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Foreword

Cross-sectional imaging methods such as ultrasound, computed tomography and 
magnetic resonance imaging have a different and specifi c role in diagnostic and 
interventional imaging of the female pelvis.

Continuing technical progress in CT and MRI explains the need for a volume 
dedicated to these modalities in our series, Medical Radiology -- Diagnostic 
Imaging.

This volume offers a very comprehensive but detailed up-to-date review of our 
current knowledge in the fi eld. The very readable text is complemented by numer-
ous superb illustrations.

I am very much indebted to the editors of this book: Professor Bernd Hamm 
and Dr. Rosemarie Forstner, both internationally recognized experts in modern 
radiological imaging of the female pelvis who have lectured and published widely 
on the topic. Together, they developed the concept of this volume and judiciously 
selected the various authors of individual chapters on the basis of their outstand-
ing personal knowledge in specifi c pathological disorders.

I would like to thank and congratulate most sincerely the editors and authors 
for their superb efforts which have resulted in this excellent work.

This book will be of great value to radiologists, gynecologists and obstetri-
cians. I am also confi dent that it will meet with the same success among readers 
as the previous volumes published in this series.

Leuven Albert L. Baert
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Preface

Imaging plays an ever increasing role in the diagnostic evaluation of women 
with gynecologic disease. While ultrasonography comes to mind fi rst, computed 
tomography and, of course, magnetic resonance imaging defi nitely contribute 
important information to proper diagnosis and therapeutic decision-making. 
The focus of this book is on diagnostic imaging of the female pelvis using CT and 
MRI. We deliberately excluded ultrasonography since ample literature is already 
available on the subject. Other reasons for focusing on CT and MRI of the female 
pelvis are the different roles these two diagnostic tools play in different indica-
tions and the dramatic technical advances both modalities have seen in recent 
years.

This book is intended to provide the reader with a comprehensive review of 
the applications of CT and MRI in gynecology. While it is primarily intended for 
radiologists, both in training and in daily practice, it also addresses gynecologists 
and obstetricians. Each author has written their contribution according to their 
own “how-I-do-it” approaches. It is not meant to be encyclopedic, but rather to 
provide the reader with the current, up-to-date approaches in clinical practice.

With this practical application in mind, we arranged the chapters mainly 
according to the different disorders of the female pelvis and not with regard to 
technical aspects of the imaging modalities or strictly anatomic considerations. 
The main chapters dealing with the different disorders are preceded by an inter-
esting presentation of a new interpretation of the anatomy of the female pelvis 
and a general introduction to state-of-the-art CT and MRI techniques.

Besides presenting a kind of “cookbook” with tips on practical imaging strate-
gies and protocols, we aim to provide clear guidelines for indications and proce-
dures, including a description of important differential diagnoses and possible 
pitfalls of both imaging modalities.

In the course of working on this book, we also came to realize how diffi cult it 
may be to achieve timely publication of what constitutes the state of the art in 
this fi eld. The reader should therefore be aware that what the authors described as 
state-of-the-art while writing their chapters may already have become outdated 
by new insights at the time the book fi nally appears.

All of the co-authors have provided excellent contributions, representing their 
broad experience and the current clinical applications in their own practices. 
Without their contributions, this book would not have been possible, and we 
would like to express our deep-felt gratitude to all of them.



VIII Preface

We also wish to thank the co-workers of Springer-Verlag for their cooperation 
in preparing this book.

It is our hope that this book will prove useful to all our colleagues interested 
in CT and MRI of the female pelvis and that our patients may benefi t from an 
optimal use of these diagnostic tools.

Berlin Bernd Hamm
Salzburg Rosemarie Forstner
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This chapter is dedicated to my friend Harald 
Hötzinger who was an excellent radiologist 
and a good co-worker.

1.1 
Introduction

The pelvic fl oor constitutes the caudal border of the 
human’s visceral cavity. It is characterized by a com-
plex morphology because different 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 fundamental mech-
anisms of urogenital dysfunction and treatment.

Modern imaging techniques are used for the diag-
nosis of pelvic fl oor or sphincter disorders. Further-
more, they are employed to determine the extent of 
pelvic diseases and the staging of pelvic tumors. In 
order to be able to recognize the structures seen on 
CT and MRI as well as on dynamic MRI, a detailed 
knowledge of the relationship of the anatomical enti-
ties within the pelvic anatomy is required.

The Terminologia Anatomica [15] contains a mix-
ture 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 defi ned and il-
lustrated (see Table 1.1).

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 re-
quirements: 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 
compartment can only be found in the latter. The 

H. Fritsch, MD
Professor, Division of Clinical and Functional Anatomy, 
Department of Anatomy, Histology and Embryology, 
Medical University of Innsbruck, Müllerstrasse 59, 6020 Inns-
bruck, Austria



2 H. Fritsch

Table 1.1. Box of terms and defi nitions

Term Figure Terminologia Anatom-
ica (TA)

Clinical 
term

Defi nition Renaming 
(accord-
ing to our 
results)

Exis-
tence

English Latin

1. 
Anococcy-
geal body

Anococcy-
geal body; 
anococcy-
geal liga-
ment

Corpus 
anococ-
cygeum; 
corpus 
anococ-
cygeum

– TA: The term corpus, rather 
than ligamentum, is used in 
TA because it is a stratifi ed 
non-ligamentous structure in 
which fl eshy muscle attach-
ments underlie a tendon

Not 
necessary

 +

2. 
Perineal 
body

Perineal 
body

Corpus 
perineale; 
centrum 
perinei

– TA: The perineal body is 
fi bromuscular rather than 
tendinous and quite unlike 
the centrum tendineum of the 
diaphragm
Our option: The perineal 
body itself is tendinous, nev-
ertheless it cannot be com-
pared with the fl at centrum 
tendineum of the diaphragm

Though 
tendinous, 
not neces-
sary

 +

3. 
Perineal 
membrane

Perineal 
membrane

Mem-
brana 
perinea

– Dense connective tissue 
between external urethral 
sphincter (and transverse 
perineal muscle in male) and 
pubic bone

Not 
necessary

 +

4. 
Anorectum

Rectum 
and anal 
canal

Rectum 
et canalis 
analis

Ano rec-
tum

Our option: The clinical term 
includes both, the rectum and 
the anal canal, not taking into 
account that they are of dif-
ferent origin

Necessary 
to pick up 
in TA

 +

5. 
Presacral 
(sub)com-
part ment

– – – Our option: Small space be-
tween presacral fascia and 
sacral and coccygeal vertebrae 
containing vessels

Necessary 
to pick up 
in TA

 +

6. 
Presacral 
fascia

Presacral 
fascia

Fascia 
presacra-
lis

Waldeyer’s 
fascia (?)

Caudal part of the parietal 
pelvic fascia

 +
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Term Figure Terminologia Anatom-
ica (TA)

Clinical 
term

Defi nition Renaming 
(accord-
ing to our 
results)

Exis-
tence

English Latin

7. 
Perirectal 
compart-
ment

– – Mesorec-
tum

Our option: Compartment 
fi lled by the rectal adventitia 
including nerves, vessels, 
lymph nodes

Necessary 
to pick up 
in TA

 +

8. 
Rectal 
fascia or 
“Grenz-
lamelle”

– – Waldeyer’s 
fascia (?)

Our option: Outer connective 
tissue lamella of the rectal 
adventitia, bordering the 
perirectal compartment

Necessary 
to pick up 
in TA

 +

9. 
Inferior 
hypogastric 
plexus

Inferior 
hypogas-
tric plexus; 
pelvic 
plexus

Plexus 
hypo-
gastricus 
inferior; 
plexus 
pelvicus

Pelvic 
plexus

Autonomic nerve plexus 
within the recto-uterine or 
recto-vesical fold

Exclusive-
ly into the 
old and 
clinical 
term: 
pelvic 
plexus

 +

10. 
Uterosacral 
ligament

Uterosacral 
ligament 
or recto-
uterine 
ligament

Li. rec-
touteri-
num

– Dense connective tissue run-
ning from the edges of the 
cervix uteri to the region of 
the sacrospinous ligament, 
then ascending and joining 
the pelvic parietal fascia

Exclu-
sively into 
the utero-
sacral 
ligament

 +

11. Rec-
tovaginal 
fascia

Rectovagi-
nal fascia; 
rectovagi-
nal septum 
(female)

Fascia 
recto-
vaginalis; 
septum 
rectovagi-
nale

– Our option: Plate of dense 
connective tissue, smooth 
muscle cells and nerves, local-
ly arranged between rectum 
and vagina

Exclu-
sively into 
the term 
rectovagi-
nal/rec-
togenital 
septum

 +
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Term Figure Terminologia Anatom-
ica (TA)

Clinical 
term

Defi nition Renaming 
(accord-
ing to our 
results)

Exis-
tence

English Latin

12. Anal 
sphincter 
complex

– – – Includes all muscle layers 
of the anal canal: internal 
(smooth) sphincter, longitudi-
nal (smooth) muscle, external 
(striated) sphincter

Necessary 
to pick up 
in TA

 +

13. Pu-
bovesical 
ligament

Medial 
pubovesical 
ligament, 
pubovesi-
calis, lateral 
pubovesical 
ligament

Lig. 
mediale 
pubovesi-
cale, m. 
pubovesi-
calis, lig. 
laterale 
pubovesi-
calis

– Most confusing structure!
Our option: there is only 
one structure running from 
the pubic bone to the vesical 
neck. It mainly consists of 
smooth muscle cells inter-
mingled with strands of dense 
connective tissue

Exclu-
sively into 
the term 
pubovesi-
cal muscle

 +

14. Levator 
ani muscle

Levator ani M. levator 
ani

– Muscle that constitutes the 
main part of the pelvic dia-
phragm and is composed of 
the Mm. pubococcygei, ilio-
coccygei, and puborectales of 
each side

 +

15. Tendi-
nous arch 
of the pel-
vic fascia

Tendinous 
arch of 
the pelvic 
fascia

Arcus 
tendineus 
fasciae 
pelvis

– Our option: This structure 
originates from the pubic 
bone laterally, it is connected 
with the superior fascia of the 
pelvic diaphragm “white line” 
laterally and with the pubo-
vesical ligament medially. 
It may falsely be called Lig. 
laterale puboprostaticum or 
Lig. laterale pubovesicale

 +

Table 1.1. Box of terms and defi nitions (Continued)
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Term Figure Terminologia Anatom-
ica (TA)

Clinical 
term

Defi nition Renaming 
(accord-
ing to our 
results)

Exis-
tence

English Latin

16. Para-
visceral fat 
pad

– – – Our option: Fat pad at the 
lateral side of the bladder that 
develops in situ. Functionally 
necessary for the movements 
of bladder

Necessary 
to pick up 
in TA

 +

17. Broad 
ligament 

Broad liga-
ment of the 
uterus

Lig. latum 
uteri

– Peritoneal fold between the 
uterus and the lateral wall of 
the pelvis

 +

18. Recto-
uterine fold

Recto-uter-
ine fold

Plica 
recto-
uterina

– Peritoneal fold passing from 
the cervix uteri on each side 
of the rectum to the posterior 
pelvic wall

 +

19. Recto-
uterine 
pouch

Recto-uter-
ine pouch

Excavatio 
rec-
touterina

Space of 
Douglas

Deep peritoneal pouch situat-
ed between the recto-uterine 
folds of each side

 +

20. Vesico-
uterine fold

Vesico-
uterine fold

Plica vesi-
couterina

– Peritoneal fold between blad-
der and uterus on each side

 +

21. Vesico-
uterine 
pouch

Vesico-
uterine 
pouch

Excavatio 
vesi-
couterina

– Slight peritoneal pouch be-
tween the vesico-uterine folds 
of each side

 +

22. Trans-
verse 
cervical 
ligament 
or cardinal 
ligament

Transverse 
cervical 
ligament, 
cardinal 
ligament

Lig. trans-
versum 
cervicis, 
lig. cardi-
nale

Cardinal 
ligament

Connective tissue structures 
that should extend from the 
side of the cervix to the lat-
eral pelvic wall
Our option: The cardinal liga-
ment does not exist

Necessary 
to omit

 0

23. Meso-
salpinx

Mesosal-
pinx

Mesosal-
pinx

Identical Double fold of peritoneum at 
the upper margin of the broad 
ligament

 +

24. Mes-
ovarium

Mesovar-
ium 

Mesovar-
ium

Identical Double fold of peritoneum 
attached at the dorsal portion 
of the broad ligament

 +

25. Meso-
metrium

Mesome-
trium

Mesome-
trium

– So-called meso of the uterus, 
greatest portion of broad 
ligament

According 
to Höckel 
is mor pho-
genetic unit 
of cer vix 
and pro xi-
mal vagina. 
Necessary to 
redefi ne

 +



6 H. Fritsch

term “compartment” is routinely used by radiologists 
and all surgeons operating on the pelvic fl oor. 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, rectovaginal, retropubic, 
paravesical, etc. [35, 43, 56]. From the point of view 
of the surgeon, “spaces” are empty [45]. They are 
only fi lled 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 ac-
count that a compartment may be fi lled by different 
tissue components [19].

Within the following chapter we fi rst present the 
posterior compartment and then the anterior one. 
This is in accordance with the viewpoint of the radi-

ologists 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 bor-
ders of the different pelvic compartments and what 
do we know about their content?

Posterior compartment

The borders of the posterior compartment are 
the skeletal elements of the sacrum and the coccyx 
dorsally. They are completed by the anococcygeal 
body (see Table 1.1) dorsocaudally and by the com-
ponents of the levator ani muscle laterally and cau-
dally (Fig. 1.1a). The rectovaginal fascia constitutes 
an incomplete border ventrocranially. The ventro-
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caudal border is composed of the perineal body (see 
Table 1.1). The only organ of the posterior compart-
ment is the anorectum (see Table 1.1) (Fig. 1.1a,b). 

Anterior compartment 

The borders of the anterior compartment are the 
pubic symphysis ventrally, the components of the 
levator ani muscle laterally (Fig. 1.1b) and the peri-
neal membrane (see Table 1.1) caudally. There is no 
distinct border between the anterior and middle 
compartment in the female. The contents of the 
anterior compartment are bladder and urethra 
(Fig. 1.1b).

Middle compartment

The borders are the components of the levator ani 
muscle laterally and the perineal body caudally 
(Fig. 1.1b). No distinct borders can be described ven-
trally, whereas the rectovaginal fascia/septum con-
stitutes the dorsal border. The middle compartment 
contains the female genital organs that are arranged 
in a more or less coronal plane. In more detail the 
ovaries, the uterine tubes, the uterus and the vagina 
are situated in this compartment (Fig. 1.1a).

Perineal body

The perineal body is part of the perineum. It is situ-
ated 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.

1.3 
Compartments

1.3.1 
Posterior Compartment

1.3.1.1 
Connective Tissue Structures

In macroscopic dissection of embalmed cadavers it 
is nearly impossible to distinguish subcompartments 
within the connective tissue of the posterior com-
partment. Our comparative study of adult and fetal 
pelves shows that two subcompartments can be dis-
tinguished within the posterior compartment:

A small presacral subcompartment (see Table 1.1) is 
situated in front of the sacrum and coccyx. It is bor-
dered by the caudal segments of the vertebral column 
dorsally and ventrolaterally, it is clearly demarcated 
by the pelvic parietal fascia (see Table 1.1) (Fig. 1.2), 
which is called presacral fascia (see Table 1.1) at this 
position. In fetuses, the presacral subcompartment 
contains loose connective tissue, but it is predomi-
nated by large presacral veins. 

The major part of the posterior pelvic compart-
ment is fi lled by the anorectum and its accompanying 
tissues, constituting the perirectal subcompartment 
(see Table 1.1). This perirectal tissue is identical with 
the rectal adventitial tissue [17, 24] (see Table 1.1), 
which develops along the superior rectal vessels. In 
the adult, it mainly consists of adipose tissue subdi-
vided by several connective tissue septa (Fig. 1.3a, b). 
Within this perirectal tissue the supplying structures 
of the rectum are enclosed: the superior rectal ves-
sels, stems and branches, the branches of the variable 
medial rectal vessels, rectal nerves and rectal lym-
phatics, 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 [40, 50].

The rectal adventitia develops from a layer of con-
densed mesenchymal tissue, which – later on – forms 
a dense connective tissue in fetuses (Fig. 1.3c). In the 
newborn child it is remodeled by small fat lobules oc-
curring between the connective tissue lamellae. The 
outer lamella covers the perirectal subcompartment 
and is called “rectal fascia” [17, 23] or “Grenzlamelle” 
[49, 50] (see Table 1.1). It constitutes the morphologi-
cal border of the perirectal subcompartment. The 
craniocaudal extent of the perirectal subcompart-
ment depends on the branching pattern of the supe-
rior 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 connec-
tive tissue lamellae. As can be seen in sagittal sections 
the extent of the perirectal subcompartment decreas-
es in size in a craniocaudal direction (Fig. 1.2c). 

What is situated outside the rectal fascia and there-
fore outside the perirectal subcompartment? Dorsal-
ly, the presacral subcompartment is loosely attached 
to the perirectal compartment (see above). Later-
ally the supplying structures (autonomic nerves and 
branches of the iliac vessels) of the urogenital organs 
constitute a nerve-vessel plate (Fig. 1.3c). The latter 
is accompanied by connective tissue and fi lls the re-
maining space between the perirectal compartment 
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and the lateral pelvic wall. In the female, the nerves 
of the inferior hypogastric plexus (see Table 1.1) are 
attached to the uterosacral ligament (see Table 1.1) 
that is directly situated between the rectal fascia and 
the inferior hypogastric plexus (Fig. 1.3a,c) [18].

The ventral border of the perirectal compartment 
represents the border between posterior and middle 
compartment. It differs in a craniocaudal direction, i. 
e. to the peritoneum of the recto-uterine 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 [1, 24, 36] a two layered recto-

vaginal fascia/septum (see Table 1.1) develops in the 
female and is identical to the male’s rectoprostatic fas-
cia/septum or Denonvillier´s fascia [53]. At a level with 
the anorectal fl exure, additional bundles of longitudi-
nal smooth muscles are situated at the anterior rectal 
wall forming the muscular portion of the rectovaginal 
fascia ventrally (Fig. 1.4). The smooth muscle bundles 
are accompanied by nerves, some of them crossing the 
midline and they are connected to the smooth mus-
cle layer of the rectal wall. Caudally these additional 
smooth muscle bundles are attached to the connective 
tissue of the perineal body (Fig. 1.4). 

Fig. 1.2a–d. Presacral space (arrows). a Axial section (500 m) of an adult. 
×4.  b Sagittal section (400 m) of a 24-week-old female fetus. ×9.  c Sagit-
tal section (5 mm) of an adult female. ×0.45.  d Mid-sagittal MR image of 
an adult female. r, rectum

a

db c
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Fig. 1.3a–c. Perirectal tissue (asterisks). a 
Axial section (5 mm) of an adult female. 
×0.45.  b Axial MR image of an adult fe-
male. c Axial section (400 m) of a 24-
week old female fetus. ×5. nvp, nerve 
vessel plate; r, rectum

Fig. 1.4. Rectovaginal 
fascia (arrows). Axial 
section (400 m) of 
a 24-week-old female 
fetus. X 28. v, Vagina; r, 
rectum

a

b

c
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1.3.1.2 
Muscles

Within the posterior pelvic compartment all compo-
nents of the levator ani muscle are to be found: the 
pubococcygeus muscles and the iliococcygeus mus-
cles constitute an irregular plate and insert into the 
coccyx where they overlap each other in a staggered 
arrangement (Fig. 1.5). The inferior component, the 
puborectalis muscles, do not insert into any skeletal 

structure. Behind the rectal wall the fi ber bundles of 
each puborectalis muscle criss-cross, thus constitut-
ing a muscular sling around the anorectal fl exure 
(Fig. 1.6). In the craniocaudal direction the pubococ-
cygeus muscle and the puborectalis muscle are more 
or less continuous. In sectional anatomy they can be 
differentiated by the different directions of their fi ber 
bundles, those of the pubococcygeus taking a slightly 
descending course, those of the puborectalis exclu-
sively situated in the horizontal plane. The different 

Fig. 1.5a–c. Levator ani muscle (arrows). a Axial section (5 mm) of an adult female. ×0.6.  b Parasag-
ittal MR image of an adult female. c Sagittal section (5 mm) of an adult female. ×1.0.  isc, ischiococ-
cygeal muscle; if, ischioanal fossa; ilc, iliococcygeal muscle; pc, pubococcygeal muscle

a b

c
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components of the levator ani muscle can already be 
distinguished in early fetal life [21]. Sexual differ-
ences found in the levator ani muscle of the adult are 
already marked in late fetal life: the levator ani consti-
tutes 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. 1.6b). 
This is particularly true of its puborectalis portion.

The puborectalis muscle is continuous with the 
external anal sphincter caudally (Fig. 1.7). 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.

Fig. 1.6a–c. 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 m) 
of a female newborn specimen. ×4. u, urethra; v, vagina; r, rectum

a b

c
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Fig. 1.7a,b. Computer-assisted reconstructions of a female fetus. a Oblique ventrolateral view. b Descending dorsoventral view. v, va-
gina; lm, longitudinal muscular layer; pr, puborectalis muscle; eas, external anal sphincter; is, internal sphincter; pbo, pubic bone

a b

The sphincter ani externus is the outer part of the 
anal sphincter complex (see Table 1.1). The other 
components are the smooth internal sphincter and 
the longitudinal muscle layer of the anorectum, the 
latter is interposed between the sphincters. Whereas 
macroscopically the external anal sphincter presents 
itself as a continuous sheet covering the anal canal 
(Fig. 1.8a), it can be subdivided into a deep, anorec-
tal portion and a superfi cial, subcutaneous portion 
in sectional anatomy (see Fig. 1.8b). This deep por-
tion is a clearly demarcated layer of circularly ar-
ranged striated muscle fi bers; the superfi cial portion 
is characterized by an intermingling of the striated 
muscle fi bers with the smooth longitudinal muscle 
(also called “intersphincteric space”). The form of 
the external anal sphincter can be best studied in 
three dimensional reconstructions of histological 
or anatomical orthogonal sections [20]: At an ano-
rectal level above the perineum where the external 
anal sphincter is continuous with the puborectalis 
muscle dorsally (Fig. 1.8c), 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 com-
plete ventrally (see Fig. 1.15a), but it turns inwards 
and forms a muscular continuum with the smooth 
internal sphincter and the longitudinal muscle dor-
sally. As can be seen from the fetal sections, sexual 
differences in the anal sphincter complex are already 
present prenatally: the sphincter complex as a whole 
is thicker in the male than in the female, the anterior 
portion, however, is thick in the female and thinner 
and more elongated in the male. 

1.3.1.3 
Reinterpreted Anatomy and Clinical Relevance

The posterior compartment is predominated by the 
rectum and its surrounding connective tissue. The 
morphological demarcation of this compartment is 
formed by the rectal fascia. In CT the rectal fascia 
may be discriminated as a slightly hyperdense sheath 
[27, 47] and in MRI it is visible as a thin, hypointense 
structure. It is important for the diagnosis and staging 
of rectal tumor [4, 7, 28]. According to our results the 
macroscopic borders of the perirectal compartment 
are clearly demarcated in the adult female where the 
sacrouterine 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 differ-
ent fi lling volumes of the rectum and constitutes a 
gliding sheath for the movements of that organ. In 
contrast to prior literature [43, 46] we did not fi nd any 
ligament or even ligamentous structures binding the 
rectum to the lateral pelvic wall. Thus, there is neither 
a “rectal stalk” nor a dense “paraproctium”.

The most common surgically correctable cause of 
fecal incontinence in woman is childbirth with injury 
of the sphincter. External sphincter injuries occur in 
6%–30% of woman [51]. It should be differentiated be-
tween complete or incomplete sphincter disruptions. 
Our morphological investigation [20] 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 pelvic radiolo-
gists and surgeons to identify these structures and, if 
possible, to reconstruct them in a meticulous way.
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Fig. 1.8a–c. Anal sphincter complex. a Macroscopic preparation of an 
adult female with anococcygeal body (asterisks). b Sagittal section 
(500 m) of a 20-week-old female fetus with deep (arrows) and super-
fi cial (arrowheads) portion. X 10. c Axial section (5 mm) of an adult 
female, fusion of the external sphincter (arrow) and the puborectalis 
(arrowhead). ×0.6

a b

c

Rectoceles are hernial protrusions of the anterior 
rectal wall and the posterior vaginal wall into the va-
gina and/or throughout the vaginal introitus. The size 
of the rectocele does not correlate with symptoms and 
it is often diagnosed in a population without symp-
toms. Trauma or obstetrical injuries weaken the recto-
vaginal fascia/septum. Rectoceles occur with laxity of 
the connective tissue in advancing years, multiparity, 
poor bowel habits, perineal relaxation and increased 
intra-abdominal pressure in constipation [31, 59]. In 
the successful repair of a rectocele the rectovaginal fas-
cia/septum seems to be the key structure [8, 44].

1.3.1.4 
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.)

●
●
●
●
●
●
●
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1.3.2 
Anterior Compartment

1.3.2.1 
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 fi xation of the bladder 
or the urethra. Ventrally a cord can be identifi ed. It takes 
an ascending course from the pubic bone to the neck 
of the bladder and it is usually called the pubovesical 
ligament (see Table 1.1) (Fig. 1.9a). It is connected to 
the tendinous arch of the pelvic fascia (see Table 1.1). 
Together, both structures incompletely subdivide the 
retropubic region into a prevesical subcompartment 
and a preurethral subcompartment. From the com-
parative sectional study of fetal and adult pelves we 
learned the detailed composition of the connective tis-
sue structures within the anterior compartment.

With the exception of its neck and its posterior wall 
the bladder is covered by adipose tissue (Fig. 1.9b). 
The latter constitutes a semicircular pad that fi lls the 
gap between the lateral pelvic wall and the ventral 
and lateral wall of the bladder. The fat pad is not sub-

divided by ligaments or any other dense connective 
tissue septa, but sometimes may be crossed by vari-
able branches from the obturator vessels. It develops 
in situ (Fig. 1.9c) from a large paravisceral fat pad (see 
Table 1.1) in human fetuses [22] and neither contains 
large vessels, nerves nor lymphatics. The latter derive 
from the internal iliac vessels and join the dorsolateral 
edge of the bladder. Their branches, which are always 
accompanied by a sheath of dense connective tissue, 
embrace the bladder and urethra. Thus nerves, vessels 
and lymphatics are directly situated 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 compart-
ment and their caudal border abuts the levator ani lat-
erally and the pubovesical or puboprostatic ligament 
ventrally. Thus they are not part of the preurethral 
subcompartment that is fi lled by connective tissue ac-
companying the deep dorsal vessels of the clitoris.

