausal women, 439

in reproductive-age women, 438
technical considerations, 438

ovulatory dysfunction, 439
pituitary adenoma, 439–440
polycystic ovarian syndrome, 440–441
sonohysterography, 435–437
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uterine disorders

adenomyosis, 450
endometriosis, 451–452
leiomyoma, 450–451
MDA (see Müllerian duct anomalies (MDAs))

Inguinal lymph node metastases, 301
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(FIGO) system, 355, 370
endometrioid carcinoma grade 1 or 2, 181
IIIC ovarian cancer, 375, 376
IVA cervical carcinoma, 360
IVA squamous cell carcinoma, 356
ovarian cancer, 298–301
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International Ovarian Tumor Analysis (IOTA)  
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Interstitial ectopic pregnancy, 393
Intraperitoneal appendices, 397
Intrauterine contraceptive device (IUCD), 384, 386
Intrauterine growth restriction (IUGR), 481
Intrauterine hematoma, 478, 480
Intravenous tissue-specific contrast agents, 373
intravenous unspecific contrast agents, 373

J
Juvenile type of granulosa cell tumor, 315

K
Krukenberg tumors, 315, 317, 318

L
Labial thrombophlebitis, 352
Leiomyomas, 171, 319, 432, 450–451

benign tumors, 78, 210
clinical presentation, 80–81
CT appearance, 101–103
degenerative changes, 80
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anechoic cystic portions and degenerative 
changes, 86

computed tomography, 88
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magnetic resonance imaging, 87–88
transvaginal ultrasound, 86, 87
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mass effect, 91
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MRI criteria, 92
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pathogenesis, 78
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pregnancy-related hemorrhagic infarction, 80
quality of life, 81
reproductive factors, 78
steroid hormones, 77
treatment

ablation, 81–82
endometrial ablation, 82
hysterectomy, 82
indications, 81
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medical therapy, 81–82
menstrual bleeding, 82
progesterone receptor modulators, 82
surgical therapy, 82–83
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vascular sign, 92

Leiomyosarcoma (LMS), 98
clinical presentation, 211
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gynaecological sarcomas, 209
imaging

characteristics features, 213, 214
cytogenetic abnormalities, 213
Doppler findings, 213
DWI sequences, 215–216
epithelioid, 215
haematogenous spread, 215
MR, 213, 214
myxoid, 215
pelvic ultrasound, 213
PET-CT, 216

incidence, 211
mesenchymal origin, 211
staging system, 212
and undifferentiated uterine sarcomas, 222

Levator ani muscle, 416, 422–423
Liver metastases

CT, 153
MRI, 153

Low-grade serous ovarian cancer, 302, 304
Lymph node imaging

in benign and malignant
CT, 373–376
MRI, 373–376

indications
ADC, 371
CT, 370, 373
DCE-MRI, 372
DW-MRI, 371, 372
MRI, 371–373
PET-CT, 371, 372
PET-MRI, 371, 372
T2-weighted MRI, 371

risk-scoring systems, 370

Lymph node metastases
cervical cancer

contrast-enhanced CT image, 157
diffusion-weighted MR imaging, 147, 149–150
FDG-PET/CT vs. DWI, 151–152
metastatic spread, 146–147
PD-TSE images, 156
probability of, 121
surgical lymphadenectomy, 146–147
T1w TSE images, 156
whole-body FDG-PET, 150–151

in endometrial cancer, 184, 204
Lymphoma, 358–359, 363–364

cervical, 171
Lynch syndrome, 289

M
Macroadenomas, 440
Maffucci’s syndrome, 314
Magnetic resonance imaging (MRI)

abdominal and pelvic examinations, 33
adenomyosis

criteria, 98–99
differential diagnosis, 101
endometrial carcinoma, 101
growth patterns, 100
imaging characteristics, 100
locations, 100

adenosarcoma, 219, 221
adnexal masses

ADNEX MR score, 276, 277
evaluating risk of malignancy, 276, 277
histopathological diagnosis, 276–284
ovarian cysts (see Ovarian cysts)
pelvic, 274–276, 285
significance of, 274
simple rules by IOTA group, 275
with ultrasonographic patterns, 274–275