Within the anterior compartment two structures 
are found that are composed of dense connective 
tissue: the tendinous arch of the pelvic fascia that 
originates from the pubic bone and that is connected 
to the pelvic parietal fascia covering the levator ani 
muscle on its visceral side (superior fascia of the 
pelvic diaphragm; see Table 1.1) and the semicircu-
lar fi brous sheath that covers the ventral and lateral 

Fig. 1.9a–c. Anterior compartment. a Macroscopic preparation 
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 m) of a 24-week-old 
female fetus with the developing paravisceral fat pad (aster-
isks). ×8.  b, bladder; u, urethra; pbo, pubic bone; oi, obturator 
internus muscle

a

c

b
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wall of the bladder and the urethra. As the sheath is 
strong ventrally it can be considered as an incom-
plete ventral vesical or urethral fascia. Whereas the 
ventral vesical fascia has absolutely no fi xation to the 
lateral pelvic wall, at a level of the urogenital hiatus 
the ventral urethral fascia, but not the urethra [37], 
is attached to the fascia of the levator ani muscle lat-
erally (Fig. 1.10a). Thus, within the hiatus a fi brous 
bridge connects the fasciae of the levator ani muscles 
of both sides. To summarize: the fi brous structures 
of the anterior compartment build up a hammock-
like [12] construction for bladder and urethra. These 
fi ndings can most clearly be shown in fetuses and 
are matching but not so evident in the adult. It is 
important to know that there is absolutely no kind 
of a lateral bony fi xation for bladder or urethra. In a 
dorsocranial direction, the ventral fascia of bladder 
and urethra is continuous with the connective tissue 
sheath of the internal iliac vessels. Ventrally, the ham-
mock-like construction is indirectly fi xed to the pu-

bic bone by means of the tendinous arch and by the 
so-called pubovesical ligament (Fig. 1.10b–d). The 
latter is composed of cholinergic innervated smooth 
muscle cells [57] and is connected to the vesical neck 
cranially (see above).

An additional fi brous structure can be found to 
close the hiatus ventrally: a plate of dense connective 
tissue fi lls the space between pubic bone and urethral 
sphincter, thus constituting the perineal membrane 
(Fig. 1.11a). 

1.3.2.2 
Muscles

The striated muscles of the anterior compartment 
are the ventral parts of the levator ani muscle (see 
Table 1.1), i.e. the pubococcygeus and puborectalis 
muscle of each side. As they are covered by the supe-
rior fascia of the pelvic diaphragm, they are clearly 
separated by the adjacent organs (Fig. 1.10a,d and 

Fig. 1.10a–d. Anterior compartment and the so-called ligaments of the urethra. a Axial section (400 m) 
of a 24-week-old female fetus with the semicircular urethral sheath (arrows). ×12.  b Sagittal section 
(500 m) of a 13- to 14-week-old female fetus with the pubovesical ligament (white spots) and the 
origin of the tendinous arch (arrowhead). ×25.  c Axial section (400 m) 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

c d
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Fig. 1.11a) and the external urethral sphincter. As has 
been reported previously [37], this muscle is horse-
shoe- or omega-shaped during fetal development 
and incompletely covers the urethra (Fig. 1.11). The 
dorsal ends of this muscle are connected by a plate 
of dense connective tissue that is small in the female 
where it is fi rmly attached to the ventral wall of the 
vagina (Figs. 1.10d, 1.11a). Whereas most of the fi bers 
of the external urethral sphincter run semicircular, 
the most caudal fi bers nearly run in a transverse 
plane. This portion predominates in the male and 
therefore has been considered as the male’s deep 
transverse perineal muscle. However, it does not ex-
ist in the female [42].

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

1.3.2.3 
Reinterpreted Anatomy and Clinical Relevance

The extent of the fat pad described here is identical 
to the anterior portion of the paravisceral space as 
reported by Gasparri and Brizzi [25]. It is obvious 
that the main function of the semicircular, paravis-
ceral fat pad is to constitute a gliding pad for the 
bladder [33]. The fat pad accompanies the bladder 
whenever moving.

Dorschner et al. [14] pointed out the fact that the 
smooth muscle bundles of the pubovesical ligaments 
are continuous with longitudinal muscle fi bers 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 
autonomic nerves outside the ventral wall, which we 

think work in functional coactivity to the longitudi-
nal internal bundles [1]. Nevertheless, it seems to be 
sure that the function of the so-called pubovesical 
ligaments which receive a presumptive cholinergic 
innervation [57] is not fi xing the urethra to the pubic 
bone but maintaining its position relative to the bone 
during micturition [26]. In contrast the contraction 
of the levator ani muscle and the external urethral 
sphincter leads to a narrowing of the preurethral 
space and to an ascending movement of the urethra 
as can be seen in dynamic MRI [16, 48]. 

Due to our results that in principle support the 
hammock hypothesis of DeLancey [12], an opera-
tive “refi xation” of the urethra and the bladder neck 
should result in an ascending dorsocranial traction 
(nerve guiding plate), as well as a descending ventro-
caudal traction (tendinous arch of the pelvic fascia). 
Though there are innovative ideas regarding the sur-
gical reconstruction of the female urinary tract [55], 
most procedures are not performed according to the 
morphological needs, because they mostly consider 
only one part of the so-called fi xation system. 

1.3.2.4 
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.)

●
●
●
●
●
●
●
●

Fig. 1.11a,b. External urethral sphincter (asterisks). a Axial section (400 m) of a 24-week-old female fetus, embedded in the 
transverse perineal membrane. ×9.  b Computer-assisted three-dimensional reconstruction of a female fetus. pbo, pubic bone; 
u, urethra

a
b
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1.3.3 
Middle Compartment

1.3.3.1 
Connective Tissue Structures

In macroscopic dissections of the adult female pelvis 
it is impossible to isolate ligaments fastening the cer-
vix uteri or the vagina to the lateral pelvic wall and 
thus separating the middle compartment from the 
anterior or the posterior one laterally. In a refi ned 
macroscopic dissection performed with a binocular 
dissecting microscope it is possible – as well as in any 
other part of the pelvic subperitoneal tissue – to iso-
late connective tissue septa within the adipose tissue 
surrounding uterus and vagina [9, 10]. Our study of 
female fetal and adult pelvic sections reveals the true 
nature of the connective tissue structures surround-
ing uterus and vagina. The only connective tissue 
belonging to the middle compartment accompanies 
the vessels of uterus and vagina thus running paral-
lel to the lateral walls of these organs. In fetuses, the 
connective tissue is still loose and without a differ-
entiated structure, in the adult it mainly consists of 
adipose tissue with regular connective tissue septa 
(Fig. 1.12a–d) and it is continuous with the broad lig-
aments (see Table 1.1) laterally. The paracervical con-
nective tissue abuts to the paravesical adipose tissue 
laterally and the paravaginal connective tissue abuts 
to the pelvic parietal fascia caudally (Fig. 1.12a,b). 
The broad ligaments themselves are part of the recto-
uterine and the vesico-uterine folds (see Table 1.1) 
that tangentially cover the anterior and posterior 
uterine walls [18]. Apart from dense subperitoneal 
connective tissue that covers the recto-uterine pouch 
(see Table 1.1) (Fig. 1.12e) and mainly consists of col-
lagenous fi bers, no supportive ligaments are found 
for the female fetal uterus. In the adult, this condensa-
tion of subperitoneal connective tissue has developed 
to the uterosacral ligaments (see Table 1.1). They are 
visible in the transparent sections as well as on MRI 
and form semicircular cords varying in thickness 
individually. They originate from the lateral margin 
of the cervix uteri and the vaginal vault and course 
dorsocranially where they are connected to the pelvic 
parietal fascia covering the sacrospinous ligaments 
and the sacrum. As they are part of the recto-uter-
ine ligaments they cover the perirectal tissue later-
ally. Our study undoubtedly confi rmed the existence 
of the round ligaments as well as their course and 
their components. However, ligamentous structures 
constituting cardinal or transverse ligaments (see 

Table 1.1) [34, 38] that are to be supposed to fasten 
the cervix uteri and the vaginal vault with the lateral 
pelvic wall can not be found in the adult pelvis. Our 
fi ndings that have been taken from anatomic sections 
of elder specimens unrestrictedly correlate with the 
results of the MRI taken from young adult female 
pelves (Fig. 1.13). 

Subperitoneally, the middle compartment and its or-
gans abut the anterior compartment ventrally. This area 
is predominated by the dense connective tissue bridge 
intimately connecting the ventral vaginal wall with the 
dorsal urethral wall (Fig. 1.12b) (see also Sect. 1.3.2).

Dorsomedially, the middle compartment abuts the 
posterior compartment. The border between these 
compartments is demarcated by the rectovaginal 
fascia/septum (see also Sect. 1.3.1), that is composed 
of dense connective tissue, elastic fi bers [44] 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 1.1; 
broad ligament). Each tube is attached on its inferior 
surface to a double fold of peritoneum called mesosal-
pinx (see Table 1.1). The lateral and superior part of the 
tube is the ampulla that opens into the funnel-shaped 
infundibulum with its fi mbria at the abdominal orifi ce. 
The ovaries 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 1.1). The latter 
is attached to the broad ligament posteriorly. Behind 
the ovarian fossa are extraperitoneal structures, espe-
cially the ureter and the internal iliac vessels as well as 
the origin of the uterine artery (Fig. 1.14).

1.3.3.2 
Muscles

The middle compartment does not have any specifi c 
striated muscles. The lateral vaginal wall comes in 
close contact to the puborectalis portion of the leva-
tor ani muscle. Both structures are always separated 
by the superior fascia of this muscle (Fig. 1.6b).

1.3.3.3 
Reinterpreted Anatomy and Clinical Relevance

Though there are a lot of anatomical and clinical 
terms describing the tissue surrounding uterus and 
vagina, neither their defi nitions nor their origins 
are clear. The mesometrium (see Table 1.1) for ex-
ample may be considered to be the largest part of the 
broad ligament extending from the pelvic fl oor to the 
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uterine body enclosing the uterine artery or the con-
nective tissue lying directly beneath the peritoneal 
covering of the uterus. As has been re-emphasized 
by Höckel et al. [29] the knowledge of the pos-
sible extent of local tumour spread is essential for 
the planning of surgery and radiotherapy, especially 
in the female pelvis. Like the posterior compart-
ment with its mesorectum, the “mesometrium” (see 
 Table 1.1) has been redefi ned and was identifi ed to 

be the anatomical territory derived from common 
precursor tissues. Thus a new operation technique 
was proposed to operate carcinoma of the uterine 
cervix (stages IB–IIA). It is termed total mesometrial 
resection and is identifi ed as the morphogenetic unit 
for the cervix and the proximal vagina including its 
neurovasculature. 

Surgical techniques for the fi xation of uterus and 
vagina are numerous. They all depend on the idea 

Fig. 1.12a–e. Paracervical and paravaginal tissue. a Axial section (400 m) of a 24-week-old female fetus at a level with the 
recto-uterine pouch covered by dense connective tissue (arrow). ×8.  b Axial section (400 m) of the same fetus at a level with 
the vagina embedded in loose paravaginal tissue. Vagina and urethra are intimately connected. ×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 fi bers constituting the subperitoneal part of the uterosacral ligament. ×40.  u, urethra; cu, cervix uteri; r, 
rectum; v, vagina

a b c
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Fig. 1.13a,b. Subperitoneal connective tissue and nerve vessel 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

a b

Fig. 1.14. Axial section (400 m) of a 24-
week-old female fetus at a level with the 
ovarian fossa (arrow). ×4
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that there are sheath-like condensations within the 
pelvic cavity that are commonly called fascia. More-
over, these fasciae are thought to be responsible for 
acting as supportive structures to the uterus and va-
gina and thus they need to be reconstructed during 
operation. We think this point is one of the most criti-
cal to be discussed in this chapter.

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

In accordance with former Anglo-American au-
thors [5, 32, 54] we do not fi nd any visceral fascia 
covering uterus and vagina. Both organs are ac-
companied by adventitial connective tissue. The 
rectovaginal fascia/septum develops in situ [36] 
and is connected to the uterosacral ligaments, to 
the longitudinal muscular layer of the rectum and 
to the perineum (see Sects. 1.3.1 and 1.4).
As has been clearly summarized by Bastian and 
Lassau [2] various ligaments are supposed to ex-
ist in the pelvis of the adult female. Our results 
show that – apart from the uterosacral and the 
round ligaments – 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 adi-
pose tissue, numerous vessels, nerves and connec-
tive tissue septa. All together these components 
may be confounded with a ligamentous structure, 
especially in the older female. The connective tis-
sue septa have carefully been described by new 
morphological approaches [10, 13], but they have 
been over-interpreted as to their functional mean-
ing. 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 morphologi-
cal characteristics they are not supposed to act as 
supportive structures.

Our results are still in disagreement with the clas-
sical descriptions found in clinical and anatomical 
textbooks. We are aware of the fact that the vari-
ability of nomenclature is also misleading. But, nev-
ertheless, the only fi xation of the uterus is provided 
by the sacrouterine ligaments running in a dorsocra-
nial direction. These ligaments 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 reconstruct 
the so-called supportive ligaments in patients with 

●

●

genital prolapse. Due to our morphological data, it is 
useful to carry out a sacral fi xation of the uterovaginal 
complex in terms of prolapse [39, 52], taking into ac-
count that the pudendal vessels and the pudendal nerve 
are not injured during operation [41]. New techniques 
include meshes that are suggested to support all female 
pelvic organs [6]. The results of these techniques seem 
to open the fi eld of female hernia surgery.

1.3.3.4 
Important Vessels, Nerves and 
Lymphatics of the Middle Compartment:

Uterine artery
Inferior hypogastric plexus. (Veins have a 
corresponding course)

1.4 
Perineal Body

1.4.1 
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 
fi rmly 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 at-
tach (Fig. 1.15a). Whereas the external anal sphincter 
is attached to it dorsally (Fig. 1.15a), the muscles of 
the cavernous tissue are attached ventrally (Fig. 1.15b). 
A deep transverse perineal muscle that may be at-
tached ventrally does not exist in the female [42]. As 
has already been pointed out above (see Sect. 1.3.1) 
the additional smooth rectal muscle bundles that are 
situated in the rectovaginal fascia/septum are inte-
grated and attached to the connective tissue of the 
perineal body (Fig. 1.15c). As the region of the female’s 
perineal body is of high clinical interest in terms of 
damage during childbirth and/or episiotomies [58], 
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 orifi ce of the vagina 
the external anal sphincter is attached to the perineal 
body (Fig. 1.15a), whereas at a level with the orifi ce 

●
●
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of the vagina and above the internal sphincter abuts 
the perineal body and thus indirectly the dorsal wall 
of the vagina (Fig. 1.15b). 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 con-
nected with connective tissue septa of the ischioanal 
fossa [11] that are also connected to the inferior fas-
cia of the levator ani muscle [30].

1.4.2 
Reinterpreted Anatomy and Clinical Relevance

A detailed knowledge of the anatomy of the perineal 
body has become of interest since transperineal or 
even dynamic transperineal ultrasound [3] have been 

carried out. With the help of these techniques, the 
infralevatoric viscera, the soft tissues and the pu-
borectalis can be viewed and defi ned.

For a long time there has been no doubt about the 
existence of the fi brous components of this region. 
However, defi ned in the actual Terminologia Anatom-
ica [15], the perineal body should be a fi bromuscular 
rather than a tendinous structure. We categorically 
disagree with this opinion. The perineal body itself 
is a fi brous structure, but it is intermingled with all 
originating and inserting muscles. It has to be con-
sidered as a tendinous center for all the muscles that 
do not have a bony origin or attachment. There is no 
doubt that it is an important region for absorbing 
part of the intrapelvic (intraabdominal) pressure. A 
stretched or even destroyed perineal body may be the 
cause for urogenital or rectal prolapse [59].

c

ba

Fig. 1.15a–c. 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 (aster-
isks). eas, external anal sphincter
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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 peri-
neal body should be performed.

The discussion of pelvic fl oor damage during vagi-
nal delivery and/or after episiotomies has been kindled 
through the remarkable statistics of Sultan et al. [51], 
who showed that episiotomies do not prevent tearing. 
We think that the indication for episiotomies should 
clearly be defi ned by an international committee and it 
should be restricted to special cases. Perineal damage 

may occur not only spontaneously but also iatrogeni-
cally through the execution of an episiotomy. It is not 
at all “old-fashioned” to protect the perineum during 
vaginal delivery by hands-on methods.

We recommend not carrying out median and lat-
eral episiotomies and being careful with mediolateral 
ones: As can be seen from a pathological specimen in 
Fig. 1.16, a perineal tear and/or a lateral episiotomy has 
led to a scar of the perineal body and the external anal 
sphincter. The connective tissue septa of the ischioanal 
fossa are irregular (Fig. 1.16a). At the border between 

Fig. 1.16a–c. 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

a b

c
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the infralevatoric and levatoric level, it becomes vis-
ible that the vaginal wall is slightly displaced, the pu-
borectalis is rather thin and the ischioanal fossa is not 
symmetric with the contralateral side (Fig. 1.16b), a 
diagnosis that still remains on supralevatoric levels 
(Fig. 1.16c). Refi ned 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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2.1 
Magnetic Resonance Imaging 

2.1.1 
Introduction

With its intrinsic high soft tissue contrast, magnetic 
resonance imaging (MRI) has been the imaging 
modality of fi rst choice for dedicated examinations 
of the female pelvis since the early 1990s. MRI is supe-
rior to CT in examinations of the true pelvis where 
CT is susceptible to beam-hardening artifacts due to 
adjacent bony structures which degrade image qual-
ity with regard to soft tissue detail. When MRI was 
fi rst used for pelvic examinations, its spatial resolu-
tion was still limited. At that time, only the integrated 
whole-body resonator was available for abdominal 
imaging because coil systems such as a Helmholtz 
arrangement or fl exible one-element surface coils 
had proved to be inadequate. Initially, abdominal 
imaging was performed exclusively with spin echo 
sequences, which enabled imaging only with a coarse 
matrix due to their rather long acquisition time. 
Important advances in abdominal MR imaging have 
been made since the mid-1990s through an improved 
signal-to-noise ratio (SNR) achieved with the newly 
introduced body phased-array coils. While the early 
phased-array coil systems with only few elements 
(e.g. four) improved pelvic imaging, the expanded 
phased-array coil systems available today have eight 
or more coil elements and allow high-resolution 
imaging of the entire abdomen. The earlier spin 
echo sequences have since been completely replaced 
with turbo spin echo sequences for the acquisition of 
both T1- and T2-weighted images. These techniques 
enable pelvic MRI studies with an excellent image 
quality when combined with suitable techniques for 
reducing motion artifacts. Motion artifacts continue 
to be a challenge in pelvic MRI. Respiratory and 
peristaltic motion is fast relative to the scan time 
necessary to obtain a morphologic sequence with 
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a high spatial resolution (approximately 2–5 min). 
These motions can blur the abdominal organs and 
cause the well-known double contour artifacts in the 
phase-encoding direction. This is why special mea-
sures are needed to suppress motion artifacts. Fast 
imaging techniques with scan times of about 1 s per 
image are not sensitive to motion and can be used 
to obtain fast scout views or to image dynamic pro-
cesses such as motion or contrast medium infl ow. So-
called whole-body MRI using whole-body phased-
array coil systems is especially useful to combine the 
examination of the pelvis with imaging of the upper 
abdomen and chest in the staging of patients with 
pelvic malignancy. Pelvic MRI is performed at fi eld 
strengths of 1.0–1.5 T with 1.5 T probably yielding 
the best results. Whole-body MR imagers operating 
at 3.0 T have recently become available for routine 
clinical use. Whether this higher fi eld strength with 
its better SNR will actually improve the diagnostic 
yield of pelvic exams remains to be determined.

In this chapter, the most important general aspect 
of pelvic MRI will be discussed with regard to imaging 
hardware and technical aspects of the examination. 
The specifi c MR protocols used for different indica-
tions will be presented in the respective chapters.

2.1.2 
Patient Preparation, Positioning, and Scan Planes

No special patient preparation is necessary for pelvic 
MRI in most cases, unless otherwise stated in the 
respective chapters. When making an appointment for 
a pelvic MRI, the patient should be informed about the 
most important aspects of an MR examination. This 
also includes questions regarding contraindications to 
MRI or to IV contrast agent administration. In this 
way, the patient may be spared a trip to the MRI center 
and an effective workfl ow in the MRI department is 
ensured. Moreover, the patient should be informed 
beforehand that a spasmolytic agent will be given to 
reduce artifacts due to bowel peristalsis, which would 
degrade image quality. Patients who will receive butyl 
scopolamine should be told that vision may be tran-
siently impaired immediately after the examination. 
Finally, the patient should be asked about claustropho-
bia. If a patient is likely to need sedation, she has to be 
warned about possible adverse effects. 

The standard position for pelvic MRI is the com-
fortable supine position with a bolster placed under 
the knees. Respiratory movement of the internal 
organs or abdominal wall will degrade pelvic MR 

examinations though their effect is less pronounced 
as compared with MRI of the upper abdomen. A spa-
tial presaturation slab should be positioned appropri-
ately in a sagittal scout view to reduce signal inten-
sity from moving anterior abdominal wall. However, 
this presaturation slab should not cover the inguinal 
region where enlarged lymph nodes might be present 
(Fig. 2.1). When imaging a patient on a scanner with-
out a phased-array body coil, a belt should be used to 
minimize respiratory motion artifacts by restricting 
respiratory excursions. Before a patient is examined 
without breath-hold – i.e. during free breathing – she 
should be carefully instructed to breathe regularly 
and shallowly to minimize respiratory excursions of 
the abdominal wall. When a fast imaging technique is 
used, the patient should be carefully advised about the 
breathing instructions to be given when she should 
hold her breath. In patients in whom a contrast-
enhanced examination is planned, a fl exible indwell-
ing line should be placed, ideally in an antecubital vein, 
and connected to an NaCl-fi lled syringe with a tube or, 
where available, to an MR-compatible injection pump. 

Fig. 2.1. Example for positioning the spatial presaturation slab 
(a) and the imaging slices (b) for an MRI examination of the 
uterine cervix. The specifi c MR protocols used for different 
indications are presented in the respective chapters
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For optimal evaluation of the target organs (espe-
cially the uterine corpus and cervix, vagina, and 
adnexa), images need to be obtained in at least two 
scan planes perpendicular to each other. Typically, 
this is a sagittal plane angled parallel with the main 
organ axis and a second, paraxial image oriented per-
pendicular to the fi rst plane. Evaluation of congenital 
anomalies or of the pelvic fl oor requires imaging in 
strict coronal or paracoronal planes. Images in strictly 
axial orientation are necessary for lymph node eval-
uation in oncologic patients. In these patients, the 
stack should extend from the region of the infrarenal 
abdominal aorta to the pelvic fl oor. The MR protocols 
for these indications are presented in the respective 
chapters. As a general rule, the diagnostic yield of all 
pelvic MRI examinations crucially relies on the care-
ful planning of imaging planes used.

2.1.3 
Coils

Nearly all vendors offer body or torso phased-array 
coils for abdominal MRI. These additional coils 
improve the SNR compared with standard body 
coils [2]. The gain in signal can be used to acquire 
fast sequences or, when conventional sequences are 
used, to acquire thinner slices compared with the 
whole-body resonator or simple surface coils. A rela-
tive disadvantage is that subcutaneous fatty tissue 
is depicted with a very high signal intensity, which 
may accentuate motion artifacts in images obtained 
without breath-hold. For this reason, imaging with a 
body phased-array coil without breath-hold should 
always be performed with presaturation to reduce 
the signal from the moving abdominal wall. However, 
care is required not to unduly saturate the inguinal 
region and its lymph nodes. Another option to reduce 
motion artifacts is fat suppression (see below). Apart 
from improving the SNR, a body phased-array coil 
with multiple elements (at least four) is a prerequi-
site for performing so-called parallel imaging (e.g. 
SENSE, sensitivity encoding; PAT, parallel acquisi-
tion technique), which reduces scan time relative to 
conventional sequences. Hence, parallel imaging can 
be used either to shorten the scan time of a given 
sequence or to improve resolution. Parallel imaging 
can be performed with T1- and T2-weighting but the 
SNR will be reduced [6]. Intracavitary coils yield a 
better image quality by improving the local SNR. The 
true pelvis, in particular the cervix, can be examined 
with an endorectal or endovaginal coil [1, 3, 5]. Intra-

cavitary coils can be used alone or in combination 
with surface coil elements (phased array) as with 
MRI of the prostate.

2.1.4 
Pulse Sequences

The standard protocol for pelvic imaging comprises 
unenhanced T1- and T2-weighted sequences. The 
high soft tissue contrast of MRI is a prerequisite for 
the reliable detection and characterization of pathol-
ogy in the female pelvis. Spatial resolution and good 
visualization of anatomic detail are often equated 
with a high image quality. The latter, however, is pre-
dominantly determined by the absence of motion 
artifacts and a high SNR. As a general rule, the SNR 
increases with the acquisition time assuming there is 
effi cient elimination of motion artifacts. This is why 
the best results in terms of image quality are achieved 
when using T1- and T2-weighted TSE sequences with 
multiple signal averages and a scan time of up to 
about 5 min. With these sequences, images with a 
matrix of up to 512 pixels in the frequency-encoding 
direction can be acquired. Only some general prin-
ciples are discussed below while the specifi c MR pro-
tocols will be presented in the individual chapters.

2.1.4.1 
T1-Weighted Imaging

T1-weighted images with good image quality and 
morphologic detail resolution are obtained by using 
TSE sequences with a short echo train (e.g. three) 
and an echo time of about 10 ms. A repetition time 
of approximately 400–600 ms will generate heav-
ily T1-weighted images. Repeated image averaging 
(e.g. four) will average out motion artifacts. In cases 
where differentiation of blood or fat in a lesion is 
required (e.g. ovarian pathology, endometriosis), the 
T1-weighted TSE sequence can be combined with 
spectral fat suppression without unduly lengthening 
scan time.

In cases where a short scan time is a primary con-
cern and excellent morphologic detail recognition is 
less important, T1-weighted gradient echo sequences 
can be used, e.g. multislice GRE sequences (FLASH or 
FFE) for breath-hold imaging. Depending on the per-
formance of the gradient system available, between 
5 and 25 slices can be acquired during a breath-hold 
of 15–25 s. In this way, the pelvis can be imaged with 
high contrast and good image quality in one plane 
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during 1–3 breath-holds, depending on the number 
of slices and the slice thickness selected. Instead of a 
multislice GRE sequence with TRs of around 150 ms 
and TEs of about 5 ms, one can acquire sequen-
tial single slices with very short TRs and TEs (10–
20 ms and 2–7 ms, respectively). To improve the low 
contrast associated with short TRs and TEs, these 
sequences are combined with an inversion prepulse 
(e.g. turbo FLASH or turbo FFE). Instead of the 2D 
GRE sequences, a 3D GRE sequence with fat suppres-
sion can be used (e.g. VIBE, volumetric interpolated 
breath-hold examination) [4]. The 3D GRE sequence 
has the advantage that thinner slices can be acquired. 
For instance, one can acquire 32 slices with a slice 
thickness of 5.0 mm in about 20–23 s and these can 
be interpolated to 64 slices of 2.5 mm. However, this 
3D technique has a lower signal yield and contrast 
when used without contrast administration than the 
above-mentioned T1-weighted 2D sequence. The 3D 
GRE technique is most suitable to perform dynamic 
studies after IV injection of a gadolinium-based con-
trast medium. When a GRE technique is used, specifi c 
diagnostic information can be obtained by acquiring 
images under in-phase (IP) and opposed-phase (OP) 
conditions. The corresponding echo times needed to 
obtained IP and OP images vary with the fi eld strength 
used. At 1.5 T, OP images are obtained at TEs of about 
2.4 and 7.2 ms, IP images at TEs of 4.8 and 9.6 ms. Dif-
ferent image effects result from the addition or sub-
traction of signal contributions in the same voxel. As 
a rule, interfaces between tissues that differ in water 
or fat contents appear dark on the resulting image. 
This effect can provide diagnostic information, for 
example in differentiating lesions with a high fat con-
tent such as ovarian dermoid cysts. 

2.1.4.2 
T2-Weighted Imaging

T2-weighted pelvic imaging is nearly exclusively per-
formed using turbo or fast spin echo (TSE or FSE) 
sequences, either with classical TSE sequences with 
the patient breathing freely or with single-shot TSE 
sequences during breath-hold (e.g. HASTE). With 
free breathing, the pelvic region can be scanned in 
2–5 min as opposed to about 15–20 s with the single-
shot breath-hold sequence. An examiner using a 
single-shot TSE sequence must be aware, however, 
that two tissues with very similar T2 relaxation times 
may be more diffi cult to differentiate than on images 
obtained with a standard T2-weighted TSE sequence. 
The usual echo times range from 90–130 ms. Another 

fast T2-weighted sequence uses fast imaging with 
steady-state free precession (e.g. true FISP) and is 
employed in cardiac imaging and evaluation of other 
fast dynamic processes. Fat suppression is not rou-
tinely used for T2-weighted pelvic imaging but only 
to answer specifi c questions. The reason is that there 
is better delineation of intra-abdominal organs and 
of the pelvic wall on pelvic images acquired without 
fat suppression. As with T1-weighted sequences, the 
fat signal can be suppressed using spectral fat satu-
ration. Alternatively, the fat signal can be nulled on 
T2-weighted images using the short time inversion 
recovery (STIR) technique. With this technique, the 
time from the inversion pulse to the point at which 
fat crosses through zero is used as inversion delay 
(100–170 ms). The STIR technique is not very suscep-
tible to magnetic fi eld inhomogeneities but scan time 
will be longer. This drawback can be compensated for 
by combining STIR with a TSE or FSE sequence (so-
called turbo inversion recovery, TIR). STIR images 
combine T1 and T2 contrast with the T2 contribution 
being small at short TEs (< 30 ms) and somewhat 
greater at longer TEs (60 ms or more).

2.1.5 
Spasmolytic Medication

The routine administration of a spasmolytic agent 
(Buscopan or Glucagon) is recommended for all pelvic 
MR examinations to reduce peristalsis-related motion 
artifacts, unless patients have contraindications to 
these agents. A longer-lasting effect is achieved with 
the IM injection of 40 mg Buscopan as compared with 
IV administration of this spasmolytic.

2.1.6 
Contrast Agents

So-called unspecifi c IV contrast agents such as 
Magnevist (Gd-DTPA) or Dotarem (Gd-DOTA) are 
well established in the routine clinical setting. More 
recently, various nonionic or low-osmolar agents 
have become available. These include, Omniscan 
(gadodiamide, Gd-DTPA-BMA), Prohance (gado-
teridol, Gd-HP-DO3A), and Optimark (gadover-
setamide). All of these agents rapidly distribute 
in the extracellular space after injection and are 
eliminated renally. Hence, their pharmacokinetic 
behavior is comparable to that of iodine-based X-
ray contrast agents as they are also used in CT. These 
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contrast agents mainly act by markedly shortening 
T1 relaxation time. This effect is best appreciated 
on strongly T1-weighted sequences. The standard 
contrast medium dose for soft tissue imaging is 
0.1 mmol Gd/kg body weight. If an additional MR 
angiography is planned, the contrast agent is admin-
istered at a dose of 0.2 mmol Gd/kg. In these cases, 
the contrast-enhanced morphologic MR examina-
tion may be performed after MR angiography. The 
contrast medium may be injected manually or auto-
matically. A strict injection protocol is not required 
when static contrast-enhanced images are acquired. 
However, a standardized injection protocol with use 
of an MR-compatible, automatic injector is recom-
mended when dynamic studies are performed. In 
both cases, contrast medium injection should be 
followed by a saline fl ush of 20 ml to ensure that all 
of the rather small amount of contrast medium of 
about 10–20 ml reaches the central veins.

2.2 
CT Scanning Technique

There have been considerable technical advances 
in computed tomography in recent years. The most 
important technical development was the introduc-
tion of multislice scanners. The option to acquire and 
reconstruct more than one slice per gantry rotation 
offers new diagnostic potential for many applica-
tions. The diagnostic gain resulting from the advent 
of multislice CT is of special signifi cance in exam-
ining organs that are often depicted with blurred 
contours due to respiratory motion on conventional 
spiral CT scans. The gain in speed can be exploited 
in one of two ways:

On the one hand, overall scan time can be short-
ened as more slices are acquired per rotation. 
This reduces motion artifacts and enables better 
exploitation of intravenous contrast enhancement 
because there is only little change of the perfusion 
phase during the scan. In other words, the entire 
scan can be acquired during a defi ned phase of 
perfusion.
On the other hand, thinner slices can be used. 
This has the advantage of reducing partial volume 
effects and, if a very small slice thickness, e.g. 1 mm, 
is used, offers the option of performing secondary 
image reconstruction that is comparable to the 
axial source images in terms of spatial resolution.

●

●

Depending on the scanner used, both advantages 
of multislice CT can be combined by fi nding a com-
promise between slice thickness and speed.

2.2.1 
Spiral CT

With the advent of spiral CT scanners, it has become 
possible for the fi rst time to continuously scan an 
anatomic region without having to interrupt data 
acquisition. This new technique has therefore almost 
completely eliminated the problem of misregistra-
tion of small anatomic or abnormal structures [7]. 
Incremental CT, the predecessor of spiral CT, was lim-
ited in the diagnostic evaluation of round pulmonary 
lesions, focal liver lesions, and lymph nodes because 
this technique might either miss such lesions or 
depict them twice when the patient moved between 
acquisitions [8]. This is why protocols for incremen-
tal CT are not presented here.

CT of the female pelvis can be performed alone 
but patients typically undergo CT scans of the upper 
abdomen and pelvis, especially when CT is done for 
staging of malignancy. Other indications include 
determination of the extent of thrombotic disease, 
evaluation of vascular supply, and diagnostic evalua-
tion of other gynecologic conditions or follow-up of 
therapy.

Liver metastases from malignant tumors of the 
female pelvis are typically hypovascularized. These 
metastases can be most reliably detected during 
the portal venous phase of enhancement after con-
trast medium administration [9–11] while scanning 
during the arterial perfusion phase provides little 
additional diagnostic information, unless surgi-
cal resection or alternative therapy is planned and 
knowledge of the vascular supply is important for 
therapeutic decision-making [12, 13]. This means 
that examination of the upper abdomen should be 
performed with a scan delay of 50–70 s after the start 
of intravenous contrast medium administration in 
order to scan the liver while contrast between the 
enhancing normal liver and focal lesions is highest. 
The slice thickness should not be greater than 5 mm 
while the table increment per rotation (pitch factor) 
can be increased to 1.7 on spiral CT scanners. Care 
must be taken to scan the entire liver during a single 
breath-hold. The reconstruction interval should be 
smaller than the slice thickness, and reconstruction 
with an overlap of up to 50% of the slice thickness has 
been shown to be advantageous [8].
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Depending on the speed and slice thickness 
selected, it may be possible to scan the liver and 
pelvis in a single breath-hold. A continuous scan has 
the advantage of an uninterrupted transition in the 
mid-abdomen but not all patients may be able to hold 
their breath that long. A scan impaired by respiratory 
motion degrades diagnostic quality more than does 
a planned interruption in mid-abdomen. Moreover, 
use of a thinner slice thickness is preferable to a con-
tinuous scan of the liver and pelvis.

If one plans to perform two scans, the liver can 
be scanned from bottom to top. In this way, there is 
better venous enhancement at the end of the scan, 
which reduces the risk of mistaking unfi lled veins 
of the venous confl uence above the liver for focal 
liver lesions. Another advantage of this direction is 
that one can continue to scan where required. Sub-
sequently, the pelvis is examined during a second 
breath-hold.

In patients scheduled for a pelvic scan only, the start 
delay should be at least 60 s; practical experience sug-
gests that 70–90 s are optimal. With this start delay, 
there is contrast enhancement of the iliac, external, 
internal, and common veins already at the beginning 
of the scan and it is thus possible to exclude venous 
thrombosis or tumor infi ltration of the veins. Since 
perfusion of the pelvic organs such as the uterus is 
not a major diagnostic concern, it is not necessary to 
perform a scan of the early arterial phase.

2.2.2 
Multislice CT

The higher speed of multislice CT scanners allows for 
performing a complete abdominal examination during 
one breath-hold. Two generations of multislice CT 
scanners can be distinguished: scanners which acquire 
four slices per gantry rotation (4-slice CT) and scan-
ners which typically acquire 16 slices or more (16-slice 
CT). The 6-slice scanners also offered by some manu-
facturers can be classifi ed as 4-slice scanners while 
the 10-slice scanners belong to the family of 16-slice 
scanners although there are slight differences.

2.2.2.1 
4-Slice CT

With 4-slice CT scanners, the entire abdomen can be 
scanned continuously with slices as thin as 2–3 mm. 
When scanning from top to bottom, the liver should 
be imaged during the portal venous phase and the 

pelvis in a late phase (70 s). A scan of the abdomen 
and pelvis taking about 20–30 s, both the liver and 
the pelvis are imaged during the optimal imaging 
window when a start delay of 60 s is used.

In patients in whom the chest should be included 
in the scan for staging of cancer, it is recommended 
to perform a spiral chest scan prior to imaging of 
the liver. The preferred scan direction for the chest 
is from bottom to top; in this way the upper portions 
of the chest, which are least impaired by inadvertent 
respiratory motion, are scanned last. For the chest, a 
start delay of 30 s is recommended.

2.2.2.2 
16-Slice to 64-Slice CT

A 16-slice scanner reduces the overall scan time to less 
than 15 s even when very thin slices are used. With most 
16-slice CT scanners, the operator can only choose from 
two primary slice thicknesses, depending on detector 
width. In contrast, the pitch factor is variable; however, 
a pitch factor of 1 or slightly less than 1 provides opti-
mal results on most CT scanners in terms of signal-
to-noise ratio and slice sensitivity profi le (SSP). Since 
effective scan time is not an issue on 16-slice scanners, 
there is no need to use a higher pitch factor.

As with other scanners, the liver should be scanned 
during the portal venous phase, immediately fol-
lowed by scanning of the pelvis. When a continuous 
scan from top to bottom is performed with a delay of 
60 s, the pelvis tends to be scanned too early. Here, 
the examiner must decide whether the advantage of 
an uninterrupted scan with the option of creating 
continuous coronal reconstructions is more impor-
tant than scanning of the pelvis during the optimal 
imaging window.

Scanning on a 64-slice CT scanner requires only 
some minor adjustments of the scanning protocol. A 
continuous examination of the chest, abdomen, and 
pelvis may be benefi cial in individual cases. When 
scanning from top to bottom, the scan delay for the 
chest should be between 50 and 55 s in order to scan 
the liver during the portal venous phase. However, 
with this delay, one will miss the phase of maximum 
enhancement of the pulmonary arteries.

For all multislice CT protocols, the reconstructed 
slice thickness for liver and pelvic scans should be 3–
5 mm in all orientations. Thinner slices contain more 
noise and are less suitable for primary image inter-
pretation. Thin slices are mostly acquired to generate 
multiplanar reformations with a comparable spatial 
resolution.
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2.2.3 
Positioning of the Patient

The patient should be positioned as comfortably as 
possible for any examination. For this purpose, special 
headrests, arm supports (particularly for supporting 
the arms in the above-head position), and cushion-
like supports for the knees are available. The patient 
must be positioned on a soft surface, which should 
in addition be heat-insulated. Because most CT scan-
ners are no longer water-cooled but dissipate their 
heat directly into the room air and because the scan-
ner rooms must normally be fully air-conditioned for 
this reason, the patient should be covered with a pro-
tective sheet. None of the materials employed should 
contain silicate, glass or other absorbing substances, 
since the presence of these substances in the scan 
fi eld can lead to artifacts or increased image noise 
as a result of beam hardening.

Most manufacturers assume that the patient will 
be in the ”head-fi rst” position, and the preset proto-
cols are designed accordingly. A ”head-fi rst” position 
has the following disadvantages:

The patient’s head always moves through the 
gantry, which may not be tolerated by claustro-
phobic patients.
The tube for intravenous contrast medium admin-
istration must be connected from behind the CT 
scanner; after being inserted, the venous access 
must fi rst be closed and the reopened and con-
nected to the contrast medium tube once the arms 
have been repositioned. Unfortunately, blood 
quite often drips onto the gantry during this pro-
cedure.
If it suddenly becomes necessary to interrupt the 
examination and withdraw the patient from the 
gantry, the patient is ”hanging” on the contrast 
medium tube, which is now drawn through the 
gantry and can become overstretched.
The staff can talk to the patient only from behind 
his or her head or through the gantry.

With most CT scanners, the patient can be posi-
tioned ”foot-fi rst” as an alternative. This has the fol-
lowing advantages:

The patient almost always lies with his or her 
head outside the gantry, can observe the proce-
dure better and does not perceive the scanner as 
a tube.
The contrast medium tube can be connected to the 
patient immediately after insertion of the venous 
access and before positioning of the arms.

●

●

●

●

●
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If the examination has to be interrupted (e.g. 
because the patient becomes nauseous), the radiog-
rapher or physician has direct access to the patient, 
and bringing the patient’s arms down does not lead 
to tension on the contrast medium tube.
Communication with the patient is face-to-face.

A disadvantage of the foot-fi rst position is that 
most CT tables need to be extended for patients to 
be positioned comfortably without their legs dan-
gling; the extension may prevent the table from being 
lowered far enough, and alterations are necessary if 
a head-fi rst position is required (e.g. for additional 
head CT). The patient’s direction must, without fail, 
be entered correctly in the examination protocol, since 
the left side may otherwise be taken for the right and 
some scanners do not allow later correction of the 
side identifi ers.

2.2.4 
Oral and Rectal Contrast Media

Two kinds of contrast media are available for oral and 
rectal administration: iodinated, aqueous solutions 
and barium sulfate suspensions. Both substances are 
used alike, and no serious side effects have so far been 
reported when properly dosed. Nevertheless, iodin-
ated solutions have some pharmacological and physi-
cal properties that make them superior to barium 
sulfate suspensions:

Iodinated solutions have a moderately positive 
effect on intestinal peristalsis, resulting in faster 
transit to distal loops of the ileum within 30–60 
min after oral administration. Disadvantage: Mild 
diarrhea in rare cases.
Iodinated solutions spread evenly through the 
bowel and, unlike barium sulfate, do not tend to 
fl occulate. Large lumps of barium can become so 
radiodense that artifacts result and mural pro-
cesses are obscured.
In some patients, the use of barium sulfate causes 
circular thickening of the bowel wall – mainly 
in distal small bowel segments – which closely 
resembles the appearance of enteritis and can be 
misinterpreted. This effect may be attributable 
to edematous swelling of the mucosa due to the 
hydrophilic nature of the barium sulfate suspen-
sion.
Only iodinated and, sometimes, no oral contrast 
medium at all should be given if the potential dif-
ferential diagnosis includes bowel perforation.

●

●
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Administering a liter of contrast medium over a 
period of 1 h before the examination has proved its 
value. Some radiologists add 20 mg of metoclopramide 
(MCP, 2 tablets) to the fi rst beaker of contrast medium 
in order to speed up transit, which typically shortens 
patient preparation to 30 min. Side effects of metoclo-
pramide – diarrhea and muscle tremor – are unlikely 
on single administration.

The same substances are available as rectal con-
trast media. Rectal contrast administration is a 
troublesome, time-consuming procedure for both 
the examiner and the patient. With some patients, 
the doctor must overcome a considerable sense of 
embarrassment, apart from the sometimes pain-
ful introduction of the rectal tube owing to hemor-
rhoids. An enema should nevertheless be given for 
every pelvic examination as long as there are no con-
traindications such as anal carcinoma or deep rectal 
carcinoma. In these cases, and if the presence of such 
a disease is suspected, a digital examination must be 
performed beforehand in order to avoid iatrogenic 
perforation by forceful, uncontrolled introduction of 
the rigid tube.

Despite the diagnostic advantages of complete 
rectal opacifi cation, some radiologists still hesi-
tate to use it routinely. ”Mini-contrasting” using a 
disposable enema set has proved to be an excellent 
alternative. After removal of the cap on the enema 
syringe, the fl uid contained in it is made up to 200 
ml with tap water and about 10 ml iodinated con-
trast medium (300 mg/ml) is then added to it. The 
syringe can be inserted either by the physician or 
by the patient. It is more comfortable for the patient 
if the enema is warmed up to body temperature 
beforehand (in the warming cabinet for intravenous 
contrast medium).

The use of pure tap water without the addition of 
radiopaque substances is a fundamentally different 
approach to oral and rectal opacifi cation. It is almost 
impossible to achieve complete fi lling of the small 
intestine and certainly not of the large intestine with 
water, since normal enteral absorption prevents reten-
tion of water in the bowel lumen. Water absorption is 
effectively inhibited by the addition of mannitol. The 
best effect is achieved with 250 ml mannitol (5%) in 
750 ml of water or juice. Administration of ”negative” 
oral and rectal contrast medium is required only for 
differentiation of the mucosa and intestinal lumen if 
adequate intravenous contrast enhancement can be 
achieved.

2.2.5 
Intravenous Contrast Media

An unenhanced scan is not required for most pelvic 
indications, the only exception being patients with 
suspected calcifi cations, for example when there 
are tumor implants from ovarian cancer. Nonionic, 
iodine-based contrast media are used for intravenous 
contrast. They are typically injected into an antecubi-
tal vein using a power injector. In contrast to CT of the 
lung or heart, the contrast medium concentration is 
irrelevant for pelvic examinations. A saline fl ush fol-
lowing contrast medium injection, which is useful for 
chest scans, is not required for pelvic examinations. 
A dose of 90–120 ml contrast medium with a con-
centration of 300–370 mg iodine/ml administered at 
a rate of 2–3 ml/s is suffi cient. For CT angiography 
of the pelvic arteries, it is advisable to determine 
individual circulation time by using a bolus-tracking 
program, to choose a faster injection rate (3–5 ml/s), 
and to scan the pelvis during the arterial phase.

An additional late scan 120–180 s after intravenous 
contrast administration may be helpful to exclude 
deep pelvic vein thrombosis or if there is poor visu-
alization of pelvic veins on the arterial phase scans 
(Fig. 2.2). Depending on the patient’s pelvic circum-
ference, the late scan may be acquired with a reduced 
tube current, e.g. 50 mAsec. Late scans obtained after 
3–5 min are also suitable for evaluation of the blad-
der, which, at this time, contains part of the renally 
eliminated contrast medium. Even fi lling of the blad-
der with contrast medium is achieved by rotating the 
patient about her longitudinal axis.

2.2.6 
Image Postprocessing

Since workstations have different user surfaces, it is 
next to impossible to give general guidelines on how 
to postprocess CT data sets. However, some clues as to 
what kind of postprocessing is useful for specifi c diag-
nostic purposes are included with the individual pro-
tocols. Some general recommendations can be given to 
obtain postprocessed images of a high quality:

Use of the thinnest slice thickness justifi able (iso-
tropic voxels where needed).
Slice reconstruction with an overlap of 30%–60% 
for spiral CT and 10%–20% for multislice CT.
For 3D reconstructions, use of a reconstruction 
fi lter that does not highlight the edges too much 
(soft tissue fi lter).

●

●

●
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Fig. 2.2a-c. A 47-year-old, obese patient. Pelvic scan obtained 70 s after intravenous contrast medium administration. Note that 
there is still incomplete opacifi cation of the pelvic veins. There is strong perfusion of the myometrium and the zonal anatomy 
of the uterus is clearly seen in all three planes: axial (a), coronal (b), sagittal (c). The ovarian vein on the left is dilated by vari-
cosis and shows more pronounced enhancement due to refl ux from the left renal vein. The intestinal tract was opacifi ed with 
water and mannitol

cb

a

Scanning with a minimum of artifacts due to 
patient motion and other causes.

2.2.7 
Image Documentation

Many users of spiral and multislice CT scanners 
have switched from conventional image interpreta-
tion to primary digital interpretation on the monitor. 
The interactive options have numerous advantages 

● and digital processing also offers long-term savings 
on fi lm cost. However, only very few hospitals and 
departments are completely digitalized and have the 
facilities for digital image transfer to all departments 
or referring physicians. This is why it is still necessary 
to document image data on X-ray fi lms or in the form 
of normal paper printouts.

Depending on the fi lm and technical prerequisites, 
16 on 1 or 20 on 1 documentation using a 42*35 cm 
format appears to be suffi cient for diagnostic pur-
poses. Reconstructed images, in particular color 
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images, can be printed out on DICOM-capable ink jet 
or laser printers. For documentation of reconstructed 
thin-slice data sets, the number of fi lms required can 
be reduced by regularly skipping images.

The author advises against individual adjust-
ment of window levels for documentation because it 
reduces the comparability of gray-scale values. Based 
on our practical experience, we recommend window 
levels of 400/50 for soft tissue, 1300/–500 for the lung, 
and 1700–2300/300 for bone.

2.2.8 
Summary

CT of the pelvis is predominantly performed for 
cancer staging, which means that the CT examination 
should include the upper abdomen. Scanning of the 
pelvis during a specifi c perfusion phase is less critical 
than for the liver, which should be scanned during the 
portal venous phase 50–70 s after intravenous contrast 
medium injection. If the scans are obtained too early, 
there is the risk of overlooking thromboses due to 
incomplete enhancement of the pelvic veins.

When planning the CT scan, care should be taken 
to include the entire pelvis to below the pubic bone. 
The fi eld of view should be chosen such that all pelvic 
bone structures and the gluteal muscles are depicted. 
Too small a fi eld of view impairs spatial resolution if 
the reconstructed images are optically magnifi ed for 
better documentation.

For examinations on a multislice scanner, thin slices 
should be used to compute high-quality multiplanar 
reformations. However, for interpretation of the source 
images, the reconstruction slice thickness should not be 
less than 3–5 mm, regardless of the slice orientation.

As for all CT examinations, radiation protection 
is a critical concern, especially for pelvic scans. It 
is highly recommended to use tube modulation in 
all cases and in particular in women with very oval 
pelvic shape (extensive subcutaneous fat). Here, tube 
modulation will improve image quality and reduce 
predominantly horizontal artifacts.

For oral and rectal contrast, radiopaque substances 
are available or water or a mixture of water and man-
nitol can be used. The latter should be used only 
when there is good intravenous enhancement. Only 
nonionic contrast media should be used for intrave-
nous contrast. For routine clinical administration, a 
total dose of 90–120 ml of a contrast medium with a 
concentration of 300–370 mg injected at a rate of 2–3 
ml/s is recommended.

2.2.9 
Summary of CT Protocols

2.2.9.1 
Pelvis

Anatomic 
region

From pelvic inlet/lower kidney pole to 
below pubic bone

Scout image 350 mm, 
120 kV, 
10–50 mA

Contrast 
medium

IV:  90–120 ml nonionic CM, 
iodine content of 300–
370 mg/ml

Oral: 1000 ml over 60 min 

Rectal: 500 ml or “mini enema”

Injection rate 2–3 ml/s

Scan delay 70–90 s after start of bolus

CT 
parameters

120 kV, 100–200 mAsec, inspiration

Spiral: 8 mm slice thickness, 8–
12 mm table feed

MS-CT: 2 mm slice thickness, pitch 
factor of 1–1.5:1

1 mm slice thickness, pitch 
factor of 1–1.5:1

Top-to-bottom scan direction

Reconstruc-
tion

Spiral: 4 mm interval, soft tissue 
fi lter

MS-CT: 5 mm slice thickness, 4 mm 
interval, 

soft tissue fi lter

1 mm slice thickness, 0.8–1 
mm interval, soft tissue fi lter

Documenta-
tion

12–20 on 1

Patient information, scout image with/with-
out scan lines, all images (MS-CT), every 
other image (spiral) in soft tissue window 
from top to bottom
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2.2.9.2 
Abdomen and Pelvis

Anatomic 
region

From diaphragm to pubic bone

Scout image 500 mm, 120 kV, 10–50 mA

Contrast 
medium

IV:  90–120 ml nonionic CM, iodine 
content of 300–370 mg/ml

Oral: 1000 ml over 60 min

Rectal: 500 ml or ”mini edema”

Injection rate 2–3 ml/s

Scan delay 50–60 s For continuous scan from top to 
bottom

50–60 s for bottom-to-top scan of upper 
abdomen, break, followed by 
bottom-to-top pelvic scan

CT 
parameters

120 kV, 100–200 mAsec, inspiration

Spiral: 8 mm slice thickness, 8–12 mm 
table feed

1. Abdominal spiral, from tip of 
liver to diaphragm

2. Pelvic spiral, from pubic bone to 
tip of liver

MS-CT: 2 mm slice thickness, pitch factor 
of 1–1.5:1

1 mm slice thickness, pitch factor 
of 1–1.5:1

Top-to-bottom scan direction

Recon-
struction

Spiral: 4 mm interval, soft tissue fi lter

MS-CT: 5 mm slice thickness, 4 mm inter-
val

soft tissue fi lter, lung portions 
with lung fi lter

1 mm slice thickness, 0.8–1 mm 
interval, soft tissue fi lter

Docu-
mentation

12–20 on 1

Patient information, scout image with/with-
out scan lines, all images (MS-CT), every 
other image (spiral) in soft tissue window 
from top to bottom, lung portions in lung 
window

2.2.9.3 
Chest, Abdomen, and Pelvis

Region From above clavicle to below pubic bone

Scout image 800 mm, 120 kV, 10–50 mA

Contrast 
medium

IV:  100–120 ml nonionic CM, iodine 
content of 300–370 mg/ml

Oral: 1000 ml over 60 min

Rectal: 500 ml or ”mini edema”

Injection rate 2–3 ml/s

Scan delay 25–30 s For bottom-to-top scan of chest, 
break, followed by top-to-bottom 
scan of abdomen and pelvis

25–30 s For continuous top-to-bottom 
scan (MS-CT only) 

50–60 s For bottom-to-top scan (abdo-
men and chest), break, followed 
by pelvic scan

CT 
parameters

120 kV, 50–100 mAs (chest), inspiration

120 kV, 100–200 mAsec (abdomen, pelvis), 
inspiration

Spiral: 8 mm slice thickness, 8–12 mm 
table feed

1. Abdominal spiral, from tip of 
liver to diaphragm

2. Chest spiral, from recesses to 
above clavicle

3. Pelvic spiral, from pubic bone 
to tip of liver

MS-CT: 2 mm slice thickness, pitch factor 
of 1–1.5:1

1 mm slice thickness, pitch factor 
of 1–1.5:1

1. Chest spiral, from recesses to 
above clavicle

2. Abdominal spiral, diaphragm 
to pubic bone 

Recon-
struction

Spiral: 4 mm interval 

1st spiral with soft tissue fi lter

2nd spiral with lung fi lter

3rd spiral with soft tissue fi lter

MS-CT: 5 mm slice thickness, 4 mm 
interval

soft tissue fi lter (all), lung por-
tions with lung fi lter

1 mm slice thickness, 0.8–1 mm 
interval, soft tissue fi lter

Docu-
mentation

12–20 on 1

Patient information, scout image with/with-
out scan lines, all images (MS-CT), every 
other image (spiral) in soft tissue window 
from top to bottom, lung portions in lung 
window
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3.1 
Embryonic Development and 
Normal Anatomy of the Uterus

During embryonal life, fusion of the two Müllerian 
ducts gives rise to the uterine corpus, isthmus, cervix, 
and the upper third of the vagina. The Müllerian ducts 
are of mesodermal origin and arise in the 4th week 
of gestation. They course on both sides lateral to the 
ducts of the mesonephros (Wolffi an ducts). The lower 
two thirds of the vagina arise from the sinovaginal 
bulb, which develops from the posterior portion of the 
urogenital sinus. The vaginal epithelium arises from 
the cellular lining of the urogenital sinus [1].