arcuate uterus, 449
bicornuate uterus, 448
bowel peristalsis, 32
cervical cancer

angulated image acquisition, 128, 131
cervicitis, 171–172
coil technique, 136
vs. computed tomography, 126–127
contrast enhancement of, 130–134
diffusion-weighted imaging, 131–133
dynamic contrast-enhanced, 133, 136
ectopic cervical pregnancy, 172
endometriosis, 172
findings after chemotherapy, 159
findings after radiotherapy, 160–161, 163–165
findings after surgery, 157–159, 161–162
imaging before radiotherapy, 155–157, 160–161
indications, 125
leiomyoma, 171
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malignant melanoma, 171
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Magnetic resonance imaging (MRI) (cont.)
nabothian cysts, 169, 171
position of uterus, 128, 130
preoperative imaging, 155
protocol, 127–129, 133, 135–136
sensitivity and specificity, 125
vaginal infiltration, 128
vaginal opacification, 136–137

DES, 450
didelphys, 444–446
diffusion-weighted imaging, 36–37
dynamic contrast enhancement, 37
endometrial cancer

ADC values, 187–188
benign polyp, 187, 190
features of, 187–189
normal uterine anatomy, 187
protocol, 185–187
significance, 184–185
stage I disease, 188–195
stage II disease, 195–196
stage III disease, 197–200
stage IV disease, 197, 200–202

endometrial stromal sarcoma
high-grade, 217–219
low-grade, 217, 218
undifferentiated uterine sarcoma, 219, 220

endometriosis, 451–452
anterior rectum and sigmoid, 333, 336, 338
cecum, ileum and appendix, 333, 336, 338
checklist, 328
complications, 338
endometriotic cysts/endometriomas, 328–331
ESUR guidelines, 327
indications, 327
lateral and anterior pelvic wall, 333–337
parametrium and peritoneum, 333–337
pelvic phased-array coil, 327
posterior fornix of upper vaginal wall, 331–334
protocol, 327–328
rare localizations, 338
round ligaments, 333–337
spatial resolution, 327
types, 338
urinary bladder, 331, 332
uterine ligaments, 333–337
vaginal filling, ultrasound gel, 327
vaginal wall, 331–334
vesicouterine pouch, 331, 332

fetus development, 32
gadolinium-based contrast agents, 37–38
gradient-echo sequences, 36
hydronephrosis/renal malformations, 33
infertility, evaluation of

indications, 437–438
limitations, 438
in postmenopausal women, 439
in reproductive-age women, 438
technical considerations, 438
urinary tract abnormalities, 443

intrauterine devices, 32

leiomyomas, 451
chemical shift imaging, 93
contrast-enhanced imaging studies, 90
cystic degeneration, 94
degenerative forms, 93–95
differential diagnosis, 96–98
of diffuse leiomyomatosis, 91
diffusion-weighted, 90
dynamic multiphase contrast-enhanced, 90
expansive growth patterns, 91
gadolinium-enhanced images, 90
haemorrhagic/red degeneration, 94
histologic subtypes, 93–95
hyaline degeneration, 94
intralesional calcifications, 95
localization, 91
mass effect, 91
myxoid degeneration, 94
polyfibroid uterus, 90
rim calcification, 96
spectral fat suppression, 93
T1- and T2-weighted sequences, 89

leiomyosarcoma, 213, 214
lymph node imaging

in benign and malignant lymph nodes, 373–376
indications and value of imaging, 371–373

multiplanar high-resolution nonfat-saturated T2W 
sequences, 36

ovarian cancer, 291, 295, 296
borderline serous cystadenoma, 281
brenner tumors, 263–266
BT, 307
cystadenofibroma, 255–256
cystadenoma, 252–254
cyst with papillary projections, 279–282
dysgerminoma, 311, 312
epithelial ovarian cancer, 305
fallopian tube cancer, 319
FIGO classification system, 298–301
immature teratoma, 312
invasive cystadenocarcinoma, 282
lymphoma, 284
lymphomas, 316
mature cystic teratoma, 279
mature teratoma (see Teratoma)
multilocular cyst, 279
nonsimple cyst, 279
prediction of resectability, 301
purely solid mass, 283
recurrence, 308, 310
serous benign cystadenoma, 277, 280
sex cord-stromal tumors (see Sex cord-stromal 