The uterus is composed of three distinct anatomic 
regions, namely the corpus, the isthmus (or lower 
uterine segment), and the cervix. In women of re-
productive age, the uterus usually is 6–9 cm long and 
weighs 40–60 g. The longitudinal axis is fl exed for-
ward (anteversion) with the corpus and cervix form-
ing a blunt angle (antefl ection) (Fig. 3.1a). The uterus 
straightens with increasing bladder fi lling and the 
anteversion angle becomes smaller (Fig. 3.1b).

The wall of the uterine corpus differs from that of 
the cervix in that it mostly consists of myometrium, 
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the strong muscle coat forming the mass of the organ. 
The myometrium is mostly comprised of spindle-
shaped smooth muscle cells and additionally con-
tains reserve connective tissue cells, which give rise 
to additional myometrial cells in pregnancy through 
hyperplasia. The uterine cavity is only a thin cleft and 
is lined by endometrium (Fig. 3.2). Functionally, the 
endometrium consists of basal and functional layers.

The isthmus of uterus (lower uterine segment), 
together with the internal os, forms the junction be-
tween the corpus and cervix. In nonpregnant wom-
en the isthmus is only about 5 mm high and is less 
muscular than the corpus. Unlike the uterine cervix, 
the isthmus becomes overproportionally large in the 
course of pregnancy and serves as a kind of reserve 
for fetal development in addition to the uterine cor-
pus. The endometrium of the isthmus consists of a 
single layer of columnar epithelium and only under-
goes abortive cyclic transformation.

The uterine cervix consists of the supravaginal 
cervical canal (endocervix) and the vaginal portion 
that projects into the vagina (Fig. 3.3). The wall of the 
cervix is primarily made up of fi rm connective tis-
sue. In contrast to the uterine corpus, the muscular 
portion accounts for less than 10% of the cervical 
wall and primarily consists of smooth muscle cells 
in circular arrangement. The cervical canal is coated 
with mucus-producing columnar epithelium and 
contains numerous gland-like units, the crypts. The 
squamocolumnar junction is the transition from the 
columnar epithelium of the endocervix to the non-
keratinizing squamous epithelium of the ectocervix 
and is situated at the level of the external os.

The uterus is supplied with blood through the 
uterine and ovarian arteries. The uterine arteries 
course to the organ through the cardinal ligaments 
and, at the level of the uterine isthmus (internal os 
of the cervical canal), divide into an ascending and 
a descending branch. Lymphatic drainage from the 
corpus is through the broad ligament into the para-
aortic lymph nodes and from the cervix into parame-
trial and iliac lymph nodes.
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Below, the parametria extend to the cardinal liga-
ment, which passes from the uterine cervix to the pel-
vic sidewall and separates the parametrium from the 
paravaginal connective tissue (paracolpium). A total 
of eight ligaments contribute to the support of the 
uterus. Diagnostically, which primarily pertains to 
the evaluation of the local extent of cervical cancer, 
the vesicouterine and the sacrouterine ligaments are 
most important. The vesicouterine ligament extends 
from the cervix to the posterior wall of the urinary 
bladder and only has a minor role in supporting the 
uterus. The sacrouterine ligament has a more im-
portant supportive function and originates on the 
anterior aspect of the sacral bone, arches around the 
rectum and attaches at the level of the uterine isth-
mus. 

Most of the uterus is covered by peritoneum 
(Fig. 3.5). The peritoneum contributes only lit-
tle support but ensures adequate mobility of the 
uterus relative to the urinary bladder and rectum, 
which is necessary to adjust to the variation in blad-
der filling and especially during pregnancy. The 
peritoneum extends from the roof of the urinary 
bladder to the anterior uterine wall, forming the 
vesicouterine pouch in between. Below this fold, 
there is the vesicouterine ligament. The posterior 
peritoneal coat of the uterus extends downward to 
form the rectouterine pouch (Douglas space) that 
reaches to the level of the posterior vaginal fornix 
and from there extends to cover the anterior rectal 
wall.

Fig. 3.2. T2-weighted TSE image of a 40-year-old healthy wom-
an in coronal orientation. The uterine cavity is marked by the 
white arrow

Fig. 3.1a,b. T2-weighted TSE images of two different healthy premenopausal women in sagittal orientation

a b

Besides the pelvic fl oor, the normal topography 
of the uterus is primarily ensured by the parametria, 
a kind of suspension system primarily consisting of 
connective tissue. In addition, the parametria contain 
large amounts of fatty tissue, especially in their lateral 
portions near the pelvic sidewall and a dense network 
of lymphatic and blood vessels. About 2 cm lateral to 
the uterine cervix, both ureters course through the 
parametria and cross the uterine arteries (Fig. 3.4).
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Fig. 3.5. T2-TSE image in sagittal orientation. The extension of 
the peritoneum is marked by the grey line

Fig. 3.3. Anatomic draft of the uterine cervix: coronal view and corre-
sponding MRI

from Hricak/Carrington (1991)

Isthmus

Internal cervical os

Uterine vessels
Ureter
External cervical os

Parametria

Parametria

Internal cervical os
Endocervix

Corpus uteri

External cervical os

Vaginal cavity

Fig. 3.4. Anatomic draft, which presents the strong relation 
between uterine arteries and ureters (arrow)

Broad ligament
Parametria
Round ligament
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3.2 
Imaging Findings: Uterine Corpus

The imaging appearance of the uterine corpus var-
ies widely with the age and hormonal status of the 
patients examined [2–7].

On unenhanced CT scans, the layered anatomy of 
the wall cannot be distinguished. After administra-
tion of contrast medium, the myometrium can be 
distinguished in most cases during the arterial phase 
as it shows early and strong enhancement while the 
junctional zone/endometrium is of relatively low 

density (Fig. 3.6). As with MRI, the endometrium 
and junctional zone cannot be differentiated in most 
cases on the basis of their morphologic appearance 
on CT. In most cases, venous plexuses can be identi-
fi ed within the parametria on the basis of their strong 
enhancement. However, reliable differentiation of 
myometrium from parametrial portions is usually 
not possible while the peripheral fatty portions of 
the parametrium can be distinguished from the pel-
vic wall with an adequate degree of accuracy. 

Unenhanced T1-weighted MRI depicts the uterine 
corpus with a low and homogeneous signal intensity 
similar to that of skeletal muscle (Fig. 3.7a and b). 

Fig. 3.6a-d. CT of the female pelvis. a CT transversal unen-
hanced. b CT transversal after CM and reformatted coronal (c) 
and sagittal CT images (d)

a b

c

d
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Thus, it is not possible to differentiate the individual 
layers.

On the other hand, T2-weighted MR images in wom-
en of reproductive age clearly depict the three layers of 
the uterine corpus: the endometrium, the junctional 
zone, and the myometrium (Fig. 3.7c and d) [8].

The endometrium always has a high signal inten-
sity on T2-weighted images regardless of the hormonal 
state and age while its thickness clearly varies in the 
course of the menstrual cycle [9]. The thickness ranges 
from 1–3 mm in the early proliferative phase (Fig. 3.7 
and 3.8) and 5–10 mm in the middle of the secretory 
phase (Fig. 3.9 and 3.10). The endometrium is thickest 
under the effect of estradiol (follicular phase) on days 8 
through 16 of the cycle [10]. After day 16, when the effect 

of progesterone becomes stronger (luteal phase), there 
is hardly any further increase in thickness but primarily 
a transformation of the mucosa with increased forma-
tion of glands and ingrowth of vessels. During menstru-
ation, a blood clot may occasionally be present in the 
uterine cavity (Fig. 3.9), which must not be mistaken for 
a foreign body, polyp, or submucosal myoma.

The layer adjacent to the endometrium that can be 
distinguished on MRI is the junctional zone, which 
corresponds to the inner part of the myometrium and 
is hypointense on T2-weighted images relative to the 
outer portion of the myometrium. The lower signal 
is primarily attributable to a lower water content, the 
higher nucleus-to-cytoplasm ratio, and the smaller ex-
tracellular space of the inner myometrium [11, 12]. 

Fig. 3.7a-d. MRI of a 40-year-old healthy woman during early 
proliferative phase. T1-weighed TSE images in axial (a) and 
sagittal orientation (b). T2-weighted TSE images in axial (c) 
and sagittal (d) plane of the same patient

a

b

c

d
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Similar to the endometrium, the junctional zone also 
varies over the menstrual cycle and is thickest around 
the 24th day. The mean thickness of the junctional 
zone does not exceed 5 mm under normal conditions. 
A focal thickness of over 12 mm of the junctional zone 
can be interpreted as a sign of adenomyosis. However, 
a focal pathologic thickening of the junctional zone 
has to be differentiated from uterine contractions. 
Uterine contractions may be diagnosed by a repeated 

Fig. 3.8a,b. MRI of a healthy woman during early proliferative 
phase (T2-weighted TSE in axial and sagittal plane)

Fig. 3.9a,b. MRI of a healthy woman during secretory phase. 
The T2-weighed TSE image (a) as well as the contrast-en-
hanced T1-weighted TSE image (b), both in sagittal orienta-
tion demonstrate a blood clot (arrow) in the uterine cavity

a

b

a

b

T2-weighted sequence a view minutes later, showing a 
normal appearance of the former thickened junctional 
zone in contrast to unchanged appearance of adeno-
myosis. By using cine MRI sequences (SSFSE: single-
shot half-Fourier fast spin echo) it was furthermore 
shown that the junctional zone maintains cervicofun-
dal contractions that vary with the phase of the cycle 
[13] and are assumed to have a role in transporting 
sperm and in maintaining early pregnancy.
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The normal outer myometrium is of an intermediate 
signal intensity on T2-weighted images. Its signal in-
tensity is slightly higher during the secretory phase due 
to an increased fl uid content, which improves the dif-
ferentiation from the junctional zone as compared with 
other phases of the cycle (comparison of Figs. 3.7 and 
3.10). Vessels in the myometrium are also highly prom-
inent during this phase of the cycle. Ultrasonography 
likewise depicts three uterine layers but the thickness 
of the junctional zone and of the endometrium deter-
mined by ultrasound and MRI clearly differ, especially 
during the luteal phase [14]. This discrepancy is attrib-
uted to the fact that ultrasound does not demonstrate 
the three layers in the same way as MRI [15].

Following intravenous administration of a para-
magnetic contrast medium, the zonal anatomy of 
the uterus is also depicted on T1-weighted images 
(Fig. 3.9b). Both the endometrium and the outer 
myometrium are characterized by pronounced con-
trast enhancement while the junctional zone is of low 
signal intensity. This is attributed to the denser tissue 
and smaller extracellular volume of distribution of 
the contrast medium [12, 16].

The uterus of newborns still shows good differ-
entiation of the myometrium, junctional zone, and 
endometrium as a result of the effect of maternal es-
trogen. Before the onset of menstruation, the endo-
metrium is merely seen as a very thin stripe of high 
signal intensity or not at all and the junctional zone 
is not distinguishable from the low-signal-intensity 
myometrium. The corpus is smaller than the cervix 
during this phase while in adult women the length 
ratio of the cervix to the corpus is 1:2.

After menopause the uterine corpus as a whole is 
markedly smaller (Figs. 3.11 and  3.12) with a length 
ratio of nearly 1:1. On T2-weighted images the endo-
metrium is seen as a thin central stripe of high signal 
intensity. The myometrium has a markedly lower sig-
nal intensity as compared with women of reproductive 
age and is therefore diffi cult to distinguish from the 
junctional zone, which also has a low signal intensity. 
The endometrium decreases in thickness to about 
3–5 mm. However, in women on external hormone re-
placement therapy, the premenopausal signal pattern 
and zonal anatomy may be preserved. In this situation 
the endometrium may be up to 10 mm thick.

Exogenous hormonal replacement may consid-
erably alter the MRI appearance of the uterus and 
vagina. In premenopausal women taking oral con-
traceptives, the signal intensity of the myometrium 
is increased [17]. Moreover, the junctional zone ap-
pears thinner and is more diffi cult to differentiate. 

Long-term use of oral contraceptives is also associ-
ated with marked thinning of the endometrium. In 
women on GnRH analogues, the uterus is compara-
ble to the premenopausal uterus in terms of size and 
signal intensities with depiction of the endometrium 
as a very thin stripe of high signal intensity that is 
clearly delineated from the low-intensity myome-
trium. The junctional zone is not seen or very dif-
fi cult to distinguish. Despite its anti-estrogen activity, 

Fig. 3.10a,b. MRI of a healthy woman during secretory phase 
(T2-weighted TSE)

b

a
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tamoxifen treatment in postmenopausal women has 
an effect that is comparable to that of oral contracep-
tives: There is a clear increase in the thickness of the 
endometrium. Moreover, the endometrium becomes 
increasingly heterogenous, which may be misinter-
preted as endometrial cancer [18].

3.3 
Imaging Findings: Uterine Cervix

In contrast to the uterine corpus, the uterine cervix 
shows only little variation of its zonal anatomy as 
depicted by MRI with age, phase of the menstrual 
cycle, hormone replacement therapy, or use of oral 
contraceptives.

On CT scans the individual layers of the wall of 
the cervix cannot be distinguished. The same holds 
true for unenhanced T1-weighted MR images, which 
depict the uterine cervix as a homogeneous cylin-
der-shaped structure of intermediate signal intensity 
without distinction of individual layers (Fig. 3.13a,b). 
The orientation of the longitudinal axis of the cervix 
is highly variable.

T2-weighted images depict three layers in most 
cases: an inner layer of high signal intensity, a fairly 
wide middle layer of low signal intensity, and an out-

Fig. 3.11. Reformatted sagittal CT image of a 55-year-old wom-
an, who underwent MSCT for polyp detection of the colon

Fig. 3.12. T2-weighted MRI of a healthy 58-year-old woman

er layer of intermediate signal intensity (Fig. 3.13c,d). 
The inner layer of high signal intensity corresponds 
to the endocervical mucosa. Sometimes an additional 
central area of very high signal intensity can be seen, 
which corresponds to the mucous within the cervical 
canal (Fig. 3.14). 

On high resolution T2-weighted images palmate 
folds of the cervical canal can be depicted as normal 
fi ndings (Fig. 3.15).

Often, nabothian cysts are seen. These are benign 
cysts of the uterine cervix that are assumed to result 
from obstruction of the cervical mucous glands [19]. 
The cysts are depicted on T2-weighted images as round 
to oval lesions with a smooth margin (Fig. 3.16).

The low-signal-intensity middle layer corresponds 
to the cervical stroma and mostly consists of connec-
tive tissue. The outer layer has a signal intensity that 
is comparable to that of the myometrium and is char-
acterized by a more loose tissue structure [20] and 
may not always be distinguishable from the parame-
tria even on T2-weighted images. The mucosa in the 
cervical canal shows the strongest enhancement and 
is thus clearly distinct from the less enhancing stro-
mal layer. The outer stromal layer of the cervix and 
the portio also show contrast enhancement.

The differentiation of the cervix versus the para-
cervical tissue of the parametria is best on T2-
weighted images compared to pre- or postcontrast 
T1-weighted images or CT scans. 
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Fig. 3.13a–d. T1-weighted and T2-weighted images of the cervix uteri of a 36-year-old woman

a b

c d
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Fig. 3.16a,b. Transversal and coronal MR images of a 40-year-old asymptomatic woman depicting Nabothian (cervical) cysts

Fig. 3.14a,b. T2-weighted TSE image detect the endocervical 
mucosa (white arrow) and cervical stroma (grey arrow) from 
the outer tissue

Fig. 3.15. MRI presenting palmate folds

a

b

b

a
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4.1 
Clinical Background

4.1.1 
Epidemiology

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 
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populations, non-standardized classifi cation systems, 
and differences in diagnostic data acquisition. Be-
cause normal pregnancies can occur in women with 
MDA and the anomalies are discovered in most cases 
of patients presenting with infertility, the reported 
prevalence of MDA in the general population is prob-
ably underestimated. The overall published data sug-
gest a prevalence range of uterovaginal anomalies 
of around 1%–3% [1–7] in the general population 
among women with normal and abnormal fertility. 
While conceiving is a minor problem for the major-
ity of women with MDA, the risk of pregnancy loss 
is truly associated with MDA and its prevalence in 
women with repeated miscarriage is considered to 
be around 3% [3, 4, 8–10]. No racial predilection is 
noted in the literature.

4.1.2 
Clinical Presentation 

MDA may become clinically evident at different ages 
depending on their specifi c characteristics and asso-
ciated disorders. The distribution among the differ-
ent classes of MDA and their clinical presentations 
are summarized in Table 4.1. In the newborn/infant 
age, an initial presentation of a palpable abdominal 
or pelvic mass due to a utero or/and vaginal ob-
struction causing intraluminal fl uid retention can 
be discovered. In the adolescent age group a delayed 
menarche or primary amenorrhea with/without a 
fl uid retention in the uterus (hematometra) and/or 
vagina (hematocolpos) may present as a painful in-
traabdominal tumor. Some patients also have cycli-
cal pain. In the childbearing age, MDA can present 
with various problems of infertility, repeated spon-
taneous abortions, premature delivery, fetal intra-
uterine growth retardation, and diffi culties during 
delivery. By understanding the defective embryolog-
ical development one can understand the potential 
for the presence of associated congenital malfor-
mations of other organ systems. Most frequently, 



50 J. Roos and R. Kubik-Huch

renal malformations like renal agenesis or ectopia 
can occur. Much less frequent are bony malforma-
tions – most of them occur in a complex of varying 
symptoms – like abnormal scapula, supernumerary 
or fused ribs, vertebral malsegmentation, fusion of 
the vertebral column (i.e. Klippel-Feil syndrome) 
and radio-carpal hypoplasia. The non-random as-
sociation of MDA, renal agenesis/ectopia, and cervi-
cothoracic somite dysplasia are subsumed under the 
so-called MURCS associations [11]. Although other 
malformations such as cardiac defects have been 
described, it remains unclear if some of the associ-
ated malformations are caused in the same develop-
ment fi eld or if early exposure to teratogenic agents 
were causative [11]. The literature does not show 
increased mortality for patients carrying an MDA 
compared to the general population, whereas the 
morbidity may be increased in some specifi c types 
of MDA causing obstructed Müllerian systems with 
the presence of hematosalpinx (retention of blood 
in the fallopian tubes), hematocolpos (retention of 
blood in the vagina), retrograde menses causing the 
potential problem of endometriosis. 

Once an MDA is suggested based on evidence 
from the patient history and physical examination, 
the next diagnostic step includes an imaging work-
up, which often detects the underlying anomaly and 
guides further (surgical) interventions.

4.1.3 
Embryology

The understanding of the embryogenesis of the uro-
genital female tract is of paramount importance to 
understand the pathogenesis of the different types of 
MDA. The female reproductive system develops from 
the two paired Müllerian ducts (synonym: parame-
sonephric duct) that start off in the embryonal 
mesoderm lateral to each Wolffi an duct (synonym: 
mesonephric duct). The paired Müllerian ducts de-
velop in medial and caudal directions, the cranial part 
remains non-fused 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 MDA 
(MDA) can be basically classifi ed into the presence 
of agenesis, hypoplasia, and defects in vertical and 
lateral fusion of the paired ducts. In 1988, the Ameri-

Table 4.1. Distribution among the different classes of MDA and their clinical presentations

Müllerian duct anomalies
(MDA)

Infl uence on reproductive/obstetric outcome Other major 
associations

Spontaneous 
abortion

Premature 
delivery

Fetal 
survival rate

Class I: 
Dysplasia (4%–10%)

No potential for reproduction Mayer-Rokitansky-
Kuster-Huser syndrome

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 incompe-
tence 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%

a All percentage data are pooled and form the current literature [6, 7, 9, 33]; values in brackets represent percentage ranges.
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can Fertility Society (AFS) [12] presented a con-
sensus in classifi cation of uterovaginal anomalies and 
published a schematization system that is widely ac-
cepted among specialists. Other used classifi cation 
systems are referenced [13–15]. Most Müllerian duct 
anomalies occur sporadically and some reports give 
descriptions of the patterns of inheritance or of expo-
sure to teratogenic agents such as di-ethyl-stilbestrol 
(DES) and thalidomide [16].

4.1.4 
Pathology

Whatever steps in embryogenesis are defective dif-
ferent types of MDA can occur. The AFS introduced 
a classifi cation system in 1988 [12] that stratifi es 
MDA into seven different classes of uterine anoma-
lies (Fig. 4.1). It is based on a previous classifi cation 
system introduced by Buttram et al. [13]. Other 
classifi cation systems followed and included broader 
collections of anomalies in order to avoid confl icting 
observations and over simplicity [15]. With all clas-
sifi cation systems, one must emphasize that with the 
overlap of associated cervical and vaginal anomalies, 
the classifi cations describe primarily the uterine de-
fects whereas the cervicovaginal defects as well as the 
associated malformations must be added separately 

in the form of a subset. The distribution among the 
different classes of MDA and their clinical presenta-
tions are summarized in Table 4.1. The diagnosis of 
MDA is based upon the clinical presentation, physical 
examination and subsequent imaging workup with 
different imaging methods available, of which MR 
imaging takes a leading role, especially in complex 
uterine malformation [17]. For the following de-
scriptions of the specifi c pathologies, we use the AFS 
classifi cation system and provide defi nitions of the 
different types of MDA in the imaging section. 

4.2 
Imaging

4.2.1 
Technique

Once an MDA is suggested based on evidence from 
the patient history and physical examination, the next 
diagnostic step includes different imaging workups in 
order to detect and specify MDA and to guide further 
treatment options. Before US and MRI were capable 
of visualizing MDA with a high accuracy, imaging of 
MDA was limited to hysterosalpingography (HSG) 

Fig. 4.1. Classifi cation system of Müllerian duct anomalies (American Fertility Society) [12]

(a) Vaginal              (b) Cervical

II  Unicornuate III  DidelphusI  Hypoplasia/agensis

    (c) Fundal       (d) Tubal     (e) Combined

V  Septate

(a) Complete                   (b) Partial

(a) Communicating     (b) Non Communicating

(c)  No cavity                      (d)  No horn

VI  Arcuate

IV  Bicornuate

(a) Complete            (b)  Partial

VII  DES drug related
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[18], a fl uoroscopic spot fi lm technique in combina-
tion with endoluminal fi lling of the uterine cavity 
with radioopaque contrast agent. Since the diagnostic 
imaging properties of MDA include mainly the con-
fi guration 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 
non-specifi c 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 pro-
vide diagnoses with high degrees of confi dence and US 
and MRI soon began to play a larger role in assessment 
and treatment of patients. As HSG provides, besides 
the morphological, also the functional information of 
tubal patency, it is still used in the primary imaging 
work-up in case of infertility clarifi cation. A newer 
technique using MR for the visualization of the tubal 
patency, so called 3D MR-HSG, is a promising imaging 
alternative, although still in the development stage, 
to the conventional HSG and avoids exposure of the 
ovaries to ionizing radiation. 

Nowadays, the fi rst imaging modality in the MDA 
assessment includes pelvic US [19, 20]; (1) transab-
dominal US (performed with a 2.5- to 5-Mhz probe) 
for evaluation of the entire abdomen, especially for 
associated renal malformations, and (2) transvagi-
nal US (performed with a 5- to 8-Mhz endovaginal 
probe) for better delineation of the uterus, vagina 
and ovaries. Hysterosonography, a technique consist-
ing of endovaginal US with prior infusion of saline 
or ultrasound contrast agent into the endometrial 
canal, further increased the delineation of the endo-
metrial cavity and is performed only for selected in-
dications, i.e., in patients with a history of infertility. 

US is highly accurate for the detection of MDA [21]. 
Newer techniques, such as 3D US [22], even further 
improved the imaging diagnostics by giving better 
information about the external contour of the uterus 
and its volume.

Magnetic resonance imaging (MRI) is today con-
sidered standard in the evaluation of MDA and ac-
cepted as the leading imaging modality for further 
surgical planning. MRI provides high resolution im-
ages of the entire uterine anatomy (internal and ex-
ternal contour), as well as of secondary fi ndings like 
renal malformations. Among the three major imaging 
methods, MRI has the best accuracy in the evaluation 
of uterine anomalies and accuracies of up to 100% 
have been reported [21, 23]. According to the author’s 
institution’s imaging protocol (Siemens, Sonata, 1.5-
Tesla MR unit, Siemens Medical; Erlangen, Germany) 
for the assessment of congenital uterine anomalies, 
MRI of the uterus includes six native sequences with-
out intravenous contrast using a bodyfl ex phased ar-
ray MR surface coil as shown in Table 4.2. If possible, 
patients should be scheduled in the second half of the 
menstrual cycle, since the thickness of the endome-
trial stripe increases during the follicular and secre-
tory phase and thus the normal zonal anatomy of the 
uterus can be better appreciated. No specifi c patient 
preparation is necessary; however, the application of 
a tampon by the patient prior to the examination can 
be helpful to delineate the vaginal lumen. An axial 
T1-weighted as well as an axial STIR 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. 

Table 4.2. MR imaging protocol for assessment of MDA

Sequence Slice
thickness

Slice
spacing

Matrix TR
(ms)

TE
(ms)

TI
(ms)

Flip
angle

Field of view
(mm)

STIR axial 7 mm 10% 256×256 6650 74 150 150 350×245

T1 TSE axial 7 mm 20% 512×256 500 11 150 350×245

T2 TSE sagittal 5 mm 20% 512×256 4900 113 180 180×180

T2 TSE coronal oblique 5 mm 10% 512×256 3770 114 150 180×180

T2 TSE axial oblique 5 mm 20% 512×256 3860 114 150 180×180

TRUFISP coronal 6 mm 25% 256×220 3.86 1.93 80 Including kidney

TSE, turbo spin echo; also known as FSE, fast spin echo; TR, repetition time; TE, time to echo; TI, time for inversion; coronal 
oblique, parallel to the long axis of the uterus; axial oblique, parallel to the short axis of the uterus; TRUFISP, ‘fast induction 
steady state potential’ gradient sequence (Siemens Medical, Germany).
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In addition, the demonstration of hemorrhage within 
the endometrial cavity (hematometra) and/or vagina 
(hematocolpos) benefi ts from T1-weighted imaging. 
T2-weighted images are most important for the as-
sessment of the uterus. Sagittal sections are best suited 
to image the uterus. Additional axial oblique sections 
parallel to the endometrial cavity results in a long-
axis view being most helpful for imaging the fundal 
contour. Whereas an oblique sequence obtained per-
pendicular to the cervical results in a short-axis view 
allows accurate assessment of the cervix, i.e., the di-
agnosis of duplication or septation. The protocol fur-
ther includes a fast sequence of the upper abdomen 
to diagnose or exclude renal pathology.

4.2.2 
Classes of Müllerian Duct Anomalies (MDA)

The percentage distribution of the different MDA 
classes and their infl uence on reproductive and ob-
stetric outcome, as well as their major associations, 
is summarized in Table 4.1.

4.2.2.1 
Class I Anomalies: Dysgenesis

Defi nition: Dysgenesis (segmental agenesis and vari-
able hypoplasia) of the Müllerian ducts (uterus and 
upper 2/3 vagina) [11, 24] (Fig. 4.2).