tumors)
struma ovarii, 260
value of imaging, 301

ovaries
normal peri- and postmenopausal, 231
ovarian maldescent, 235–236
in reproductive age, 227–229
uterine axis and ovarian fossa, 226

patient preparation and positioning, 32–33
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pelvic floor (see Pelvic floor, MRI)
pelvic pain disorders, 382
in pelvis, 274–276, 285
phased-array coils, 32, 33
of placenta

cell-free fetal DNA, 482
cotyledons, 470, 472
diffusion restriction, 482
diffusion-weighted placental imaging, 469
drawbacks, 468
flat and smooth surface, 470, 471
gadolinium-based contrast agents, 469
GRAPPA with iPAT factor 2, 469
gravid uterus, 470
homogeneous, 470, 471
invasive placental processes, 468
IUGR, 481
myometrium, 470, 472, 473
normal placental septa, 470, 472
parameters, 468, 469
patients positioning, 468
phased-array coil, 468
placenta abruption, 477–480
placental adhesive disorders, 474–477
placental-myometrial interface, 470
placental size, 470
placenta-myometrium interface, 470
placenta variants, 470, 473–475
second trimester, 470
solid placental masses, 480–481
steady-state free-precession sequences, 468
3 Tesla (T) system, 468
third trimester, 470
T1 and T2-weighted fast spin-echo sequence, 469

in pregnancy, 32
protocols, 33–36
rectal/vaginal opacification, ultrasound gel, 32
septate uterus, 449
spasmolytic medication, 33
T1- and T2-weighted imaging, 36
unicornuate, 444
uterus didelphys, 445
vaginal and vulvar diseases, 343, 353–354

axial T1WI, 348
dynamic contrast-enhanced subtracted MR  

image, 347
fibromuscular wall, 347
primary vaginal carcinoma, 357
protocol, 346
T2WI, 347
vaginal cuff diseases, 365, 366
vaginal mucosa, 346
vulval cancer, 362–364

Magnetic resonance (MR) pelvimetry
contraindications, 459–460
last trimester with small pelvic dimensions, 460, 462
pelvimetric diameters, 460, 461
protocol, 460
RCT, 463
reference values, 463
safety issues, 459–460

secondary cesarean section and retroverted uterus, 
460–461

soft-tissue structures, 459
Magnetic resonance venogram (MRV), 394
Malignant germ cell tumors

ascites, 310
dysgerminomas, 311, 312
endodermal sinus tumors, 310, 311
immature teratomas, 311–313
malignant transformation in benign teratoma, 

312–313
Malignant melanoma, 171
Malignant teratomas, see Immature teratomas
Malignant transformation in benign teratoma, 312–313
Massive ovarian edema, 392
Mature teratoma, 313
Mayer–Rokitansky–Kuster–Hauser (MRKH) syndrome, 

350, 444
Melanoma, 357–358, 362
Mesonephric cyst, 351
Metaplasia theory, 326
Metastasis, cervix, 170
Metroplasty, 449
Michaelis’s rhomboid, evaluation of, 458
Microadenoma, 439–440
MR Adnex score, 293
MR defecography, 421, 422
MR-guided high-intensity-focused ultrasound 