Fig. 4.2a–c. An 18-year-old female patient with primary amen-
orrhea. Sagittal T2-weighted (a) and axial T2-weighted (b) MR 
image confi rms the diagnosis of Mayer-Rokitansky-Kuster 
syndrome consisting of agenesis of uterus and vagina. Note 
absence of uterus and upper two thirds of vagina (asterisk, 
bladder; arrows, rectum) and the associated renal agenesis de-
picted on an additional acquired axial T1-weighted image (c)

a

b

c
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Fig. 4.3a–d. A 28-year-old female patient with infertility. HSG (a) shows a fusiform “banana-shaped” confi guration 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 confi guration is highly suggestive of the presence of a unicornuate uterus. Iat-
rogenic fi lling defects in the uterine cavity by air bubbles. Oblique T2-weighted MR images (b,c) and coronal T2-weighted MR 
image (d) confi rm 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 corresponding to a rudimentary 
horn with no endometrium – can be depicted on the right side (arrowheads). No surgical resection is needed in this case

a b

c d
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Mayer-Rokitansky-Kuster syndrome is the most 
common form of Class I anomaly and includes agen-
esis of uterus and vagina.

4.2.2.2 
Class II Anomalies: Unicornuate Uterus

Defi nition: Unicornuate uterus as a result of partial 
or complete hypoplasia of one Müllerian duct [25] 
(Fig. 4.3).

Unicornuate uterus may be isolated (35%) or as-
sociated with a contralateral rudimentary horn. The 
rudimentary horns present with or without com-
munication to the endometrial cavity and may be 
associated with or without endometrium, which is 
also called no cavity rudimentary horn. In patients 
with cavity non-communicating rudimentary horn, 
dysmenorrhea and hematometra may occur. Surgi-
cal resection to either relieve symptomatic pain or 
to reduce the risk of potential ectopic pregnancy is 
justifi ed. As with every obstructed system, the risk of 
endometriosis is also increased with a non-commu-
nicating rudimentary horn. Renal malformations are 
common with unicornuate uterus and occur mostly 

on the same side as the rudimentary horn could be 
found.

4.2.2.3 
Class III Anomalies: Uterus Didelphys 

Defi nition: Uterus didelphys as a result of complete 
non-fusion of the Müllerian ducts forming a com-
plete uterine duplication with no communication 
between each other [23, 26, 27] (Fig. 4.4). 

Uterus didelphys may be associated with a longitu-
dinal (75%) or, more rarely, with a transverse vaginal 
septum, the latter causing obstructive hematome-
trocolpos. Endometriosis as a result of retrograde 
menstruation may also occur in these conditions. A 
non-obstructive uterus didelphys is usually asymp-
tomatic.

4.2.2.4 
Class IV Anomalies: Bicornuate Uterus  

Defi nition: Bicornuate uterus is the result of incom-
plete fusion of the cranial parts of the müllerian ducts 
[21, 28] (Fig. 4.5).

Fig. 4.4a,b. A 33-year-old female patient with a history of partially resected longitudinal vaginal septum. Transverse oblique 
T2-weighted MR images (a) show complete duplication of the uterine horns (arrows), as well as two duplicated cervices 
( arrowheads). The cavities show their normal zonal anatomy. Note the longitudinal vaginal septum (b) which appears in 75% 
of uterus didelphys

a b
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Two uterine cavities with normal zonal anatomy 
can be depicted. The leading imaging feature 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 inter-
nal cervical os characterizes the complete bicornu-
ate uterus with a single cervix (bicornuate, unicollis 
uterus), whereas variants of partial bicornuate uterus 
exist if the cleft is of variable length. Bicornuate uter-
us may be associated with a duplicated cervix (bicor-
nuate bicollis uterus), as well as with a longitudinal 

vaginal septum that coexists in up to 25% of bicornu-
ate uterus. Nevertheless, a degree of communication 
is always present between both uterine cavities. Still 
controversial is the need for surgical intervention 
and this is probably only necessary in specifi c cases. 
A higher rate of cervical incompetence seems to be 
associated with bicornuate uterus.

4.2.2.5 
Class V Anomalies: Septate Uterus  

Defi nition: Septate uterus is a result of partial or 
complete non-regression of the midline uterovaginal 

Fig. 4.5a–d. A 17-year-old female patient. Transvaginal US (a) depicts two endometrial cavities (arrows) in the coronal plane consist-
ing of a hyperechogenic endometrial stripe and a hypoechogenic myometrial layer. A intervening external fundal cleft was visible 
during the examination by interactively turning the image plane (arrowheads). The highly suspected presence of a bicornuate uterus 
was confi rmed 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 conjoin to one single cervix (d) as shown in a T2-weighted axial image (bicornuate, unicollis uterus)

a b

c d
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septum [21, 23, 29–32] (Fig. 4.6). The main imaging 
feature is that the external contour of the uterine fun-
dus may be either convex of mildly concave (<1 cm) 
and not with a cleft greater than 1 cm, the latter defi n-
ing a bicornuate or didelphic uterus [3, 23].

Septate uterus is the most common Müllerian duct 
anomaly and is unfortunately associated with the 
poorest reproductive outcome. Because of different 
treatment options, septate uterus must be differenti-

ated from bicornuate and didelphic uterus. A widely 
accepted defi nition therefore – empirically invented 
during laparoscopy procedures – states that a uterus 
is septate if the outer contour of the uterine fundus is 
only mildly concave in the presence of a septum. The 
cut-off of concavity is 1 cm; deeper concavity is asso-
ciated with bicornuate uterus and uterus didelphys. 
In a complete septate uterus, the septum extends to 
the external cervical os. In 25% of septate uteri, the 

Fig. 4.6a,b. A 29-year-old female patient with infertility. Coronal T2-weighted 
MR image (a) demonstrates an external uterine contour with mild external cleft 
( arrowheads), 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 show 
the extension of the longitudinal septum to the external cervix os

b

a
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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 com-
posed of muscle or fi brous tissue and is not a reliable 
means of distinguishing septate and bicornuate uteri. 
Resection of the septum by hysteroscopic metroplas-
ty is indicated and may improve the reproductive 
outcome signifi cantly. 

4.2.2.6 
Class VI Anomalies: Arcuate Uterus

Defi ntion: Arcuate uterus is the result of a near com-
plete regression of the uterovaginal septum forming 
a mild and broad saddle-shaped indentation of the 
fundal endometrium [13]. 
Differentiation from bicornuate uterus is based on 
the complete fundal unifi cation; however, a broad-
based septate uterus is diffi cult 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 variant. Fact is that MRI 
may detect this abnormality but, typically, it is not 
clinically signifi cant because arcuate uterus has no 
signifi cant negative effects on pregnancy outcome.

4.2.2.7 
Class VII Anomalies

DES-exposed uterus. DES (synthetic estrogen, di-
ethyl-stilbestrol, 1948-1971) may induce abnormal 
myometrial hypertrophy in the fetal uterus forming 
small T-shaped endometrial cavities [33], as well as 
increase the risk of developing a clear cell carcinoma 
of the vagina [34]. The characteristic uterine abnor-
malities must be categorized in the group of complex 
uterine anomalies and may occur with or without the 
exposure of DES.
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5.1 
Uterine Leiomyomas: Background

5.1.1 
Epidemiology

Leiomyomas, or fi broids, are the most common be-
nign tumors of the uterus. The incidence of fi broids 
is diffi cult 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 [2, 21, 30]. Only about one 
third of affected women have fi broids that become 
clinically apparent before menopause. Fibroids may 
cause abnormal menstrual bleeding (menorrhagia 
with secondary anemia, dysmenorrhea) or pelvic 
pressure due to their mass effect (urinary frequency, 
constipation, pelvic pain, dyspareunia). Finally, leio-
myomas of the uterus are also implicated in female 
infertility and are the most common indication for 
hysterectomy in western industrialized countries. In 
the USA 200,000 hysterectomies are performed for 
uterine fi broids each year [42, 47, 170].

Fibroids are smooth muscle tumors of the uterus 
that are infl uenced by steroid hormones and develop 
in women of reproductive age. They do not occur be-
fore puberty and fi broid-related symptoms become 
less severe or resolve altogether with the onset of 
menopause as a result of decreasing levels of steroid 
hormones (estrogen, progesterone) and cessation of 
the menstrual cycle. However, women on hormone 
replacement therapy may suffer from fi broid-related 
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complaints even after the sixth decade of life [153]. 
Hormonal stimulation during pregnancy can lead to 
considerable growth of fi broids and spontaneous inf-
arction [29, 59]. Uterine fi broids 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 fi broids than a white woman [114]. 
Reproductive factors also play a role. Fibroids are two 
times more common in nulliparous women as com-
pared with women who have given birth and multiple 
pregnancies reduce the risk further [134, 162, 166]. 
Other factors associated with an increased risk (early 
menarche and late menopause, obesity, tamoxifen 
therapy) or reduced risk of leiomyoma development 
(smoking, low-meat diet) have been described [41, 
47]. 

5.1.2 
Pathogenesis

Our knowledge of the pathogenesis of uterine fi -
broids is still inadequate. Both genetic factors, ster-
oid hormones and growth factors play a role in their 
development and growth. Two mechanisms involved 
in the development of fi broids can be distinguished: 
the initial neoplastic transformation of normal myo-
cytes and the further increase in size under the in-
fl uence of hormones and growth factors [47, 170]. 
While only little is known about the initial stimulus, 
it is undisputed that leiomyomas exhibit a variety of 
characteristic changes of the karyotype which give 
rise to a similar phenotype whose further growth 
occurs via clonal expansion [60, 198]. 

Estrogen and progesterone promote the develop-
ment of leiomyomas whereas growth factors are as-
sumed to act as mediators or effectors of these steroid 
hormones in leiomyomas [47, 48]. Estrogens are as-
signed a central role both in the development of lei-
omyomas and with regard to local effects resulting 
from a so-called leiomyoma-related hyperestrogenic 
environment. Compared to normal myometrium, fi -
broid tissue is more sensitive to estradiol, has more 
estrogen receptors, and an increased aromatase ac-
tivity, which enhances the synthesis of estrogens 
within the fi broids [108, 164, 172, 192]. Finally, glan-
dular hyperplasia of the endometrium has been dem-
onstrated in the immediate vicinity of submucosal 
leiomyomas and is attributed to the effect of local 
hyperestrogenism [21]. Traditionally, estrogens were 
assumed to have the most important role in fi broid 
growth. Alternatively, it has been hypothesized that 

progesterones have a crucial role as it has been ob-
served that the highest progesterone levels that oc-
cur during the secretory phase of the uterus coincide 
with the highest mitotic rate in leiomyomas [85, 154]. 
Many cytokines and growth factors stimulate fi broid 
growth [177]. These include transforming growth 
factor-ß (TGF-β), insulin-like growth factors 1 and 
2 (IGF-1/2), basic fi broblast growth factor (bFGF), 
platelet-derived growth factor (PDGF), and epider-
mal growth factor (EGF) [176]. The expression of 
these factors is modulated by steroid hormones, sug-
gesting that these factors are the ultimate effectors of 
the steroid hormones [207].

5.1.3 
Histopathology

Leiomyomas are benign tumors arising from uterine 
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 structures 
of the uterus such as the broad ligament. So-called 
parasitic leiomyomas are no longer contiguous with 
the uterus and develop an atypical blood supply [88, 
109, 217]. Two thirds of affected women have multiple 
fi broids. The majority of fi broids are seen as round 
lesions with a well-defi ned margin (Fig. 5.1). Growing 
fi broids displace the surrounding tissue, giving rise to 
a pseudocapsule of condensed myometrium, which 
allows surgical enucleation of the tumors. Macro-
scopically, the cut surface of leiomyomas has a whorl-
like appearance. Histologically, leiomyomas are made 
up of intertwined smooth muscle cells arranged in 
fascicles forming whorl-like patterns (Fig. 5.2). These 
smooth muscle cells are embedded in a stroma of col-
lagen fi bers. Microscopically, the uniform cells have 
cigar-shaped nuclei and an eosinophilic fi brillary 
cytoplasm. The majority of fi broids show higher cell 
density than the surrounding myometrium. Mitosis 
and atypia are not found in fi broids. 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 uter-
us. The latter comprise benign metastatic leiomyo-
matosis, peritoneal disseminated leiomyomatosis, 
and intravenous leiomyomatosis [62, 160, 189, 203]. 
Diffuse leiomyomatosis (Fig. 5.3) is characterized 
by the presence of many small ill-defi ned leiomyo-
mas that may be confl uent. The tumors are found 
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Fig. 5.1. Macroscopic pathology of leiomyoma. Macroscopic uterine specimen showing a single in-
tramural leiomyoma in the wall of the uterine corpus abutting the endometrial cavity and deform-
ing the outer contour of the uterus. A surrounding pseudocapsule of compressed myometrium 
can also be depicted

Fig. 5.2. Histopathology of uterine leiomyoma. H&E stained section of a leiomyoma specimen 
showing monomorphic smooth muscle cells arranged in fascicles forming whorl-like patterns
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throughout the myometrium and cause symmetrical 
enlargement of the uterus [125, 161]. 

Another factor contributing to the very heteroge-
neous imaging appearance of uterine fi broids is the 
presence of degenerative changes. Fibroids undergo 
degeneration when the tumors outgrow their blood 
supply. Typical degenerative changes such as hyaline 
degeneration, which is present in over 60% of leiomyo-
mas, as well as hemorrhagic (red), myxoid, and (rare) 
cystic degeneration (4%) can be differentiated by MRI 
[220]. Other typical changes are amorphous or plaque-
like calcifi cations, which are present in 3%–8% of leio-
myomas [24]. Most of the fi broid subtypes that can be 
distinguished histologically or by imaging as well as 
the degenerative changes outlined above have no clini-
cal relevance for therapeutic decision-making. An ex-
ception is hemorrhagic infarction of a fi broid during 
pregnancy, which is identifi ed by MRI in a straightfor-
ward manner [59]. Criteria that are used for the differ-
entiation of a leiomyosarcoma from fi broids include an 
increased mitosis rate, the presence of cytologic atypia 
as well as the presence of coagulation necrosis with or 
without intralesional hemorrhage [11, 54, 77, 87]. He-
morrhage and necrosis within leiomyomas 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 em-
bolization (UAE). Postinterventional hemorrhage and 
necrosis may in this setting affect large portions or the 
whole leiomyoma [211]. 

5.1.4 
Clinical Presentation

Leiomyomas of the uterus are rare under the age of 30; 
they typically become manifest during the fourth to 
sixth decades of life. Typical symptoms are excessive 
and/or prolonged menstrual bleeding (hypermenor-
rhea and menorrhagia). Bleeding between periods or 
irregular bleeding may be observed in patients with 
pedunculated submucosal fi broids but is not character-
istic and therefore requires diagnostic evaluation of the 
endometrium (endometrial biopsy, dilatation and cu-
rettage). Women with heavy periods frequently develop 
iron defi ciency anemia. Other frequently reported com-
plaints are bulk symptoms manifesting as a premen-
strual sensation of fullness (increased abdominal/pelvic 
girth), urinary urgency, and indigestion. Affected wom-
en usually complain of painful periods (dysmenorrhea), 
less common is unspecifi c pain radiating into the fl ank 
or the back, or pain during intercourse (dyspareunia). 
These symptoms alone are not characteristic of uterine 
fi broids and must be interpreted in conjunction with a 
patient’s history and imaging fi ndings.

A patient’s symptoms vary with the location and 
size of the fi broids. For example, submucosal fi broids 
can cause severe menstrual bleeding even when they 
are very small. In women with this type of fi broid, ab-
normal menstrual bleeding is attributed to ulceration 
and rarefaction of the endometrium over the fi broid 
due to compression, reduced uterine contractility, and 

Fig. 5.3. Macroscopic pathol-
ogy of diffuse leiomyomatosis 
of the uterus. Macroscopic 
uterine specimen showing 
multiple ill-defi ned leiomyo-
mas throughout all uterine 
layers ranging from millim-
eters to several centimeters 
in size. The leiomyomas are 
partially confl uent and have 
replaced almost the entire 
normal myometrium, a condi-
tion also known under the 
term of (diffuse) leiomyoma-
tosis
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congestion of endometrial veins. Intramural fi broids 
are associated with an especially high incidence of ab-
normal and painful menstrual bleeding. 

In patients presenting with dysmenorrhea as the 
leading clinical symptoms, the examiner should always 
consider uterine adenomyosis and endometriosis in 
the differential diagnosis [219]. Subserosal fi broids 
can become very large without causing any symptoms. 
Compression of the intestine and urinary bladder with 
urinary frequency or urgency, and abdominal bloat-
ing around periods are more commonly associated 
with subserosal fi broids. Moreover, there is increasing 
evidence suggesting that symptoms are not only due 
to merely mechanical local effects, but that additional 
factors associated with specifi c biological activities of 
the fi broids also play a considerable role. Such func-
tional factors infl uence the subendometrial vascular 
bed through dysregulation of growth and angiogenic 
factors and are primarily implicated to cause fi broid-
related abnormal menstrual bleeding [32, 187].

The impairment of quality of life caused by fi broid-
related problems and the measurable loss of economic 
productivity due to absence from work are consider-
able. For the US it has been estimated that at least 5 
million workdays are lost per year due to fi broids and 
that the annual treatment cost amounts to US$ 3 bil-
lion [56]. The high incidence of fi broids and its socio-
economic implications as well as individual loss of 
quality of life are in sharp contrast to our still limited 
understanding of the pathogenesis of uterine fi broids 
and inadequate 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 alternative thera-
peutic options to replace the radical surgical approach 
of hysterectomy [126]. Surgical removal of the uterus 
continues to be the most widely used therapeutic ap-
proach in patients with symptomatic fi broids. In West-
ern industrialized countries, uterine fi broids are the 
most frequent indication for removal of the uterus, ac-
counting for 200,000 hysterectomies per year in the US 
alone [42, 47, 170]. One in fi ve women in Great Britain 
will undergo hysterectomy before the age of 55 with 
90% of all hysterectomies being performed for uterine 
leiomyomas [40, 206]. Only recently – and not least of 
all because more and more affected patients are ask-
ing for alternative nonsurgical, uterus-sparing thera-
pies – has research interest in this area focused on the 
stratifi cation of therapy and the scientifi c evaluation 
of alternative therapeutic options such uterine artery 
embolization [3].

5.1.5 
Therapy

5.1.5.1 
Indications

Treatment of uterine fi broids is indicated when they 
cause symptoms [3] while a wait-and-see approach is 
in order in women without symptoms. Whether treat-
ment is indicated or not does not depend on the size 
of the uterus or that of individual fi broid tumors since 
there is no evidence that marked enlargement of the 
uterus is associated with an increased surgical mor-
bidity. Traditionally, rapid growth of a fi broid has been 
interpreted as a sign of malignancy (leiomyosarcoma), 
while the results of larger studies do not confi rm this 
assumption [106, 137]. When deciding about hysterec-
tomy for exclusion of potential leimyosarcoma (preva-
lence: 1:2000), one has to critically weigh the benefi t 
against the surgical mortality rate (1.0–1.6:1000) [3]. 
More recent studies suggest that transcervical needle 
biopsy in combination with enzyme marker determi-
nation (LDH) and MRI can contribute to therapeutic 
decision-making [87]. A relative indication for treat-
ing asymptomatic leiomyomas exists in women who 
want to conceive and have a history of miscarriage 
and proven fi broid-related deformity of the uterine 
cavity. In these cases treatment is indicated because the 
fi broids can interfere with placentation and pregnancy 
is associated with additional risks [59, 143, 146, 159].

5.1.5.2 
Medical Therapy and Ablation

Medical therapy is usually symptomatic and aims 
to relieve fi broid-related abnormal menstrual bleed-
ing (hypermenorrhea, menorrhagia), dysmenorrhea, 
and bulk symptoms. Oral contraceptives of different 
hormonal composition and nonsteroidal anti-in-
fl ammatory drugs with analgesic and antifi brino-
lytic effects are used, although evidence for their 
long-term effectiveness in treating uterine fi broids 
is not available [126, 186]. Moreover, there is no data 
demonstrating a growth-reducing effect of oral con-
traceptives. These therapeutic options are used in the 
routine clinical setting to bridge the time until defi ni-
tive therapy is performed. Treatment with GnRH ana-
logues improves fi broid-related symptoms and leads 
to a transient reduction of fi broid size. Maximum size 
reduction is seen after about 3 months of treatment. 
Once GnRH analogues are discontinued, however, 
leiomyomas will again increase in size. This is why 



66 T. J. Kröncke

GnRH analogues are given only to reduce leiomyoma 
size prior to surgery [218]. GnRH administration is 
also benefi cial to minimize blood loss in case of larg-
er fi broids or for the transient treatment of anemia 
resulting from heavy menstrual bleeding. However, 
GnRH treatment causes softening of fi broids, which 
is a disadvantage for surgical enucleation.

The severity of menstrual bleeding can be reduced 
by insertion of a levonorgestrel-releasing intrauterine 
device (IUD) [123, 213]. The effect of such IUDs is 
based on the local activity of continuously released 
progesterone, which effectively suppresses the en-
dometrium. While data from larger studies regarding 
risks, adverse events and the long-term effectiveness 
in patients with multiple leiomyomas of the uterus is 
lacking, it is known that an IUD for the treatment of 
hypermenorrhea has a higher failure rate in the pres-
ence of submucosal fi broids [213].

Endometrial ablation is a permanent and invasive 
therapeutic option which relieves excessive menstrual 
bleeding in 62%–79% of cases [175]. Thermoablation 
of the endometrium is performed using a balloon or 
roller ball technique and a hysteroscopic access. The 
success of endometrial ablation in the presence of fi -
broids is small since not the entire endometrium is ac-
cessible in women with multiple leiomyomas because 
of enlargement and deformity of the uterine cavity.

5.1.5.3 
Surgical Therapy

Hysterectomy is a defi nitive cure in patients with 
a symptomatic multifi broid uterus. Both abdominal 
and vaginal hysterectomy is associated 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 [16]. As an 
alternative to hysterectomy, uterus-sparing operative, 
ablative, and interventional radiological procedures 
are available, depending on location and size of fi -
broids present, the patient’s age, desire to have chil-
dren, and personal preferences.

Depending on their location, leiomyomas can be 
resected or enucleated using a hysteroscopic or lapar-
oscopic access or open laparotomy. Hysteroscopic 
resection is suitable to remove submucosal leiomyo-
mas. Hysteroscopic resection is generally considered 
unsuitable for submucosal leiomyomas larger than 
5 cm in size, if more than three fi broids 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 resec-
tion because the risk of perforation increases when 
the residual myometrium is thin [210]. The rate of 
repeat interventions necessary after hysteroscopic fi -
broid resection is reported to range from 16%–21% 
for a follow-up period of 4–9 years [31, 58]. Fewer re-
peat interventions are required (8%) when hystero-
scopic fi broid resection is combined with ablation of 
the endometrium [205]. 

A laparoscopic access is used to remove visible sub-
serosal and intramural leiomyomas in combination 
with reconstruction of the uterus. This approach is un-
suitable in the presence of very large fi broids or a mark-
edly enlarged uterus because these factors limit the use 
of the laparoscope and visibility. Using the laparoscopic 
approach, multiple fi broids can be enucleated in one 
session. Visible fi broids can be removed while intra-
mural tumors are not easily accessible to laparoscopic 
removal. Incision of the uterine cavity necessary for 
the removal of transmural fi broids is considered a dis-
advantage because it is associated with the risk of syn-
echia. Adhesions are observed in 33%–54% of patients 
following laparoscopic interventions [35, 61, 110]. The 
risk of recurrence after laparoscopic fi broid removal 
is up to 50% in women followed up for up to 5 years 
[34, 127]. Laparotomy is primarily used in patients with 
one or more large fi broids, which are removed using an 
adjusted abdominal incision. The perioperative risks of 
laparotomy are comparable to those of hysterectomy 
while the rate of adhesions may be as high as 90% [167, 
202]. The recurrence rate after abdominal myomectomy 
is 10% within 5 years and up to 27% after 10 years. One 
third of the patients with recurrent leiomyomas will ul-
timately undergo hysterectomy [23, 43].

5.1.5.4 
Uterine Artery Embolization (UAE)

Uterine artery embolization (UAE) is an established 
technique that has been used to stop life-threaten-
ing vaginal hemorrhage in women with malignancy, 
postpartum uterine atony, or traumatic injury since 
the mid-1970s [8, 18, 52, 64, 112]. The fi rst successful 
treatment of symptomatic fi broids of the uterus by 
UAE was reported by Ravina et al. in 1994 [150].

Embolization of the uterine artery induces infarc-
tion of fi broids while uterine perfusion is maintained 
[84, 119]. Infarction leads to coagulation necrosis and 
subsequent complete hyalinization of the fi broids [27, 
119, 211]. 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 uter-
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us of 23%–60%, while the dominant fi broid decreases 
by 42%–78% on average. Progressive shrinkage of the 
fi broids has been documented for a period of 12 months 
[19, 70, 101, 120, 147, 148, 179, 209]. Several studies pro-
vide evidence for a relief of bleeding-related symptoms 
in 80%–100% of patients and a regression of bulk symp-
toms in 60%–100% of patients followed up for 3–60 
months [4, 19, 70, 83, 101, 120, 147, 148, 179, 209]. Studies 
comparing UAE with hysterectomy and myomectomy 
in the treatment of symptomatic uterine leiomyomas 
suggest that UAE has a similar success rate in terms of 
symptom relief and patient satisfaction, while it has a 
lower complication rate and shorter recovery period 
as compared with the surgical procedures [15, 111, 152, 
182]. These results are confi rmed by two randomized 
studies [63, 144]. Only few investigators report long-
term results after UAE but the available data suggests 
that permanent improvement of symptoms can be ex-
pected in two thirds of women [15, 181]. Complications 
during the intervention are extremely rare [100, 185]. 
Following UAE, 5%–10% of the patients report vaginal 
discharge with or without tissue passage and expulsion 
of infarcted fi broids may occur [1, 13, 98, 136]. Fibroid 
expulsion occurs weeks to months after the intervention 
and may necessitate administration of antibiotics and 
pain medication if complicated by superinfection and, 
in rare cases, surgically assisted removal or hysteroscop-
ic resection [70, 120, 179]. Transient amenorrhea persist-
ing for up to three cycles is not unusual while permanent 
amenorrhea is rare and occurs more commonly in pa-
tients over 45 years than in younger ones [26, 200, 209]. 
UAE can be performed in patients with single or multi-
ple fi broids but, based on current knowledge, patients 
who wish to preserve their fertility should be treated by 
UAE only if alternative, uterus-sparing therapeutic ap-
proaches have been attempted or are not an option. All 
uterus-sparing therapeutic approaches share the risk of 
newly occurring fi broids and may require repeat inter-
ventions or hysterectomy due to complications of surgi-
cal or interventional treatment. 

5.2 
Adenomyosis of the Uterus

5.2.1 
Epidemiology

Adenomyosis (endometriosis genitalis interna) of 
the uterus affects premenopausal women and is pre-

dominantly seen in multiparous women and women 
over 30 years of age [9, 135]. Because its symptoms 
are unspecifi c, adenomyosis rarely comes to clinical 
attention, which is why the incidence of this uterine 
condition is underestimated [9]. Until recently, the di-
agnosis was established almost exclusively after hys-
terectomy. Histologic examination of hysterectomy 
specimens demonstrates adenomyosis in 19%–63% 
of cases [9]. Adenomyosis often occurs in conjunc-
tion with fi broids and endometriosis (endometriosis 
genitalis externa et extragenitalis) [103, 219].

5.2.2 
Pathogenesis

Adenomyosis is a nonneoplastic condition which 
results from the dislocation of basal endometrial 
glands and stroma into the underlying myometrium 
[46]. It has been shown that adenomyosis progresses 
with age, suggesting that there is continuous progres-
sion from superfi cial to deep myometrial involve-
ment [102]. The dislocated endometrial glands in 
adenomyosis do not undergo cyclic changes, which 
has been attributed to the predominance of the zona 
basalis in these glands [9]. The mechanism underly-
ing the dislocation of basal endometrium is largely 
unknown. Estrogen-mediated and mechanical effects 
seem to play a role. Since adenomyosis is seen pre-
dominantly in parous women, a breakdown of the 
basal layer of the endometrium and myometrium due 
to postpartum endometritis has also been proposed 
as a possible cause [173].

5.2.3 
Histopathology

Adenomyosis presents morphologically as focal ar-
eas or diffuse involvement of the uterus. Grossly, the 
cut surface is characterized by a whorled texture 
which results from the irregular trabeculations of 
the thickened myometrium (Fig. 5.4). Another com-
mon feature are cyst-like lesions. Hemorrhagic foci 
within the myometrium may also be seen on gross 
inspection. The diagnosis is based on the histologic 
demonstration of dispersed endometrial glandular 
tissue in the myometrium 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 fi eld (×100) 
within the myometrium measured from the endo-
myometrial junction [220]. The islets of glandular tis-
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sue are surrounded by hypertrophied myometrium 
(Fig. 5.5). Pathologically a superfi cial form of adeno-
myosis which only involves the inner myometrium 
can be differentiated from deep-infi ltrating adeno-
myosis which considerably enlarges the uterine wall 
due to smooth muscle hyperplasia adjacent to deep-
infi ltrating endometrial glands [46].

5.2.4 
Clinical Presentation

The clinical presentation of adenomyosis is unspecifi c 
and includes symptoms such as dysmenorrhea, men-
orrhagia, and pelvic pain, which are also common 
in disorders like dysfunctional bleeding, leiomyoma, 
and endometriosis. The uterus is frequently enlarged 
in women with adenomyosis but not distorted in its 

shape like with uterine leiomyoma. Women with su-
perfi cial or focal adenomyosis may be asymptomatic 
in contrast to women with extensive disease in whom 
the uterus usually is also markedly enlarged. The 
depth of involvement of the uterine wall correlates 
to some degree with clinical symptoms [12, 14, 117]. 
Dysmenorrhea has been reported to be more fre-
quent when involvement of the myometrium by ad-
enomyosis exceeds 80% of the diameter of the uterine 
wall [128].

5.2.5 
Therapy

Hysterectomy is still considered the defi nitive treat-
ment in patients with symptomatic adenomyosis. 
However, initially less invasive therapeutic options 

Fig. 5.4a,b. Macroscopic pathology of adenomyosis of the 
uterus. a Macroscopic uterine specimen showing focal adeno-
myosis. A thickened anterior uterine wall with broadening of 
the myometrium as well as irregular myometrial trabecula-
tions and multiple micro-cysts are visible. b Magnifi ed 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

a

b
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should be considered 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-infl amma-
tory drugs, but suppression of the endometrium by 
hormonal treatment with danazol or gonadotropin-
releasing hormones (GnRH) may be needed. Intrau-
terine devices (IUD) which release levonorgestrel 
have been shown to be effective in controlling men-
orrhagia caused by adenomyosis although symptoms 
return once the IUD is removed [45]. Endometrial ab-
lation or resection denudes the endometrial layer of 
the uterus and is an option for women with predomi-
nantly abnormal uterine bleeding. Adenomyosis of 
the superfi cial type with less than 2 mm penetration 
responds better than deep-infi ltrating adenomyosis 
to endometrial ablation [118].

Uterus-conserving surgery is hampered by the 
lack of a clearly defi ned dissection plane but may be 
of value in the infertile patient [133]. Laparoscopic 
resection of adenomyosis has been shown to reduce 
pain, menorrhagia, and dysmenorrhea in small case 
series with limited follow-up [124, 214]. Recently, 
uterine artery embolization (UAE) has been reported 
to be successful in relieving menorrhagia and dys-
menorrhea at short-term. The long-term benefi t of 
UAE in patients with adenomyosis is still under in-
vestigation [93, 94, 141, 174].

5.3 
Imaging

5.3.1 
Diagnostic Imaging for Uterine Leiomyomas 
and Adenomyosis – An Overview

Uterine leiomyomas and adenomyosis cannot be reli-
ably differentiated on clinical grounds because both 
conditions cause similar symptoms. 

Leiomyomas of the uterus, once they have reached a 
certain size, can be palpated and differentiated from 
the uterine wall as solid tumors that tend to be mo-
bile. Bimanual palpation is typically supplemented by 
transvaginal ultrasound (TVUS) or, in patients with 
a markedly enlarged uterus, transabdominal ultra-
sound. 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 work-
up of women with uterine leiomyomas. Ultrasound 
depicts fi broids as hypoechoic round lesions which are 
sharply demarcated from the remainder of the uterus 
(Fig. 5.6). Anechoic cystic portions and degenerative 
changes with a heterogeneous echo pattern within the 
lesions are quite common. US enables reliable assess-
ment of the location of fi broids and their topographic 

Fig. 5.5. Histopathol-
ogy of adenomyosis of 
the uterus. Dislocated 
endometrial glands are 
surrounded by hyper-
trophied myometrium. 
(Reproduced with per-
mission from [222])
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Fig. 5.6. Transvaginal ultrasound (TVUS) of uterine leiomyoma. TVUS demonstrates a well defi ned 
subserosal leiomyoma (arrow) distorting the outer contour of the uterine wall. The leiomyoma 
shows a heterogenous echotexture and is hypoechoic compared to the adjacent myometrium and 
endometrium. The endometrium is seen as a hyperechoic stripe

Fig. 5.7. Transvaginal ultrasound of leiomyoma. Transvaginal color-coded duplex ultrasound 
demonstrates the perifi broid plexus vessels surrounding the leiomyoma
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relationship to surrounding structures, and in par-
ticular the uterine cavity, in most cases. Additional 
color-coded duplex ultrasound will depict tumor vas-
cularity and demonstrate typical features such as a 
central vessel or a marginal vascular network (Fig. 5.7). 
Hysterosonography with the instillation of fl uid into 
the uterine cavity improves the diagnostic accuracy 
of TVUS in detecting submucosal fi broids, differentia-
tion from endometrial polyps, and determining depth 
of myometrial (uterine wall) involvement [38].

Endoscopic procedures such as laparoscopy or 
hysteroscopy have a role in patients with suspected 
fi broids and inconclusive US fi ndings. Moreover, hys-
teroscopy is performed in conjunction with endome-
trial sampling in women with abnormal menstrual 
bleeding and for specifi c diagnostic purposes such as 
evaluation of the uterine cavity and tubes in infertile 
women with fi broids. In patients with known uterine 
leiomyomas, laparoscopy and hysteroscopy have their 
main role as therapeutic procedures for the uterus-
sparing resection of known uterine fi broids.

Magnetic resonance imaging (MRI) is the most ac-
curate diagnostic modality for assessing uterine leio-
myomas [37]. MRI enables assessment of the uterus in 
multiplanar orientation and without interference from 
superimposed structures. MRI provides not only accu-
rate information on the number and size of fi broids 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. 5.8 and 
5.9). The unique soft tissue contrast afforded by MRI 
enables good delineation of the fi broid tumors from 
adjacent myometrium, the junctional zone, which is 
important for the differential diagnosis, and the en-
dometrium and also enables evaluation of the internal 
make-up of fi broids including secondary degenerative 
changes. These features thus make MRI superior to 
all other imaging modalities in characterizing uterine 
fi broids. MRI is of use in patients with inconclusive US 
fi ndings with regard to the differential diagnosis of a 
pelvic lesion or the origin of a lesion from the uterus 
or the ovary [171, 212]. MRI is increasingly being used 
to evaluate the feasibility of uterus-sparing surgical 
therapy or a radiologic intervention [36]. To establish 
the indication for hysteroscopic or laparoscopic resec-
tion, it is necessary to know the number and size of 
fi broids as well as their precise position, in particular 
their relationship to the uterine cavity and their depth 
within the wall [39, 68]. In evaluating potential candi-
dates for UAE, MRI provides information on the size 
of the individual fi broids, the presence of pedunculated 
or parasitic leiomyomas, the nature of degenerative 
changes, the degree of fi broid vascularization and the 
vascular supply of the uterus. 

Computed tomography (CT) with its poor soft tissue 
contrast is of limited value in diagnosing benign chang-
es of the uterus. CT does not allow adequate differen-

Fig. 5.8. MRI of leio-
myoma – locations. 
Transaxial T2-weighted 
image depicts multiple, 
mainly subserosal uterine 
leiomyoma. There is mild 
distortion of the uterine 
cavity by a transmural 
(full thickness) leiomyo-
ma (arrow)
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tiation of the different uterine layers and hence fails 
to reliably assign uterine lesions to a specifi c layer. In-
travenous contrast medium administration improves 
the differentiation of adjacent structures but does not 
improve the differential diagnosis (Fig. 5.10). On CT 
scans, uterine fi broids are isodense with muscle and 
can occasionally be identifi ed by the presence of typi-
cal calcifi cations on unenhanced images. There are no 
specifi c CT criteria for the presence of adenomyosis.

Adenomyosis – when severe – causes enlargement of 
the uterus but differs from fi broid-related enlarge-
ment in that the uterus is soft on palpation. TVUS 
will depict areas of reduced echogenicity or a het-
erogeneous appearance in about 75% of patients with 
adenomyosis [17, 44, 155]. Apart from asymmetric 
thickening of the myometrium in the presence of fo-
cal adenomyosis, other morphologic features that are 
indicative of adenomyosis are a poor defi nition of the 
endomyometrial junction, the presence of myome-
trial cysts (< 5 mm) in up to 50% of affected patients, 
as well as echogenic lines or spots within the myo-
metrium [44, 72]. Circumscribed lesions are absent in 
the majority of cases. Good diagnostic performance 
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 [25, 65]. 
Transvaginal ultrasound has a reported sensitivity of 
53%–89% and a specifi city ranging from 50%–99% 
[6, 17, 44, 155]. The wide variation is primarily at-
tributable to the examiner dependence of US. The 
diagnostic accuracy is limited in the presence of fi -
broids [10]. Many of the features of adenomyosis seen 
on US are depicted more clearly on T2-weighted MR 
images, which clearly show changes in zonal anatomy 
based on the excellent soft tissue contrast of this 
imaging modality (Fig. 5.11). Despite its sensitivity 
of 86%–100% and specifi city of 85%–90.5% for the 
diagnosis of adenomyosis 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 symptomatic 
women in the fourth or fi fth decades of life was con-
sidered irrelevant for therapeutic decision-making 
(hysterectomy) [6, 113, 156, 195]. MRI is thus not 
indicated and cost-effective in the initial evaluation 
of patients with unspecifi c complaints suggestive of 
adenomyosis. However, MRI has its place as an ad-

Fig. 5.9. MRI of leiomyoma – locations. 
T2-weighted coronal image of a polyfi -
broid uterus. A subserosal pedunculated 
uterine fi broid (white arrow) is easily 
identifi ed by its low signal intensity and 
continuity with the right lateral aspect 
of the uterine fundus while sonographi-
cally the lesion could not be separated 
from the right ovary (black arrow). (Re-
produced with permission from [223])
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junctive tool in patients with diffusely enlarged uteri 
of unknown cause, in the work-up of infertile women, 
and for follow-up of patients receiving GnRH therapy 
for adenomyosis or prior to uterus-conserving surgi-
cal therapy and UAE [71, 90, 93, 133]. 

5.3.2 
Magnetic Resonance Imaging 

5.3.2.1 
Magnetic Resonance Imaging – Technique

A short clinical history including menstrual status, 
previous pelvic surgery, clinical symptoms, time point 
within the menstrual cycle, and current hormonal 
therapy should be taken prior to an MR examina-
tion 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 max-
imum signal differences between the uterine layers. 
The pelvis should be imaged on a high-fi eld (1.5-T) 
scanner using a pelvic or torso phased-array coil. Mo-
tion 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 
intramuscular injection of butylscopolamine in pa-
tients 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 acquired in the true axial, 
sagittal, and coronal planes (T2-HASTE, SSFSE) are 
suffi cient to diagnose uterine leiomyomas and adeno-
myosis in the majority of cases [7, 115]. However, the 
relationship of a uterine lesion to the uterine cavity 
may be diffi cult to recognize on breath-hold images 
alone. Additional high-resolution (512-matrix) T2-
weighted TSE sequences acquired in the axial and 
sagittal planes in conjunction with presaturation of the 
anterior abdominal wall are recommended in cases of 
inconclusive breath-hold images or a severely distort-
ed uterine cavity [215]. 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 calcifi cation otherwise not seen on T2-weighted im-
aging. Gadolinium-enhanced T1-weighted images can 
provide additional information on the vascularity of 
uterine leiomyomas, improve the visualization of the 
surrounding pseudocapsule, and may help to delineate 
the uterine origin of a subserosal leiomyoma, but are 
not necessary to diagnose uterine leiomyomas and 
adenomyosis [67]. However, additional MRA gradi-
ent-echo sequences are recommended in patients with 
leiomyomas and adenomyosis in whom uterine artery 
embolization is planned [99]. 

Fig. 5.10. CT of uterine 
leiomyoma. Contrast-en-
hanced CT of the pelvis 
in a 39-year-old women 
with a known uterine 
leiomyoma shows a large 
oval mass within the 
uterus with heterogenous 
enhancement (asterisk) 
which displaces the 
hypodense right ovary 
(arrow) and distends the 
abdomen



74 T. J. Kröncke

5.3.2.2 
MR Appearance of Uterine Leiomyomas

Leiomyomas of the uterus present as well-defi ned 
round or oval low-signal intensity masses on T2-
weighted MR images. They are characterized by 
expansive growth but do not infi ltrate surround-
ing structures and therefore distort the shape of the 
uterus in relation to their size and location. MRI per-
formed in three orthogonal planes allows one fi rst 
to accurately localize leiomyomas as submucosal, in-
tramural, transmural (full thickness), subserosal, pe-
dunculated, or (extrauterine) intraligamentous and 
second to assign them to the cervix (less than 8%), 
uterine corpus (anterior, posterior, lateral uterine 
wall), or fundus. Uterine leiomyomas can be single 

but usually are multiple and may reach considerable 
size. In a multifi broid uterus normal myometrium 
often represents only a minor portion of the uterine 
tissue (Fig. 5.12). Diffuse leiomyomatosis is a rare 
form where the myometrium is displaced by confl u-
ent leiomyomas [89] (Fig. 5.13).

5.3.2.3 
Locations, Growth Patterns, and 
Imaging Characteristics

The localization of leiomyomas by imaging is of clini-
cal importance because symptoms are related to and 
treatment varies based on the position of a fi broid 
within the uterus. Whether a submucosal leiomyoma 
can be resected depends on its size and ingrowth into 

Fig. 5.11a,b. Correlation of transvaginal 
ultrasound (TVUS) and magnetic reso-
nance imaging (MRI) in a patient with 
leiomyoma and adenomyosis of the 
uterus. a TVUS of a 48-year-old women 
with menorrhagia and dysmenorrhea. 
Two leiomyoma were reported to be 
present, one in a subserosal location 
(black arrow) of the posterior wall and 
a second intramurally in the anterior 
uterine wall (white arrow). However, a 
poor defi nition 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 en-
dometrial thickness. 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 
junctional zone and cyst-like inclusions 
in the myometrium corresponding to 
endometrial glands

a

b
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the uterine wall [210]. A subserosal leiomyoma can 
be surgically treated by enucleation but opening and 
surgical reconstruction of the uterine cavity may be 
necessary if the leiomyoma grows transmurally [188]. 
Leiomyomas are characterized by expansive growth 
with displacement of neighboring tissue and there-
fore already have a mass effect when they are still 
small. Deformity of the uterine contour is primarily 
associated with submucosal and subserosal fi broids 
because they distend neighboring layers such as the 
endometrium and serosa (Fig. 5.14). In patients with 
a markedly enlarged uterus due to multiple fi broids, 
these tumors are often diffi cult to differentiate from 
extrauterine or ovarian lesions on ultrasound. The 
presence of a claw-like extension of myometrium 
surrounding the lesion and corkscrew-like fl ow voids 
at the interface between lesion and normal uterine 
tissue, which can be detected on T1-weighted im-
ages, less commonly on T2-weighted images, indicate 
uterine fi broids with a high degree of certainty [91, 
171, 196, 212]. These fl ow voids represent the arter-
ies arising from the uterine artery and feeding the 

large-caliber vascular plexus of a fi broid (Fig. 5.15). 
The MR imaging signs of uterine leiomyomas are 
summarized in Table 5.1.

5.3.2.4 
Histologic Subtypes and Forms of Degeneration

Different histologic subtypes of leiomyomas exist, 
some of them showing characteristic features on MRI. 
Cellular leiomyomas, a subgroup of leiomyomas char-
acterized by compact smooth muscle cells with little 
intervening collagen, exhibit a homogenously high 
signal intensity on T2-weighted images (Fig. 5.16). 
They are isointense to surrounding myometrium on 
T1-weighted images and tend to enhance fairly ho-
mogenously after gadolinium administration [216]. 
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 determine the fatty 
nature of these leiomyomas [201]. While MRI can dis-

Fig. 5.13. MRI of diffuse leiomyomatosis of the uterus. T2-
weighted sagittal image of a 41-year-old women shows multi-
ple uterine leiomyoma throughout the uterine layers ranging 
from millimeters to several centimeters in size. The leiomyo-
mas are partially confl uent and have replaced almost the en-
tire normal myometrium (compare also with Fig. 5.3)

Fig. 5.12. Polyfi broid uterus – MRI appearance. T2-weighted 
sagittal image of a 44-year-old women shows multiple uterine 
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 hy-
perintense spots. A pedunculated subserosally leiomyoma is 
present in the posterior cul-de-sac
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Fig. 5.14a,b. Mass effect of uterine leiomyoma. a T2-weighted sagittal im-
age shows a multifi broid uterus with a large submucosal leiomyoma that 
exerts mass effect on the underlying endometrium (arrow). b T2-weighted 
axial image at correspondig levela

b

Table 5.1. MRI criteria for leiomyoma

Location Corpus, fundus, less often cervical or 
within u te r ine ligaments, subserosal, intra-
mural, trans mural, submucous, peduncu-
lated, in statu nascendi

●

Morphology Spherical, sharply marginated, pseudo-
capsule 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 cm - > 20 cm
Claw-like extension of myometrium sur-
rounding the lesion

●

●
●

Appearance 
on T1

Isointense to the myometrium
Peripheral hypointense rim indicates cal-
cifi cation
Hyperintense areas related to hemorrhage
Peripheral high SI rim or homogenous 
high SI indicates hemorrhagic infarction

●
●

●
●

Appearance 
on T2

Variable, in general hypointense mass rela-
tive to myometrium but different SI seen 
in individual leiomyomas
Homogenously high SI often seen in cel-
lular leiomyomas
High SI rim represents dilated lymphatics 
in large leiomyoma

●

●

●

Appearance 
on Gd-en-
hanced 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 (bridg-
ing-vascular-sign)

●

●
●

Additional 
fi ndings

Flow voids in the periphery (best seen on 
T1-weighted images) indicate the perifi -
broid plexus vessels
A vessel stalk may be seen in pedunculated 
leiomyomas

●

●

Fig. 5.15. Bridging vascular sign in a pedunculated leiomyoma. 
T1-weighted contrast-enhanced fat-suppressed sagittal image 
depicts a large pedunculated subserosal leiomyoma originat-
ing from the uterine fundus. Flow-voids are seen within the 
vessel stalk (arrow). A second intramural leiomyoma in the 
anterior wall is seen displacing the endometrial stripe. (Re-
produced with permission from [223])



  Benign Uterine Lesions 77

tinguish among the different subtypes in only 69% of 
all cases, the method is highly sensitive and specifi c 
in identifying simple fi broids without any major de-
generative changes, fi broids having undergone hemor-
rhagic infarction, and fi broids with cystic degenerative 
changes [169]. Degeneration of uterine leiomyomas 
is common and is attributed to an inadequate blood 
supply. It is a sudden event in case of hemorrhagic 
degeneration or degenerative changes may develop 
gradually when a tumor outgrows its blood supply. 

The typical MRI appearance of a smoothly mar-
ginated tumor with a nearly homogeneous low sig-
nal intensity relative to surrounding myometrium 
on T2-weighted images and intermediate signal on 
T1-weighted images (Fig. 5.17) is attributable to 
hyalinization [129]. Hyaline degeneration is the pre-
dominant form of degeneration and is present in 
about 60% of all leiomyomas. It is characterized by 
the accumulation of high-protein eosinophilic sub-
strate in the extracellular spaces between strands of 
muscle cells. Other types of degeneration that can be 
differentiated 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 fl uid on 
T1- and T2-weighted images. Myxoid degeneration 
is seen as intralesional areas of very high signal in-
tensity on T2-weighted images. These portions rep-
resent viable tissue and are of intermediate to low 
signal on T1-weighted images and typically show 
enhancement after contrast medium administration 
(Fig. 5.18). Histology demonstrates gelatinous por-
tions containing hyaluronic mucopolysaccharides. 
Hemorrhagic or red degeneration is more common 
during pregnancy or in women on gestagen therapy. 
It is attributed to sudden infarction of fi broid tissue 
with secondary intralesional hemorrhage [59]. 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 het-
erogeneous high signal that varies with the amount 
of blood degradation products present and is often 
confi ned to the margin (Fig. 5.19) [86]. Hemorrhagic 
fi broids typically show no enhancement after contrast 
medium administration. MRI confi rms the diagnosis 
of acute hemorrhagic degeneration in conjunction 
with the clinical symptoms comprising acute pain, 
subfebrile temperature, and leukocytosis [57, 86]. 

Fig. 5.16a,b. MRI of cellular leiomyoma. a T2-weighted sagittal image of the uterus demonstrating a large intramural cellular 
leiomyoma with homogenous high signal intensity compared to surrounding myometrium. Two small intramural leiomyoma 
show the typical low intensity signal (arrows). b T1-weighted contrast-enhanced fat-suppressed sagittal image showing marked 
enhancement of the intramural cellular leiomyoma which appears hyperintense compared to surrounding myometrium

ba
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Fig. 5.17a,b. Signal intensity characteristics of leiomyoma. a T2-weighted transaxial image of the 
uterus (secretory phase of menstrual cycle) showing a subserosal leiomyoma 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

a

b
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Fig. 5.18a–c. a,b MRI of myxoid leio-
myoma. a T2-weighted transaxial image 
of the uterus showing also heterogenous 
signal intensity of the leiomyoma and a 
c-shaped area at the left border of the 
leiomyoma (arrow) of high signal inten-
sity corresponding to myxoid degenera-
tion. Note high signal intensity stripe of 
the endometrium is displaced laterally. 
b On the corresponding T1-weighted fat 
suppressed transaxial image the whole 
leiomyoma  has a heterogenous interme-
diate signal intensity and the c-shaped 
area shows no low signal as expexted if 
liquifi cation had occured. c Contrast-
enhanced T1-weighted fat suppressed 
transaxial image shows heterogenous 
enhancement of the leiomyoma includ-
ing septations of myxoid tissue, Note 
enhancement of endometrial stripe 
(arrow)

b

a

c
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Fig. 5.19a–b. MRI of spontaneously 
infarcted leiomyoma. a T1-weighted 
fat-suppressed transaxial image of a 
spontaneously infarcted submucosal 
leiomyoma. The central portion shows 
an slightly hyperintense signal in-
tensity compared to the surrounding 
myometrium. b T2-weighted transaxial 
image of a spontaneous infarcted sub-
mucosal leiomyoma. The central por-
tion shows a signal intensity isointense 
to the myometrium while a marked 
hypointense rim is seen which corre-
sponds to blood degradation products 
(hemosiderin) after hemorrhagic infarc-
tion. c Contrast-enhanced T1-weighted 
fat-suppressed transaxial image con-
fi rms infarction of the leiomyoma while 
the surrounding myometrium is well 
perfused(Reproduced with permission 
from [223])

a

b

c
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MRI is methodologically limited in that it does not 
reliably show intralesional calcifi cations, which are 
frequently identifi ed on conventional radiographs or 
CT scans by their popcorn-like appearance [169]. Oc-
casionally, calcifi cations take the form of a peripheral 
rim after hemorrhagic infarction and can be identi-
fi ed on T1-weighted MR images (Fig. 5.20). 

5.3.2.5 
Diff erential 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 defi nitely assign the lesion to the uter-
us, an intraligamentous or ovarian fi broid may be 
present if the lesion shows homogeneous low signal 
intensity on T2-weighted images and an intermediate 
signal on T1-weighted images relative to the signal 
intensity of the myometrium of the uterus. However, 
an inhomogeneous intermediate, or high signal rela-
tive to the myometrium may indicate both a fi broid 
with degenerative changes or an extrauterine benign 
or malignant tumor.

Myometrial contractions can mimic submucosal 
leiomyomas or focal adenomyosis [193]. Uterine 
contractions involve the endo- and myometrium but 

spare the outer uterine contour (Fig. 5.21). They are 
characterized by band- or stick-like low-signal-inten-
sity areas on T2-weighted images [116]. These signal 
changes are transient and changing appearances can 
be noted on sequential images obtained with a delay 
of 30–45 min [193, 194]. 

Endometrial polyps, seen most frequently in peri-
menopausal and postmenopausal women, are usu-
ally asymptomatic but may cause uterine bleeding, 
especially in postmenopausal women [33]. In 20% 
of the cases polyps are multiple. They can be broad-
based or pedunculated and may occur in conjunc-
tion with endometrial hyperplasia. On T2-weighted 
images a central fi brous core or intratumoral cysts 
may be visible [55]. On T1-weighted images endome-
trial polyps show an intermediate signal while they 
exhibit a slightly hypointense or isointense signal in-
tensity relative to the endometrium on T2-weighted 
images and present as localized endometrial thick-
ening (Fig. 5.22). Small polyps enhance and become 
more conspicuous after gadolinium administration, 
especially on early enhanced scans while large polyps 
exhibit a heterogenous enhancement pattern [55, 67]. 
Submucosal leiomyomas are best distinguished from 
endometrial polyps by their rather spherical shape, 
their obvious connection to the myometrium, and 
lower signal intensity on T2-weighted images. 

Fig. 5.20. MRI of rim cal-
cifi cation of a leiomyoma. 
T1-weighted fat-sup-
pressed transaxial image 
showing a leiomyoma 
with a discontinuous, 
markedly hypointense 
rim corresponding to 
asymmetrical calcifi ca-
tion
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Leiomyosarcomas of the uterus are rare with a fre-
quency of incidentally discovered tumors of 1:2000 
while large series of hysterectomy specimen quote a 
frequency of 2–5:1000 [3, 149]. It is felt that leiomyosa-
rcomas arise de novo and may be unrelated to benign 
leiomyomas [107]. They are predominantly observed in 
older women (6th decade of life) as compared to women 
with leiomyoma (4th decade of life) [149]. While rapid 
growth is not an indicator of malignancy in premeno-
pausal women, it is always suspicious in postmenopau-
sal women although not specifi c [130, 137]. The imaging 
appearance does not enable reliable differentiation of 
leiomyosarcoma from benign leiomyoma [73, 137, 169, 
190]. Besides frank signs of invasiveness or metastatic 
disease, an irregular contour, inhomogeneous appear-
ance with pockets of high signal intensity on T2, as well 
as hemorrhagic changes with high signal intensity on T1 
have been proposed to suggest a leiomyosarcoma rather 
than a leiomyoma [54, 138, 165, 169]. Recently, early en-
hancement on dynamic scans after administration of 
contrast medium together with serum determination 
of LDH and its isoenzymes was reported to be highly 
sensitive and specifi c in differentiating leiomyosarcoma 
from degenerated leiomyoma [54].