(MR-HIFU), 482
Mucinous adenocarcinoma, 139, 305
Mucinous carcinomas, 180, 181
Mucinous epithelial ovarian cancer, 304
Müllerian duct anomalies (MDAs), 348

arcuate uterus, 449
axial T1-weighted sequences, 66
bicornuate, 447–448
class I anomalies (see Dysgenesis)
class II anomalies (see Unicornuate uterus)
class III anomalies (see Uterus didelphys)
class IV anomalies (see Bicornuate uterus)
class VI anomalies (see Arcuate uterus)
class VII anomalies (see DES-exposed uterus)
clinical presentations, 62–63
didelphys, 444–446
diethylstilbestrol related, 449–450
embryogenesis, 62, 63
epidemiology, 61–62
forms of, 62
hypoplasia/agenesis, 444
hysterosalpingography, 64
infertility, 61
MR imaging protocol, 65
pathology, 63–64
pregnancy loss, 62
prevalence, 61
repeated miscarriage, 62
septate uterus, 448–449
symptoms, 442–443
unicornuate, 444, 445

Müllerian organogenesis, 46
Müllerian tumour, malignant, 211
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Multidisciplinary consensus conferences (MDC), 301
Myometrial contractions, 96
Myxoid leiomyoma, 95
Myxoid leiomyosarcoma, 215

N
Nabothian cysts, 169, 171
Neisseria gonorrhoeae infection, 171, 384
Neo-adjuvant chemotherapy (NACT), 370
Nephrogenic systemic fibrosis (NSF), 38
Neuroendocrine cervical carcinoma, 140
Neuroendocrine tumors, 120

cervix, 182
endometrial, 182

Nonepithelial ovarian malignancies
malignant germ cell tumors, 310–313
ovarian lymphoma, 315–317
sex-cord stromal tumors, 314–315

Non-Hodgkin lymphoma (NHL), 363
Nonoptimally resectable ovarian cancer, 302
Non-squamous cell carcinomas

adenocarcinomas, 357
lymphoma, 358–359
melanoma, 357–358
sarcomas, 259, 358

Normal female pelvis, 344

O
Ollier’s disease, 314
Omental implants, 296
Ovarian carcinoma, 370

clinical presentation, 290
epidemiology, 288
fallopian tube cancer, 318–319
familial/hereditary, 288–289
genomic profiling, 288
imaging findings

in adnexal mass, 290
ancillary findings, 291
ascites, 297
bilateral ovarian cancer, 290, 291
calcifications in, 291, 292
CT, 291
DCE, 292
DWI, 292
MR Adnex score, 293
MRI, 291, 296
papillary projections, 291, 292
peritoneal carcinomatosis, 294–297
PET/CT, 293–294
psammoma bodies, 291
time-intensity curves, 292, 293

pathways of spread, 297–298
risk factors, 288
screening for, 289
staging of

CT and MRI, 298–301
FIGO, 298

resectability prediction, 301–302
TNM, 298

tumorigenesis of, 289
tumor markers, 290
tumor types

clinicopathological and radiological 
characteristics of, 302, 303

epithelial tumors (see Epithelial ovarian cancer)
nonepithelial (see Nonepithelial ovarian 

malignancies)
ovarian metastases, 317–318

Ovarian cysts
differential diagnosis, 384
imaging findings, 382–383
non-physiological cysts, rupture of, 382
paraovarian cysts, 248–249
PCOS (see Polycystic ovarian syndrome (PCOS))
peritoneal inclusion cysts, 249–250
physiology

classification, 247
CT and MRI, 248
differential diagnosis, 248
follicles developmental stages, 247
functional cysts, 247
prevalence, 247
transvaginal sonography, 247–248

theca lutein cysts, 250–251
value of imaging, 384

Ovarian hyperstimulation syndrome, 250
Ovarian lymphoma, 315–317
Ovarian masses, 96
Ovarian torsion

age groups, 389
causes, 389
diagnostic value, 392
differential diagnosis, 391–392
hemorrhagic infarction, 390
imaging findings, 390–391
partial or intermittent, 390
in postmenopausal women, 390
predisposing factors, 390
during pregnancy, 390
in women, 390

Ovarian vein thrombosis, 396
Ovaries

anatomical relationships, 226–227
congenital abnormalities

accessory/supernumerary ovaries, 234–235
streak gonads, 234, 236

developmental origin, 233
migration, 233–234
normal peri- and postmenopausal

in CT, 230–231
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in MRI, 231
pelvic free fluid, 231–232
stromal atrophy, 230

ovarian maldescent
associated with uterine malformation, 235, 237
in ectopic position, 235
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incidence, 235
location of, 235

pelvic free fluid, 231–232
in reproductive age

features, 227
imaging findings, 227–230
normal ovarian volume, 227

surgical transposition
differential diagnosis, 238
imaging findings, 236–238
lateral and medial, 236
sites of, 236

vascular supply, 232–235
Ovulatory dysfunction, 439

P
PAD, see Placenta adhesive disorders (PAD)
Paget disease, 360
Palpable nodule, 336
Palpation of pelvis, 459
Parametrial endometriosis, 334
Paraneoplastic syndromes, 290
Paraovarian cysts

CT and MRI imaging, 248–249
differential diagnosis, 249
features, 248
origin, 248

Para-tubal cysts, 390
PCL, see Pubococcygeal line (PCL)
Pelvic actinomycosis, 386
Pelvic congestion syndrome

asymptomatic hematuria, 394
differential diagnosis, 394–395
dilated veins, 394
imaging findings, 394, 395
obstructing anatomic anomalies, 394
pathogenesis of, 394
prevalence of, 394
value of imaging, 396

Pelvic floor, MRI
anterior compartment, 420–421
in asymptomatic females, 423–424
bony pelvis, 415
dysfunction, 408

etiology, 408
risk factors, 408

imaging techniques, 408
indications, 409
levator ani muscle, 422–423
middle compartment, 421
muscles and ligaments, 415–417
organ opacification, 440
pathological findings and grading, 418–419
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patient positioning, 440
patient preparation, 409
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reference lines, 417–418
sequence protocols

defecation disorder, 414
dynamic MRIs, 410, 411
ESUR/ESGAR, 412
midsagittal plane, 411
partial prolapse of posterior vaginal wall, 414
stool outlet obstruction, 413
T2W imaging, 410

static and dynamic MRI sequences, 408
value of MRI vs. conventional techniques, 424–425

Pelvic infection, 430
Pelvic inflammatory disease (PID), 384, 388, 393, 441
Pelvic organ prolapse (POP), 408, 409, 415, 418,  

419, 424
Pelvic pain disorders

differential diagnosis of, 381
gynecological causes of

ectopic pregnancy, 392–394
hydropyosalpinx, 385
ovarian cysts, 382–384
ovarian torsion, 389–392
PID, 384
tubo-ovarian abscess, 385–389

nongynecological causes of
appendicitis, 397–398
colonic diverticulosis, 398–399
Crohn’s disease, 401–402
epiploic appendages, 400–401
ovarian vein thrombosis, 396
pelvic congestion syndrome, 394–396
rectus sheath hematoma, 402–403

relative frequency of imaging, 382
Pelvic sidewall invasion, 300
Pelvic varices, 394, 395
Pelvic venous incompetence (PVI), see Pelvic congestion 

syndrome
Pelvic wall endometriosis, 334
Pelvimetry, 455

clinical methods of
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Michaelis’s rhomboid, evaluation of, 458
palpation of pelvis, 459

diagnosis, abnormal length of labor, 457
inadequate progression

fetal factors, 458
inefficient contraction, 458
maternal factors, 457–458

indications for
arrest of labor, 464
breech presentation, 463–464
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of, 464
spontaneous delivery, maternal preference for, 

463–464
status post pelvic fracture, 464

magnetic resonance pelvimetry
contraindications, 459–460
last trimester with small pelvic dimensions,  

460, 462
pelvimetric diameters, 460, 461
protocol, 460
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Pelvimetry (cont.)
reference values, 463
safety issues, 459–460
secondary cesarean section and retroverted  

uterus, 460–461
soft-tissue structures, 459

primary vs. secondary cesarean section, 456
RCT, 463

Perineal body, 2, 3
anatomy and clinical relevance, 26–29
connective tissue structures and muscles, 26, 27
dynamic transperineal ultrasound, 26
fibromuscular, 27
intralevatoric side, 26
rupture, 28, 29