Fig. 5.22. Leiomyoma, diffuse adenomyosis and endometrial 
polyp on MRI. T2-weighted sagittal image of a patient depicts 
diffuse adenomyosis (arrowheads) with symmetrical broad-
ening of the junctional zone. An endometrial polyp exhibit-
ing similar high signal intensity as the endometrium can be 
clearly identifi ed within the uterine cavity (short arrow). A 
fi broid is present in the fundus (long arrow)

Fig. 5.21a,b. Transient uterine contraction. a T2-weighted sagittal image of the uterus depicting a broadening of the inner myo-
metrium of the anterior uterine wall with bulging into the uterine cavity (arrow). b T2-weighted sagittal image of the uterus 
obtained 5 min before (a) shows absence of any structural abnormality, a fi nding consistent with myometrial contraction

ba
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5.3.2.6 
MR Appearance of Uterine Adenomyosis

Adenomyosis of the uterus is diagnosed on T2-
weighted images where it is characterized by ill-de-
fi ned low-signal-intensity areas representing diffuse 
or focal broadening of the junctional zone as a result 
of smooth muscle hyperplasia associated with het-
erotopic endometrial glands [132, 156]. A junctional 
zone thickness of  12 mm (Fig. 5.23) is the threshold 
for which a high degree of accuracy in the diagnosis 
of adenomyosis has been reported [79, 158]. Adeno-
myosis can be excluded if the junctional zone thick-
ness is 8 mm or less [156]. Bright foci and cyst-like 
inclusions may be seen on T2-weighted images in 
up to 50% of patients and represent heterotopic en-
dometrial glands, cystic dilatations, or hemorrhagic 
foci [156, 195]. Corresponding high signal on T1-
weighted images is less frequently observed but high-
ly suggestive of adenomyosis (Fig. 5.24). 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 endometrium [157]. 
These high-signal-intensity changes associated with 
adenomyosis may fl uctuate during the menstrual cy-
cle. The MR imaging signs of adenomyosis are sum-
marized in Table 5.2.

Fig. 5.23. 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 thickened due to marked broaden-
ing of the junctional zone. Hyperintense foci are seen within the 
lesion. (Reproduced with permission from [223])

Table 5.2. 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 con-
tact to JZ (adenomyoma) 

●

●

●
●

Morphology Either diffusely involving the uterus or 
presenting as a lesion with ill-defi ned 
margins blending with the surrounding 
myometrium
Poor defi nition of endomyometrial junc-
tion
If focal, may be globular, elliptical but usu-
ally not round, spherical
Signifi cant mass effect missing, even if 
large lesion present
Mild distortion of endometrium but 
marked enlargement of the uterus in dif-
fuse 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 through-
out the lesion or high SI linear striations 
extending from the edometrium that may 
lead to a pseudowidening of the endome-
trium
High SI (micro) cysts may be seen 
(< 5 mm)
Rarely large cystic spaces within a lesion 
(cystic adenomyosis)

●

●

●

Appearance 
on Gd-en-
hanced T1

Can appear hypo-, iso- and hyperintense 
relative to myometrium
Perfusion abnormalities may be seen on 
dynamic contrast-enhanced MRI 

●

●

Additional 
fi ndings

No pseudocapsule
Adenomyosis frequently seen in combina-
tion with fi ndings of endometriosis 

●
●
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Fig. 5.24a,b. 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 defi nition 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)

a

b



  Benign Uterine Lesions 85

5.3.2.7 
Locations, Growth Patterns, and 
Imaging Characteristics

Uterine adenomyosis is found more often in the pos-
terior than in the anterior wall of the uterus and 
the fundus [22]. Adenomyosis does not involve the 
uterine cervix. A focal type can be differentiated from 
a diffuse type of thickening of the junctional zone. 
Diffuse adenomyosis (Fig. 5.25) may lead to a mark-
edly enlarged uterus with a surprisingly small or dis-
proportional mass effect on the uterine contour and 
cavity. Focal adenomyosis (Fig. 5.26) manifests as an 
oval or 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 defi ned margins and 
blends with surrounding myometrium. It lacks the 
pseudocapsule that may be seen with uterine leio-
myoma. Signal voids at the periphery of the lesion are 
rare in focal adenomyosis [22]. Gadolinium-enhanced 
T1-weighted imaging does not increase the accuracy 
in diagnosing adenomyosis of the uterus although 
perfusion abnormalities may be seen [67]. Unusual 
growth patterns include adenomyoma of the uterus 
which represents a localized form that manifests as 
a myometrial or subserosal mass without a direct 
connection to the junctional zone [50, 191]. Another 

rare variant is cystic adenomyosis which is thought 
to result from extensive hemorrhage within adenom-
yotic implants, leading to a well circumscribed cystic 
myometrial lesion which may show different stages 
of blood product degradation such as a low inten-
sity rim on T2-weighted images corresponding to 
hemosiderin and areas of high signal intensity on T1-
weighted images representing fresh blood [157, 191, 
199]. 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 [71].

5.3.2.8 
Diff erential Diagnosis

Leiomyomas of the uterus are part of the differen-
tial diagnosis for adenomyosis and differentiation is 
especially important since therapeutic options differ 
for both entities. Imaging features that favor adeno-
myosis are poorly defi ned lesion borders, minimal 
mass effect, an elliptical instead of a globular shape, 
and high-signal-intensity spots, cysts, and striations 
on T2-weighted imaging. Adenomyoma and cystic 
adenomyosis, however, may be indistinguishable 
from degenerated leiomyomas at MR imaging or 
may resemble an aggressive uterine neoplasm [28, 

Fig. 5.26. 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 hy-
perintense foci appearing as a globular lesion is seen (arrow). 
The uterus is enlarged but no mass effect is seen

Fig. 5.25. MRI of diffuse adenomyosis of the uterus. T2-weight-
ed sagittal image of the uterus. A broadened junctional zone 
(> 12 mm) is seen with poor defi nition of the endomyometrial 
junction. The junctional zone blends with the myometrium
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191]. Myometrial contractions may also mimic focal 
adenomyosis but are transient phenomena.

Endometrial carcinoma can show some overlap 
with the imaging features associated with adenom-
yosis such as an irregular endomyometrial junction, 
high-signal-intensity linear striations on T2-weight-
ed imaging, as well as pseudowidening of the en-
dometrium. Contrast-enhanced MR imaging has 
been reported to be useful in the case of endometrial 
carcinoma invading adenomyosis [204]. Endometrial 
stroma sarcoma (ESS) must also be considered when 
both endometrial and myometrial involvement of an 
apparently infi ltrative lesion with cystic changes is 
detected [97]. A rare differential diagnosis is an ad-
enocarcinoma arising in adenomyosis [96, 104]. 

5.3.3 
Computed Tomography

5.3.3.1 
CT Technique

Given the availability and cost-effectiveness of ultra-
sound as a fi rst-line imaging tool to diagnose benign 
uterine lesions and the proven benefi ts of MRI in de-
lineating 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 considerably. Current scanner technology 
allows the acquisition of slices as thin as 0.5 mm. The 
generation of isotropic voxels allows multiplanar refor-
mations in the desired plane of interest and can aid in 
determining the exact location of a presumed uterine 

lesion with respect to surrounding tissues. However, 
the improvement in spatial resolution is of little benefi t 
for the diagnosis of benign uterine conditions.

5.3.3.2 
CT Appearance of 
Uterine Leiomyoma and Adenomyosis 

While there are no specifi c CT features of leiomyo-
mas, their presence may be suggested by uterine en-
largement, contour deformity, and the depiction of 
calcifi cations. Calcifi cation is the most specifi c sign of 
a leiomyoma and can be found in up to 10% of cases. 
Calcifi cations may be mottled, whorled, or streaked 
in appearance but can also present as a well-defi ned 
peripheral rim surrounding the leiomyoma [24]. 
Calcifi cations may be found only in one of multiple 
leiomyomas and may be only present in a part of a 
fi broid. On CT leiomyomas usually exhibit a similar 
density as surrounding myometrium but may show 
low-density areas that represent degenerative cystic 
changes (Fig. 5.27). CT cannot reliably identify ad-
enomyosis of the uterus. As with uterine leiomyomas, 
enlargement of the uterus may be present. In adeno-
myosis there is enlargement while a clear mass lesion 
or distortion of the uterine contour is absent.

5.3.3.3 
Atypical Appearances on CT and Diff erential 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. 5.28) 

Fig. 5.27. CT of uterine leiomyo-
mas of the uterus. Contrast-
enhanced CT shows subsero-
sal leiomyomas distorting the 
uterine contour (arrows). The 
fi broids show similar enhance-
ment to adjacent myometrium
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Fig. 5.28a–d. Acute torsion of a uterine leiomyoma. A 
30-year-old-woman with torsion of a pedunculated sub-
serosal leiomyoma. a Suprapubic US examination in the 
sagittal plane shows a large (13 cm in diameter), echo-
genic, heterogeneous mass that compresses the bladder. 
The uterus is displaced posteriorly (arrow). Shadows 
inside the mass are due to acoustic refl ections. b Unen-
hanced CT scan shows a large, slightly heterogeneous, 
abdominopelvic mass (mean value 45 HU). Some lin-
ear parts have a higher value of 55 HU. c Contrast-en-
hanced CT scan shows intense rim enhancement local-
ized against uptake of contrast medium inside tortuous 
vessels between the upper anterior part of the corpus 
uteri and the mass (large arrow). There is no enhance-
ment inside the mass. The left ovary is normal and far 
from the mass (arrowhead). Note fl uid 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 during the second part of the menstrual cycle. 
The right ovary is normal (arrowhead). (Reproduced 
with permission from [224])

a

b

c

d
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of a pedunculated subserosal leiomyoma [163]. On 
unenhanced images small areas of high attenuation 
indicate hemorrhagic infarction, which is confi rmed 
on contrast-enhanced images [163]. Superinfection 
of leiomyomas may occur secondary to degeneration 
or hemorrhagic infarction if predisposing factors 
such as diabetes, adnexitis, or an ascending infec-
tion that can spread to leiomyomas with contact 
to the endometrial cavity are present. Pyomyoma 
develops slowly over days and weeks, particularly 
in patients after delivery or abortion [80]. Specifi c 
fi ndings are hypodense areas in combination with 
pockets of gas within the leiomyoma. If perforation 
into the peritoneal cavity occurs, discontinuity of the 
uterine wall, intraperitoneal gas and fl uid are usually 
present, and peritoneal enhancement is seen with 
peritonitis [80].

The differential diagnosis of acute torsion of a 
pedunculated leiomyoma includes ovarian/adnexal 
torsion and uterine torsion [49, 74]. The most valu-
able sign to diagnose acute adnexal torsion is thought 
to be thickening of the fallopian tube due to venous 
congestion and edema. Coronal and sagittal reforma-
tions from thin section contrast-enhanced MSCT also 
aid in identifying the ovarian vascular pedicle and 
confi rm the ovarian origin of a pelvic tumor [105]. 
Uterine torsion has been reported to occur more of-
ten during pregnancy and is characterized by torsion 
along the corpus and cervix uteri. A whorled struc-
ture of the uterine cervix or a twisting upper vagina 
is seen on CT [74].

5.4 
UAE for the Treatment of Leiomyoma 
and Adenomyosis

5.4.1 
Indications 

UAE is an established treatment for symptomatic 
fi broids. The gynecologist and interventional radi-
ologist should closely cooperate in establishing the 
indication for fi broid embolization and carefully 
weigh the indications and contraindications in light 
of the range of therapeutic options available for the 
individual patient [53, 66]. UAE must not be per-
formed without careful pre-interventional diagnostic 
workup of the patient’s symptoms by the gynecolo-
gist. UAE is an alternative 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 
multifi broid uterus in whom surgery is indicated and 
who does not desire to preserve fertility and prefers 
a minimally invasive intervention. As a rule, both 
single and multiple fi broids can be treated by UAE. 
The number and location of the individual tumors 
(subserosal, intramural, transmural, submucosal) 
does not affect the approach, technique or outcome 
of UAE. Nevertheless, one must always thoroughly 
evaluate the clinical symptoms, imaging fi ndings, and 
the patient’s preferences on an individual basis to de-
cide when UAE should be preferred to uterus-sparing 
surgical approaches or hysterectomy.

Embolization of subserosal pedunculated and 
intraligamentous fi broids is considered to be more 
risky because postprocedural necrosis of the tumors 
may cause peritoneal adhesions and decomposition 
of the fi broids into the free abdominal cavity. More 
recent studies, however, have not demonstrated a 
higher complication rate of UAE for subserosal pe-
dunculated fi broids [81]. From the interventional 
radiologist’s perspective, there is no size limit above 
which it becomes technically impossible to perform 
UAE. Early reports on higher complication rates in 
fi broids > 10 cm were not confi rmed by later stud-
ies, which found good clinical results after emboliza-
tion of large uterine leiomyomas [82, 147]. However, 
the patient must be aware that a markedly enlarged 
uterus will persist after UAE despite shrinkage of 
the fi broids in case of a multifi broid uterus associ-
ated with pronounced enlargement before the in-
tervention. UAE is not indicated in patients with 
contraindications to angiography (clotting disorder, 
renal insuffi ciency, manifest hyperthyroidism) and in 
women with pelvic or urogenital infections (adnexi-
tis, endometritis, urinary tract infection), an adnexal 
tumor, status post-pelvic radiotherapy, and suspect-
ed malignant tumor. An unwillingness to undergo 
follow-up examinations 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 pregnancy after 
UAE is still inadequate, the wish to conceive is con-
sidered a contraindication to UAE, while a desire to 
have further children is a relative contraindication to 
embolization in those women in whom other thera-
peutic approaches (e.g. laparoscopic/abdominal leio-
myoma resection) are an option [78, 92, 121, 145, 151, 
183]. In addition to the gynecologic examination, a 
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recent cervical smear (Papanicolaou’s smear) is re-
quired, and women with irregular periods (metror-
rhagia) should undergo endometrial sampling before 
UAE. UAE for adenomyosis occurring either alone or 
in conjunction with uterine leiomyomas is still under 
investigation. Contrary to previous reports, UAE has 
been shown to be effective in the midterm for both 
scenarios [51, 76, 93, 94, 122, 141, 174].

5.4.2 
Technique

UAE is performed under local anesthesia, which 
may be supplemented by sedation where required, 
using a transfemoral access and standard Seldinger 
technique. Prior to embolization, patients receive an 
intravenous line and a bladder catheter. A 4- or 5-F 
catheter sheath is placed and the internal iliac artery 
is probed using end-hole catheters. An abdominal 
aortogram or selective angiographic series of the pel-
vic 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 ade-
quate 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 di-
agnostic catheter. However, coaxial advanced micro-
catheters should be used liberally 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 
fl ow in a fractionated manner (free-fl ow emboliza-
tion) once the catheter comes to lie in the horizontal 
segment of the uterine artery and the angiogram 
shows good fl ow. Spasm sometimes results in com-
plete cessation of fl ow and should then be addressed 
with intra-arterial administration of nitroglycerin 
or tolazoline. In case of strong spasm, the interven-
tional radiologist should fi rst 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 poly-
vinyl alcohol (PVA), Gelfoam, and trisacryl gelatin-
coated microspheres (TGM) [69, 83, 93, 101, 120, 141, 
142, 174, 178, 180]. Nonspherical particles measuring 
350–750 µm and microspheres ranging in size from 
500–900 µm are used. The angiographic endpoint 
using non-sherical PVA is stasis indicating complete 
occlusion of the uterine arteries while a limited em-
bolization with sluggish antegrade fl ow but complete 

occlusion of fi broid plexus vessels is advovated when 
using trisaryl-gelantin microspheres [139, 180]. The 
level of occlusion is documented by last image hold 
or a fi nal selective series. Following embolization of 
the contralateral side, the ipsilateral uterine artery is 
catheterized 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 diffi cult anatomic situation on the 
ipsilateral side, it may become necessary to punc-
ture the other groin for cross-over catherization. A 
controversy exists regarding the necessity of obtain-
ing a fi nal aortogram at the time of the intervention 
to exclude relevant collateral fl ow to the uterus (e.g. 
ovarian artery). If MR angiography is performed, rel-
evant blood supply to the uterus through the ovarian 
artery can be identifi ed noninvasively already before 
embolization [99]. The technical success rate is over 
95% for primary bilateral embolization. Postproce-
dural management during the fi rst 24(–48) h com-
prises adequate pain relief using intravenous opioid 
analgesics or placement of a peridural catheter and 
administration of nonsteroidal anti-infl ammatory 
agents and antiemetic medication.

5.4.3  
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 without 
superimposed structures even in patients with a mark-
edly enlarged polyfi broid uterus. It has been demon-
strated that MRI affects patient treatment by reducing 
unnecessary surgery and identifying co-pathologies 
prior to UAE [131, 168]. 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 leiomyoma 
both clinically and on ultrasound [212]. Preoperative 
classifi cation of leiomyomas is of clinical signifi cance 
since a submucosal tumor with a minor intramural 
component may be treated by hysteroscopic resection 
whereas a laparoscopic or transabdominal approach 
may be required in intramural or subserosal fi broids 
[36]. Knowing the position of a fi broid and the thick-
ness of the surrounding myometrium helps one to 
minimize the risk of uterine perforation during hyster-
oscopic resection and inadvertent entry into the uter-
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ine cavity at myomectomy, which is associated with 
synechia and may require endometrial repair [188]. 
MR imaging is also useful in monitoring the effect of 
GnRH therapy on leiomyomas [5, 221].

Besides its high accuracy in the diagnosis of fi -
broids and additional pathologies of the adnexa 
prior to UAE, MR imaging enables identifi cation of 
tumors in which embolization is associated with a 
higher risk such as subserosal pedunculated fi broids 
(Fig. 5.15) 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 [20, 75, 184].Three-dimen-
sional contrast-enhanced MR angiography can show 

Fig. 5.29. Contrast-enhanced MRA prior to UAE. Maximum 
intensity projection of a T1-weighted contrast-enhanced MR 
angiography depicts the uterine arteries (long white arrows) 
as well as an enlarged the right ovarian artery (thick white 
arrow)

the uterine arteries and collateral fl ow via enlarged 
ovarian arteries and may serve as a “road map” prior 
to embolization (Fig. 5.29). 

Typical imaging features are observed after fi broid 
embolization (Fig. 5.30). The tumors show a homo-
geneous low signal intensity on T2-weighted images 
after UAE and high signal intensity on T1-weighted 
images due to hemorrhagic infarction (Fig. 5.31). 

MR imaging also depicts morphologic changes 
such as sloughing of fi broids in contact with the uter-
ine cavity (Fig. 5.32). The latter may be associated 
with vaginal discharge in patients having undergone 
UAE but does not require additional treatment in the 
majority of cases [208]. MRI also identifi es side ef-
fects and complications associated with UAE such as 
ongoing fi broid expulsion, endometritis, and uterine 
necrosis [95, 197]. In cases of ongoing fi broid expul-
sion a dilated cervical os and leiomyoma tissue point-
ing towards the cervix may be observed (Fig. 5.33). 
Endometritis is seen in 0.5% of cases after UAE, is 
associated with fi broid expulsion, and usually re-
sponds well to antibiotics but may spread and result 
in septicemia if left untreated. At MR imaging tissue 
within the uterine cavity may be observed together 
with high-signal-intensity fl uid on T2-weighted im-
ages indicating retained fl uid. Punctuate foci of low 
signal intensity represent signal voids due to the 
presence of air on T1- and T2-weighted images. Con-
trast-enhanced MR images increase the conspicu-
ity of intracavitary fl uid collections and also depict 
hyperperfusion of infl amed adjacent endometrium 
[95]. Contrast-enhanced MRI is helpful in determin-
ing persistent perfusion of fi broids and adenomyosis 
after UAE. It has been demonstrated that persistent 
perfusion may lead to regrowth of leiomyoma tissue 
and recurrence of symptoms [140]. It is important 
to know that uterine or individual leiomyoma size 
reduction is not a good indicator of successful em-
bolization since even a partially infarcted leiomyoma 
undergoes shrinkage while at the same time perfused 
areas may be present from which the tumor may re-
grow. The frequency of recurrence of symptoms in 
cases of persistent perfusion is largely unknown, but 
it is generally accepted among interventional radi-
ologists that persistent perfusion of leiomyoma tis-
sue in the setting of recurrent symptoms indicates 
technical failure of UAE, which may be attributable to 
underembolization (causes: vasospasm during UAE, 
inadequate choice of level of occlusion or of embolic 
agent) or collateral supply. Complete infarction of 
leiomyomas indicates technical success of UAE and is 
associated with long-term clinical success [140].
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Fig. 5.30a–d. MR imaging features of leiomyoma before and after UAE. a T2-weighted sagittal image prior to UAE depicts an 
intramural leiomyoma with iso- to hypointense signal intensity compared to the adjacent myometrium of the uterus. b Con-
trast-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 hours after UAE shows complete lack of enhancement of the leiomyoma 
consistent with infarction. The myometrium shows normal perfusion. (Reproduced with permission from [223])

a
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c d
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Fig. 5.31a,b. MRI of hemorrhagic leiomyoma infarction: “bag-of-blood-sign”. a Transaxial T1-
weighted fat-suppressed image obtained 3 months after UAE. Peripherally accentuated hyperin-
tense signal intensity of the leiomyoma indicating hemorrhagic transformation of the leiomyoma 
(“bag-of-blood-sign”). b Transaxial contrast-enhanced T1-weighted fat-suppressed image ob-
tained 3 months after UAE. Lack of enhancement of the leiomyoma consistent with infarction. 
(Reproduced with permission from [223])

a

b
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6.1 
Introduction and Epidemiology

Worldwide, endometrial carcinoma is the seventh 
most common malignant disorder, but incidence 
 varies among regions [37]. In less developed coun-
tries, risk factors are less common and endometrial 
cancer is rare, although specifi c mortality is higher 
[22, 33]. The incidence is ten times higher in North 
America and Europe than in less developed countries; 
in these regions, this cancer is the commonest of the 
female genital tract and the fourth commonest site 
after breast cancer, lung, and colorectal cancers [37].
The incidence is rising as life expectancy increases 

[1]. The typical age–incidence curve for endometrial 
cancer shows that most cases are diagnosed after the 
menopause, with the highest incidence around the 
seventh decade of life. 

The appearance of symptoms early in the course 
explains why most women with endometrial can-
cer have early-stage disease at presentation. The 
cornerstone of treatment for endometrial cancer 
is surgery, which not only is important for staging 
purposes but also enables appropriate tailoring of 
adjuvant treatment modalities that benefi t high-
risk patients only. Patients with endometrial cancer 
have a favourable prognosis with a 5-year survival 
of about 80%.

6.2 
Pathology

Pathological examination is very important for di-
agnosis of endometrial cancer. About 80% of all 
endometrial carcinomas are of the endometrioid 
type; this term refers to endometrial-type glands 
of varying differentiation easily recognisable on 
microscopy. Several subtypes or variants of en-
dometrioid carcinoma have been described [9] (see 
Table  6.1). 

Squamous differentiation is a common fi nding in 
endometrioid carcinoma. Histological grading ap-
plies only to the endometrioid carcinoma; serous 
and clear-cell carcinomas are classifi ed as high-
grade by defi nition. According to the system of the 
International Federation of Gynecology and Obstet-
rics (FIGO), an endometrioid carcinoma of grade 1 
consists of well-formed glands, with no more than 
5% solid non-squamous areas [12]. Carcinoma of 
grade 2 consist of 6%–50% and those of grade 3 of 
more than 50% solid non-squamous areas [12, 48]. 
Most endometrioid carcinomas are well to mod-
erately differentiated and arise on a background of 
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endometrial hyperplasia. These tumours, also known 
as type 1 (low grade) endometrial carcinomas, have 
a favourable prognosis [5]. They are associated with 
long-duration unopposed estrogenic stimulation. 
About 10% of endometrial cancers are type 2 (high-
grade) lesions. Women with such tumours are at high 
risk of relapse and metastatic disease. These tumours 
are not oestrogen driven, and most are associated 
with endometrial atrophy; surgery is commonly fol-
lowed by adjuvant therapy. The histological type is 
either poorly differentiated endometrioid or non-en-
dometrioid adenocarcinoma. 

Serous carcinoma is the most aggressive type of 
non-endometrioid endometrial carcinoma. The his-
tological diagnosis is based on the presence of pa-
pillae, covered by highly pleiomorphic tumour cells 
with frequent mitoses and necroses. About 8% of 
endometrial carcinomas are associated with the si-
multaneous presence of an ovarian carcinoma with 
the same histology [14]. In most instances, especially 
when both tumours are well differentiated and the 
endometrial tumour is only superfi cially invasive 
into the myometrium, these are independent primary 
tumours [45]. Endometrial carcinosarcoma has late-
ly been considered a special subtype of endometrial 
cancer. Given a tendency to lymphatic and transperi-
toneal spread with a 50% recurrence rate, surgical 
therapy is as for type 2 endometrial cancers.

6.3 
Risk Factors

Exposure to unopposed oestrogens is a risk factor for 
endometrial carcinoma. Unopposed oestrogens should 
no longer be used to treat postmenopausal symptoms 
in women who have not had hysterectomy. Excessive 
fat consumption and overweight [defi ned as a body-
mass index (BMI) of at least 25 kg/m2] are important 
risk factors present in almost 50% of women with 
endometrial cancer [7, 26] (see Table 6.2). 

Table 6.2. Risk factors for endometrial cancer

Factors increasing risk

Increasing age

Long-term exposure to unopposed oestrogens

High concentrations of oestrogens postmenopausally

Metabolic syndrome

Years of menstruation

Nulliparity

History of breast cancer

Long-term use of tamoxifen

First-degree relative with endometrial cancer

Hereditary nonpolyposis colon cancer family syndrome 
(HNPCC)

Factors decreasing risk

Grand multiparity

Smoking

Oral-contraceptive use

Physical activity

Diet of some phyto-oestrogens

Pregnancy with intense placental production of 
progestogens, protects against endometrial cancer. 
Nulliparity is a risk factor that is more important if 
infertility is also present; grand multiparity protects 
[23]. The use of an intrauterine device and tubal liga-
tion have also been associated with a lower risk [25, 
29].Contraceptive pills containing oestrogens and 
progestogens lower the endometrial-cancer risk. Af-
ter menopause for women taking hormone-replace-
ment therapy, addition of progestogens to oestrogen 
counteracts the adverse effects of oestrogens on the 
endometrium. Women with breast cancer are at in-
creased risk of endometrial cancer. Breast cancer can 
rarely metastasise to the endometrium, and primary 
endometrial cancers are more likely to occur in breast-
cancer survivors because of common risk factors [20]. 
An additional endometrial-cancer risk has been re-

Table 6.1. WHO histological classifi cation of 
endometrial carcinoma

Endometrioid adenocarcinoma

Variants: With squamous differentiation

Villoglandular

Secretory

With ciliated cells

Other adenocarcinomas

Mucinous carcinoma

Serous carcinoma

Clear-cell carcinoma

Mixed carcinoma

Squamous-cell carcinoma

Transitional-cell carcinoma

Small-cell carcinoma

Undifferentiated carcinoma
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lated to the use of tamoxifen for breast cancer treat-
ment. This drug triples the risk of endometrial cancer 
and also increases the chance of developing benign 
endometrial lesions [10]. The proportion of cases of 
endometrial cancer on a background of familial risk is 
low but having a fi rst-degree relative with this cancer 
is a risk factor. Endometrial cancer can also be part 
of a hereditary cancer syndrome such as hereditary 
nonpolyposis colon cancer (HNPCC). HNPCC is a 
mendelian-dominant syndrome of right-sided colon, 
endometrial, and other cancers. Guidelines have been 
published for selection of HNPCC; endometrial cancer 
before the age of 45 years is one of the criteria [46].