Peritoneal carcinomatosis, 288, 294–297
characterization, 297
CT, 295
high-grade serous cancer, 295
omental implants, 296
peritoneal implants, 294, 295
peritoneal parietal and visceral surfaces, 294
PET/CT, 297
superiority of MRI, 296

Peritoneal implants, 294–296, 299
Peritoneal inclusion cysts

clinical presentation, 249
on CT, 249
differential diagnosis, 250
features, 249
on MRI, 249, 250

Peritoneal tuberculosis, 387, 388
Peritoneocele, 419, 421
Peutz-Jeghers syndrome, 119, 314
Phlegmon, 397, 399
PID, see Pelvic inflammatory disease (PID)
Pituitary adenoma, 439–440
Placenta

abruption, 477–480
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cotyledons, 470, 472
diffusion restriction, 482
diffusion-weighted placental  

imaging, 469
drawbacks, 468
flat and smooth surface, 470, 471
gadolinium-based contrast agents, 469
GRAPPA with iPAT factor 2, 469
gravid uterus, 470
homogeneous, 470, 471
invasive placental processes, 468
IUGR, 481
myometrium, 470, 472, 473
normal placental septa, 470, 472
parameters, 468, 469
pathologic conditions of, 468
patients positioning, 468
phased-array coil, 468
placenta abruption, 477–480

placental adhesive disorders, 474–477
placental-myometrial interface, 470
placental size, 470
placenta-myometrium interface, 470
placenta variants, 470, 473–475
second trimester, 470
solid placental masses, 480–481
steady-state free-precession sequences, 468
3 Tesla (T) system, 468
third trimester, 470
T2-weighted fast spin-echo sequence, 469
T1-weighted sequences, 469

Placenta accreta, 474, 476, 477
Placenta adhesive disorders (PAD), 470

dynamic contrast-enhanced imaging, 476–477
NPV, 477
placenta accreta, 474, 476, 477
placenta increta, 474
placenta percreta, 474, 476, 477
placenta previa, 473–477
PPV, 477
S1 and S2, 477
sonography vs. MRI, 477
tenting of bladder, 474
uterine bulging, 474

Placenta diffusa, 473
Placenta increta, 474
Placenta membranacea, 473
Placenta percreta, 474, 476, 477
Placenta previa, 473–477
Platypelloid pelvis, 458
Polycystic ovarian syndrome (PCOS), 266, 440–441

characteristics, 251
clinical presentations, 251
differential diagnosis, 252
in MRI, 251
ultrasound, 251

Polyps, 171
POP, see Pelvic organ prolapse (POP)
Potter’s syndrome, 314
Primary debulking surgery (PDS), 370
Primary lymphoma, 358
Primary non-Hodgkin lymphoma, 363
Primary vaginal carcinoma, 354–357

lymph node drainage, 356–357
MRI findings, 355–356
recurrence and complications, 357

Prolactinoma, 439
Prolactin-producing adenoma, 439
Prophylactic salpingo-oophorectomy, 289
Prostate, lung, colorectal, ovarian (PLCO) cancer 

screening trial, 289
Psammoma bodies, 291, 304
Pseudomyxoma peritonei with cystic peritoneal  
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Pseudo-small-bowel obstruction pattern, 308
Pubococcygeal line (PCL), 417–419, 421, 422
Puerperal ovarian vein thrombosis (POVT), 396
Pulmonary metastases, chest CT, 153
Pyosalpinx, 385
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Quantification staging system of pelvic organ prolapsed 

(qPOP), 418, 424

R
Radiation exposure, 430–431
Rapid acquisition with relaxation enhancement  

(RARE), 468
Rare benign tumors, 171
Rectocele, 419, 421
Rectus sheath hematoma, 402–403
Recurrent ovarian cancer

ascites, 308
differential diagnosis, 309
imaging findings, 308–309
lymph node metastases, 308
pelvic relapse, 308
serum tumor markers, 308
small- and large-bowel obstruction, 308
value of imaging, 309–310

Response evaluation criteria in solid tumors (RECIST) 
guidelines, 140

Retrocervical endometriosis, 337
Retrograde menstruation, 326
Retroperitoneal lymphadenopathy, 299
Retroplacental hematomas, 478
Retzius space, 420
Ruptured ovarian cysts, 391

S
Sacrouterine ligaments, 416, 421
Salpingitis, 385
Salpingitis isthmica nodosa (SIN), 432
Sarcomas, 358, 359
Sclerosing stromal cell tumors, 266
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(NHL), 363
Secondary vaginal malignancies, 359–362
Segmental omental infarction, 400
Sentinel lymph node, 123
Septate uterus, 71–72, 448–449
Serous carcinomas, 180, 181
Serous cystadenomas, 390
Sertoli-Leydig cell tumors, 266, 314–316
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Serum lactate dehydrogenase (LDH), 290
Sex cord-stromal tumors, 314–315, 318

classification, 261
components, 260–261
fibroma and thecoma, 261–262
functioning ovarian tumors, 266
sclerosing stromal tumor, 262–263

Sigmoid colon wall invasion in CT, 300
Sigmoid diverticulitis, 399
Silent killer, see Ovarian carcinoma
Single-shot fast spin echo (SSFSE), 328
Small-bowel obstruction, 308
Small-cell cervical cancer, 120

Smooth muscle tumour of uncertain malignant potential 
(STUMP), 210

Smooth muscle tumours, 210
Solid dysgerminomas, 311
Solid placental masses, 480–481
Sonography, 382, 391, 392

arcuate uterus, 449
bicornuate uterus, 448
endometriosis, 326–327
uterus didelphys, 445

Sonohysterography, 435–437
leiomyoma, 451

Sonohysterosalpingography, 430, 451
accuracy, 437
cycle considerations, 436
hydrosalpinges, 435, 437
limitations of, 437
side effects and complications, 437
technical considerations, 436–437
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Squamous intraepithelial lesion (SIL), 118
Stromal tumors, 318
Subamniotic hematomas, 478
Subchorionic hematomas, 478
Succenturiate lobe, 473
Succenturiate placenta, 473
Supplementary abdominal ultrasound, 327
Suspected appendicitis, 397
Swyer syndrome, 311
Synechiae, 432, 434

T
Teratoma, 383

age factor, 256
classification, 256
mature cystic teratoma
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CT findings, 257
differential diagnosis, 258–259
with fat, 256, 258, 259
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MRI findings, 257–258
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monodermal, 260
Theca lutein cysts

CT findings, 250, 251
development, 250
differential diagnosis, 250–251
MRI findings, 250

Thecomas, 261–262
Three dimensional dynamic contrast-enhanced  

images, 293
vaginal and vulvar diseases, 346

Thyroid hormones, 266
Tissue injury and repair (TIAR) theory, 326
TOA, see Tubo-ovarian abscess (TOA)
Transabdominal ultrasound, 436
Transient myometrial contraction, 54, 55
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Transient uterine contraction, 97
Transvaginal sonography, 436
Transvaginal ultrasound, leiomyoma, 451
Trichomonas vaginalis, 171
Tubal disorders, 441
Tuberculous peritonitis, 387
Tubo-ovarian abscess (TOA), 384, 391, 442

causes, 386
differential diagnosis, 387–388
imaging findings, 386–387
in postmenopausal women, 386
value of imaging, 388–389

Turbo spin echo (TSE), 327
Turner syndrome, 311
T1-weighted (T1WI) images, 353, 373, 386, 390, 469

Crohn’s disease, 401
ectopic pregnancy, 393
endometriosis, 328, 331, 334
epiploic appendages, 400
fastspoiled gradient-echo sequences, 460
lymph node imaging, 372
melanomas, 358
pelvic congestion syndrome, 394
rectus sheath hematoma, 402
vaginal and vulvar diseases, 346, 348

T2-weighted (T2WI) images, 349, 353, 355, 371, 385, 
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ectopic pregnancy, 393
endometriosis, 328, 332, 338
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