6.4 
Symptoms and Diagnosis

Abnormal uterine bleeding is the most frequent clinical 
symptom of endometrial cancer although many other 
disorders give rise to the same symptom. All postmeno-
pausal women with vaginal bleeding and those with 
abnormal uterine bleeding associated with risk factors 
for endometrial cancer or hyperplasia (e.g., polycystic 
ovaries, hormone-replacement therapy, tamoxifen use) 
should undergo further diagnostic endometrial assess-
ment. Transvaginal ultrasound is considered the fi rst 
step of choice in the diagnostic work up in any woman 
presenting with abnormal uterine bleeding [8]. The 
normal endometrium in post-menopausal women is 
defi ned as a thin symmetrical endometrial line of less 
than 4–5 mm double endometrial thickness. A litera-
ture review including almost 6000 women found that 
the probability of cancer in a postmenopausal women 
with vaginal bleeding and a 10% pre-test probability 
of endometrial cancer was 1% following a normal (<5-
mm endometrial thickness) transvaginal ultrasound. 
Given this low risk of endometrial cancer, the authors 
suggested that endometrial sampling might be unnec-
essary in women with a negative study [42]. However, 
one other meta-analysis including nine studies (3483 
women without endometrial cancer and 380 with the 
disease) found that the detection rate for endometrial 
cancer varied according to the criteria for judging the 
endometrial thickness as abnormal. The detection rate 
was 63% when considering an endometrial thickness 
that resulted in a false positive rate of only 10%; how-
ever, the detection rate increased to 96% if a false posi-
tive rate of 50% was considered acceptable. The authors 
concluded that even with a lower threshold for calling 

results suspicious, 4% of endometrial cancers would 
be missed; thus, further invasive diagnostic testing 
was indicated in all symptomatic women with a thin 
endometrial thickness. They also noted that median 
endometrial thickness varied among centres such that 
5 mm may not be a universally reliable threshold [43]. 
Another systematic review consisted of 57 studies with 
9031 patients. Only four studies used the >5-mm cut-
off level, which was the best-quality criteria. Using the 
pooled estimates from these four studies only, a posi-
tive test result raised the probability of carcinoma from 
14% to 31%, while a negative test reduced it to 2.5%. 
The authors concluded that a negative result (�5 mm) 
usually excluded endometrial pathology, but ultra-
sound measurement of endometrial thickness alone 
could not be used to reliably exclude cancer [19]. For 
further investigation of patients with vaginal bleeding 
an endometrial biopsy should be performed. 

Endometrial biopsy is a cost-effective initial ap-
proach with a high sensitivity. In some patients di-
lation and curettage might be necessary as further 
diagnostic procedures. Because intraperitoneal spill-
age of endometrial cells may occur during hyster-
oscopy, this procedure should not be performed in 
patients with malignant cells at endometrial biopsy 
or if transvaginal ultrasound strongly suggests en-
dometrial cancer [36]. 

The value of transvaginal ultrasound in symptomat-
ic premenopausal women and those using hormone-
replacement therapy is lower because the “normal” 
endometrial thickness varies with circulating concen-
trations of female steroid hormones. A Pap smear is 
only of value when it is abnormal. A normal result is 
not suffi cient to exclude endometrial cancer in sympto-
matic women and an abnormal result frequently points 
to advanced disease [18]. Imaging fi ndings at transvag-
inal ultrasound are nonspecifi c and include endome-
trial thickening or endometrial masses (Figs. 6.1, 6.2) 
for both benign and malignant endometrial neoplasm 
and warrant the performance of endometrial biopsy.

6.5 
Staging

Endometrial cancer is considered a surgically and 
histologically staged disease since clinical estimates 
and preoperative imaging of disease extent were in-
correct in over 20% of cases [11]. The depth of myo-
metrial, cervical stroma invasion and extrauterine 
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Fig. 6.1a,b. A 67-year-old woman 
presenting with postmenopausal 
bleeding. a Axial view at trans-
vaginal ultrasound demonstrates 
a fl uid-fi lled uterine cavity with 
nodular hyperechoic endometrial 
lining. b Sagittal view at color 
Doppler transvaginal ultrasound 
identifi es a nonspecifi c small ves-
sel at the endometrial myometrial 
interface. Endometrial biopsy and 
subsequent histology of the hys-
terectomy specimen diagnosed 
Stage 1A endometrioid adenocar-
cinoma of the uterus

a

b

Table 6.3. Staging system for endometrial cancer (UICC, TNM Classifi cation of Malignant Tumours, FIGO Staging System)

TNM FIGO

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in situ (preinvasive carcinoma)

T1 Stage I Limited to corpus
  T1a IA Tumor limited to endometrium
  T1b IB Invasion < ½ of myometrium
  T1c IC Invasion > ½ of myometrium
T2 Stage II Involvement of the cervix (invasion not beyond uterus)
  T2a IIA Endocervical glandular involvement only
  T2b IIB Cervical stroma involvement
T3 and/or N1 Stage III Spread outside of the uterus, confi ned to pelvis (not including rectal or bladder involvement)
  T3a IIIA Involvement of uterine serosa and/or adnexa, and/or positive peritoneal cytology
  T3b IIIB Spread to vagina (direct extension or metastasis)
  N1 IIIC Metastases to pelvic and/or para-aortic lymph nodes

Stage IV
T4 IVA Spread to the bladder and/or rectal mucosa
M1 IVB Distant metastasis (excluding metastasis to vagina, pelvic serosa or adnexa)
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Fig. 6.2a–c. A 36-year-old 
woman with menorrha-
gia. a Sagittal view of a 
transvaginal pelvic ultra-
sound demonstrates fl uid 
within the uterine cavity 
and irregular thickness 
of the hyperechoic en-
dometrial lining with a 
polypoid isthmic mass. 
b The axial view of the 
transvaginal ultrasound 
confi rms the presence of 
a right-sided hyperechoic 
endometrial mass. c 
Sagittal view of the color 
Doppler transvaginal 
ultrasound demonstrates 
nonspecifi c small vessels 
within the abnormal as-
pect of the endometrium. 
Pathology of the endo-
metrial mass obtained 
through hysteroscopic 
resection and curettage 
confi rmed a benign en-
dometrial polyp

a

c

b
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disease (uterine serosa, adnexal involvement, peri-
toneal cytology, intra-abdominal, and lymph nodes) 
has all been incorporated into the FIGO staging 
scheme (Table 6.3). Although the preoperative as-
sessment of extent cannot replace the surgical stag-
ing, it enables clinicians to tailor treatment. Useful 
preoperative assessments include clinical examina-
tion, Pap smear, transvaginal ultrasound and CT of 
lungs, liver, and retroperitoneal lymph nodes. If overt 
metastatic disease is found, extensive surgery will 
not be performed. Transvaginal ultrasound is simple 
and readily available and has reasonable accuracy in 
predicting cervical and myometrial invasion from 
endometrial cancer [3]. A logistic regression model 
based on several variables was as accurate as most 
other proposed methods for measuring depth of 
myometrial invasion including frozen section of the 
hysterectomy specimen and CT. Contrast-enhanced 
MRI is currently seen as the best method for the as-
sessment of myometrial invasion [16, 28]. Although 
the histological assessment of the hysterectomy 
specimen remains the gold standard, it is important 
to assess myometrial and endocervical invasion pre- 
or intraoperatively. Intraoperative visual estimation 
of the depth of myometrial invasion is accurate in 
90% of cases [31]. The combination of preopera-
tively known tumour grade and visual estimation of 
the depth of myometrial invasion might guide the 
experienced surgeon to select candidates for lym-
phadenectomy. However, preoperative knowledge of 
deep myometrial or cervical stroma invasion allows 
the general gynaecologist to decide whether or not 
the patient requires specialised surgical expertise. 
Indeed, in most countries a general gynaecologist 
lacks the knowledge to perform lymphadenectomy 
(associated with a higher complication rate such as 
lymphedema, infection) and refers the patient to a 
gynaecologist specialised in surgical oncology.

Each case will be graded histologically into G1, G2, 
and G3. Grading is based on nuclear/cytoplasmic ab-
normalities rather than morphology alone. 

6.5.1 
MR Imaging Protocol for 
Staging Endometrial Carcinoma

The MR imaging protocol at intermediate or high-
fi eld strength includes the use of a pelvic phase array 
coil, 3–6 h fasting prior to the examination, and an 
intra-muscular injection of an anti-peristaltic agent, 
such as 20 mg of Buscopan (butylscopalamine, Scher-

ing) at the beginning of the examination [34]. General 
recommendations include small section thickness of 
3–4 mm and a smaller fi eld of view than those used 
for bone imaging covering the pelvic content and 
not the hips or the entire abdomen. After the initial 
localizer, high resolution T2-weigthed pelvic images 
are acquired in a sagittal plane, oblique axial (short 
uterine body axis), and oblique coronal (long uterine 
body axis) plane to detail uterine zonal anatomy and 
help to choose the most appropriate imaging plane 
for contrast-enhanced T1-weighted sequences. At T2-
weighted fast spin echo images an optimal junctional 
zone to external myometrium contrast is obtained 
with a repetition time of about 4000 ms and an echo 
time of about 90 ms. T1-weighted sequences should 
be performed at least after intra-venous bolus in-
jection of gadolinium chelates. Contrast injection is 
mandatory to optimize the diagnosis of myometrial 
invasion [28]. On contrast-enhanced images, the tu-
mour appears hypointense or less enhancing than 
the normal myometrium. At dynamic contrast-en-
hanced T1-weighted sequences the inner myometrial 
layer enhances earlier and more intensely than the 
outer myometrial layer [47]. Myometrial invasion 
can be diagnosed due to the interruption or loss of 
early normal subendometrial enhancement even in 
postmenopausal woman. These early reports dem-
onstrated optimal myometrium to tumour contrast 
at 2 min (120 s) compared to delayed post-contrast 
images acquired at 5 min after injection [47]. A more 
recent study confi rmed these initial results demon-
strating an optimal myometrial to tumour contrast at 
about 2 min 30 s (150 s) compared to 30 or 90 s after 
intravenous contrast injection at fast dynamic 3D 
multiplanar spoiled gradient echo pulse sequences 
with chemically selected fat suppression (FSPGR). 
The choice of pulse sequences can be either 2D or 
3D, but needs to take into consideration the opti-
mal tumour to myometrium contrast after contrast 
injection and the different timing of contrast sam-
pling in 2D versus 3D sequences. Rectilinear -space 
sampling in the y-direction takes places in most 3D 
sequences leading to contrast timing at the middle of 
the sequence acquisition time, taking place at the end 
of the acquisition time for 2D sequences. Therefore, 
a recent consensus meeting of the European Society 
of Urogenital Imaging (ESUR) suggested the use of 
high resolution 3D T1-weighted sequences with an 
acquisition time of about 5 min corresponding to the 
acquisition of gadolinium contrast at 2 min 30 s. This 
technical protocol might allow an increase in matrix 
size to 512×512 and avoid common pitfalls in stag-
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ing myometrial invasion with MRI [27]. T1-weighted 
2D sequences should respect an acquisition time of 
about 2 min 30 s due to contrast acquisition at the 
end of the acquisition time. If cervical invasion is 
suspected, additional T2-weighted sequences accord-
ing to the short and long axis of the endocervical 
channel might be helpful. 

6.5.2 
MR Imaging Findings

The signal intensity of endometrial tumours is usu-
ally hyperintense to the myometrium and slightly hy-
pointense to the normal endometrium at T2-weighted 
images [44]. Although MR imaging cannot differen-
tiate benign from malignant intracavitary endome-
trial neoplasm, benign endometrial polyps can be 
suspected when a central hypointense fi brous core 
is identifi ed at T2-weighted images in the enlarged 
uterine cavity [17]. However, hypointensity within 
the uterine cavity is not a specifi c fi nding and can be 
related to fresh blood (Fig. 6.3). Benign and malig-

nant endometrial tumours may overstretch the cavity 
and cause myometrial thinning (Fig. 6.4) that should 
not be mistaken for myometrial invasion. Diagnostic 
criteria for myometrial invasion include irregular en-
dometrium-junctional zone interface at T2-weighted 
and contrast-enhanced T1-weighted images or inter-
ruption of the junctional zone [41] (Figs. 6.5, 6.6). 
Deep myometrial invasion is defi ned as invasion 
of the external half of the myometrium (Table 6.3; 
Figs. 6.7, 6.8). Involvement of the endocervical glands 
is suspected whenever the tumour signal extends 
from the uterine cavity towards the endocervical 
channel (stage IIA) with widening of the endocervi-
cal channel and/or disruption of the normal cervical 
epithelium (Fig. 6.9). At contrast-enhanced sequenc-
es, endocervical glandular involvement is diagnosed 
when normal contrast-enhancement of the cervical 
epithelium is interrupted (Fig. 6.10) [35]. Stage IIB, 
defi ned as stromal invasion of the cervix requires 
disruption of the normal low signal intensity of the 
junctional zone located at the inner cervical stroma 
at T2-weighted images [13] (Fig. 6.10). Careful com-
parison between T2-weighted and T1-weighted im-
ages is helpful to avoid pitfalls in staging endometrial 
tumours [27] commonly due to adenomyosis or mul-
tiple leiomyoma. Stage IIIA tumours corresponding 
to involvement of the uterine serosa requires trans-
myometrial invasion without normal myometrium 
between the endometrial carcinoma and the perito-
neal cavity (Fig. 6.11) [15]. The spread to the vagina 
(stage IIIB) follows the same diagnostic criteria as 
for cervical cancer. The diagnosis of lymph node in-
vasion (stage IIIC) using size criteria of a small axis 
superior to 10 mm has poor results of sensitivity of 
about 50% [34]. The diagnosis of bladder or rectal 
mucosa invasion (stage IVA) relies on visualization 
of direct extension of the tumour into the normally 
T2-hyperintense mucosa of the bladder or the rectal 
wall (Fig. 6.12). At T1-weighted images the normal 
mucosa strongly enhances after intravenous contrast 
injection. Tumour invasion relies on the disruption 
of the normal mucosa. Before the recent change in 
TNM stage, diagnostic criteria relied on the disrup-
tion of the bladder or rectal wall regardless of the part 
of the wall. Therefore, diagnostic criteria took into 
consideration the hypointense bladder detrusor or 
rectal muscles. Due to the small numbers of patients 
with the newly defi ned stage IVA disease concerning 
only the bladder or rectal mucosa there are currently 
no published results about the performance of MRI 
to diagnose bladder or rectal mucosa wall invasion. 
In patients with cervical cancer and a pathological 

Fig. 6.3. A 52-year-old woman with metrorrhagia underwent 
MRI due to posterior shadowing of the myometrium at trans-
vaginal ultrasound hiding the endometrium and failure to ob-
tain tissue at endometrial sampling without general anesthesia. 
Sagittal T2-weighted fast spin echo image of the uterus shows 
a hypointense central part within the endometrium suggest-
ing a polyp. Multiple subserosal leiomyoma deform the uterine 
contour. Tissue analysis of endometrial curettage confi rmed 
normal endometrial glands and stroma associated with a large 
amount of hemorrhagic liquid mimicking a polyp at MRI
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Fig. 6.4a–c. MRI of the pelvis for staging of serous papillary 
and endometrioid adenocarcinoma of the uterus grade 3 in a 
76-year-old woman. a Sagittal T2-weighted image of the pel-
vis shows a polypoid endometrial mass distending the uterine 
cavity and a preserved junctional zone. Additional T2-weight-
ed images in coronal oblique orientation (long axis view of 
the uterus, b) and axial oblique orientation (short axis view 
of the uterus, c) confi rm absent interruption of the junctional 
zone suggesting stage 1A endometrial carcinoma. Subsequent 
pathology of hysterectomy specimen demonstrated no myo-
metrial invasion (stage IA)

b

c

a

diagnosis of bladder or rectal wall invasion regard-
less of the part of the wall, accuracies of MRI varied 
from 75% to 94% for bladder wall invasion [4, 39] 
and 85% for rectal wall invasion [39]. The sensitivity 
of bladder wall invasion depended on the sequence 
used and was highest with pharmacokinetic images 
(94%) versus contrast-enhanced images (88%) and 
T2-weighted images (81%) [21]. An example of dis-
tant metastasis (stage IVB) detected at pelvic MRI is 
shown in Fig. 6.13.

Various approaches have been explored to in-
crease the detection of pelvic lymph node invasion. 
Preliminary reports in patients with cervical cancer 
have used an intravenous injection of a lymph node 

specifi c contrast agent for MRI, UPSIO (Combidex/
Sinerem) that has shown lack of sensitivity (25%) to 
detect lymph node metastasis in this cancer. Per-op-
erative approaches, such as sentinel lymph node ab-
lation, are also currently under investigation. Indirect 
assessment of the risk of lymph node invasion is pos-
sible by the preoperative assessment of deep myome-
trial and cervical stroma invasion, strongly correlated 
to lymph node invasion and survival [6, 32]. The diag-
nostic performance of contrast-enhanced MRI to de-
fi ne myometrial invasion has been reported superior 
to endovaginal ultrasound or computed tomography 
with accuracies around 91% [28]. Bayesian analysis 
has shown that a positive MRI for myometrial in-
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Fig. 6.5a–d. A 58-year-old woman complaining of abdominal pain and presenting with a 2-cm hypervascular endometrial mass 
at transvaginal ultrasound. Endometrial biopsy diagnosed endometrioid adenocarcinoma grade 1. MRI was performed for stag-
ing. a A sagittal T2-weighted fast spin echo image demonstrating an intermediate signal intensity of the endometrial cancer 
(arrow) associated with a hypointense anterior intramural leiomyoma (arrowhead). The junctional zone is not clearly identifi ed. 
b Sagittal T1-weighted pre-contrast image fails to demonstrate the tumor. c Sagittal T1-weighted dynamic post-contrast image 
at 3 min demonstrates minimal enhancement of the endometrial tumor compared to the subendometrial enhancement of the 
normal myometrium. Decreased myometrial enhancement at the lower tumour-myometrial interface (arrow) points to super-
fi cial myometrial invasion. d T2-weighted long axis view of the uterus shows the fundal position of the tumor not extending 
to the cervix excluding stage II disease. A normal right ovary and a small amount of peritoneal fl uid are also seen. Pathology 
of subsequent hysterectomy specimen confi rmed superfi cial myometrial invasion (1 mm invasion of 15 mm total myometrial 
thickness, stage IB) with associated adenomyosis and a 7-mm leiomyoma

dc
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Fig. 6.6a–c. MRI of the pelvis in a 58-year-old woman status 
post-endometrial biopsy due to postmenopausal bleeding 
demonstrating endometrial adenocarcinoma. a T2-weighted 
sagittal image of a retroverted uterus with thickened endome-
trial layer and an irregular interface between the endometri-
um and the junctional zone. T1-weighted pre-contrast (b) and 
dynamic post-contrast (c) images. The post-contrast image at 
3 min (c) shows decreased endometrial tumor enhancement 
extending into the anterior myometrium (arrow). More than 
50% of the total thickness of the myometrium demonstrates 
strong normal enhancement. Pathology of the hysterectomy 
specimen confi rmed superfi cial invasion of the myometrium 
(stage IB)

ba

c

Fig. 6.7a–e. MRI of the pelvis for staging endometrioid adenocarcinoma grade 1 of the uterus in a 65-year-old woman. Sagittal (a) and 
coronal oblique (b) T2-weighted image of the uterus show a hypointense left-sided posterior intramural leiomyoma (white arrow) in 
a small uterus and an ill-defi ned or not visible junctional zone. b Myometrial signal intensity at the left uterine cornua (black arrow) 
cannot be differentiated from the signal intensity of the endometrium. c Contrast-enhanced dynamic T1-weigted image at 3 min in the 
long axis of the uterus clearly demonstrates two areas of decreased myometrial enhancement: the posterior leiomyoma (white arrow) 
and the anterior left-sided endometrial tumor (black arrow) extending into the myometrium. Residual strong enhancement of the 
normal myometrium (arrowheads) is smaller than half of the total thickness of the myometrium suggesting deep myometrial invasion. 
d Contrast between tumor and normal myometrial enhancement decreased at delayed post-contrast-enhanced image at 4 min 30 s. e 
Sagittal reconstruction of the portal phase of a contrast-enhanced helical CT also shows decreased endometrial enhancement extending 
into the anterior myometrium (arrow). Subsequent pathology of hysterectomy specimen and pelvic lymph nodes confi rmed stage IC 
with 15 mm adenomyoma of the myometrium without lymph node invasion
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Fig. 6.8a–d. An 80-year-old woman with a body weight of 
112 kg, postmenopausal bleeding and recent hip surgery. a 
Sagittal view of endovaginal color Doppler examination dem-
onstrates a 4-cm hypervascular endometrial mass. A poorly 
differentiated endometrioid adenocarcinoma of the uterus 
was diagnosed at endometrial sampling. CT of the abdomen 
was performed for staging due to the patient’s obesity limit-
ing MRI tunnel entrance. b Axial view of the pelvis shows de-
creased endometrial enhancement and a small peripheral ring 
of normally enhancing myometrium (arrowheads). c Coronal 
reconstruction of the uterus demonstrates interruption of the 
strongly enhancing myometrium at the lower left uterine side 
(arrow) suggesting stage IC disease. d The sagittal reconstruc-
tion allows identifi cation of the endometrial tumor close to 
the inner os of the endocervical channel (arrow). Exclusion 
of stage II disease remains diffi cult at CT. Pathology of sub-
sequent hysterectomy specimen confi rms transmyometrial 
tumor invasion with an intact uterine serosa and no cervical 
invasion (stage IC)

b c

a

d
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Fig. 6.9a,b. MRI of the pelvis for staging endometrioid adenocarcinoma grade 1 of the uterus diagnosed at endometrial biopsy in 
a 69-year-old woman with postmenopausal bleeding. a T2-weighted sagittal image of the uterus shows endometrial enlargement 
due to a mass of intermediate signal intensity extending into the inner os of the endocervical channel (arrow) and interrupt-
ing the posterior junctional zone (arrowheads). b Axial oblique T2-weighted image through the cervix demonstrates an intact 
hypointense stromal ring (arrow) excluding stage IIB. Prospective image interpretation concluded on stage IIA disease with at 
least superfi cial myometrial invasion. Pathology of subsequent hysterectomy specimen demonstrated 4 mm depth of myometrial 
invasion for a maximum thickness of 10 mm (stage IB) with associated adenomyosis and no invasion of the cervical mucosa. 
The false positive diagnosis of cervical mucosa invasion was explained at macroscopic examination by tumor prolapse into the 
cervical channel without associated cervical invasion

Fig. 6.10a,b. MRI of the pelvis for staging endometrial carcinoma in a 52-year-old woman. a T2-weighted coronal image of the 
uterus with a distended cavity and an ill-defi ned myometrial endometrial interface. b T1-weighted contrast-enhanced sagittal 
image of the uterus shows decreased enhancement of the endometrial tumor and the deeply invaded part of the myometrium 
(arrow), the cervical channel and the cervical stroma (arrowheads). Pathology of the hysterectomy specimen diagnosed deep 
myometrial and cervical stroma invasion (stage IIB disease). (Courtesy Dr. L. Oleaga, Bilbao, Spain)

ba

ba
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Fig. 6.11a,b. MRI of the pelvis for staging endometrial carcinoma in a 65-year-old woman. a T2-weighted axial image of the 
uterus shows a distended uterine cavity and absent myometrial signal intensity at the left part of the uterus (arrow). b The 
coronal orientation of the T2-weighted image suggests complete left-sided myometrial invasion (arrow). Pathology of the hys-
terectomy specimen confi rmed involvement of the uterine serosa (stage IIIA disease). (Courtesy Dr. L. Oleaga, Bilbao, Spain)

ba

vasion signifi cantly changes post-test probabilities 
for myometrial invasion regardless of prior tumour 
grade at endometrial biopsy [16]. According to this 
study, a suspicious MRI for deep myometrial inva-
sion increased the probability of this pathology to 
60% for grade 1, 84% for grade 2 and 92% for grade 3. 
On the contrary, after a negative MRI for deep myo-
metrial invasion, the probability of deep myometrial 
invasion at fi nal pathology decreased to less than 1% 
for grade 1, to 5% for grade 2 and to10% for grade 3. 
Due to the impact of preoperative knowledge of deep 
myometrial invasion on patient management leading 
to lymphadenectomy at the time of hysterectomy, pr-
eoperative MRI has become a new standard in many 
European countries prior to treatment of patients 
with endometrial cancer. Pre-operative knowledge 
of adequate imaging protocols including medical 
supervision during image acquisition and adequate 
knowledge of image interpretation criteria is manda-
tory to ensure high quality pelvic MRI of endometrial 
cancer. Only at this price will gynaecologists recog-
nize the important role of preoperative pelvic MRI 
and allow MRI to keep its top rang of preoperative 
imaging techniques for endometrial cancer staging.

Computed tomography (CT) has been used as an 
alternative tool for staging endometrial cancer. Its 
performance to diagnose myometrial and cervical 

invasion is not as high as magnetic resonance imag-
ing (MRI) [28]. However, in patients with contra-in-
dication to MRI, CT remains a diagnostic staging tool 
for endometrial cancer, particularly due to the possi-
bility of multiplanar reconstruction in a sagittal and 
coronal plane. Optimal timing of post-contrast imag-
es, however, needs to be refi ned to catch the moment 
when greatest contrast between the strongly enhanc-
ing myometrium and the hypointense endometrial 
tumor is obtained. The lack of anatomical density 
differences between the layers of cervical stroma and 
the mucosa makes the diagnosis of cervical invasion 
quite diffi cult at CT. 

6.6 
Therapy

6.6.1 
Surgery

Surgery is the treatment of choice in early-stage en-
dometrial cancer. The surgical procedure includes to-
tal hysterectomy, bilateral salpingooophorectomy, as 
well as acquisition of peritoneal fl uid or washings for 
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Fig. 6.12a–d. MRI of the pelvis for staging endometrioid adenocarcinoma of the endometrium in an 81-year-old woman with 
postmenopausal bleeding and a history of recurrent sigmoiditis. a T2-weighted sagittal image of the uterus shows an endome-
trial mass (star) and an irregular interface with the junctional zone (arrow). b Fat-suppressed contrast-enhanced T1-weighted 
sagittal image at 3 min allows easier identifi cation of endometrial tumor limits due to decreased tumor enhancement. The 
remaining thickness of the hypervascular, non-invaded myometrium (arrowheads) measures less than 50% of the total myome-
trial thickness (small arrowheads) and suggests deep myometrial invasion. c T2-weighted coronal oblique image of the uterus 
shows absent myometrial signal intensity at the left uterine horn (arrow) suggesting close tumor contact with the sigmoid 
wall demonstrating multiple diverticula. d The contrast-enhanced delayed T1-weighted image in the same plane as (c) shows 
a small part of normal myometrial enhancement (arrow) at the left uterine horn and no abnormal invasion of the adjacent 
sigmoid. Surgery described adhesions between the uterus and lesions of chronic sigmoiditis. Pathology of hysterectomy speci-
men diagnosed stage IC disease
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Fig. 6.13a–d. MRI of the pelvis for staging endometrioid adenocarcinoma of the uterus in a 69-year-old woman with postmeno-
pausal bleeding. a Sagittal T2-weighted image of the uterus demonstrates a large endometrial mass of similar signal intensity 
as the myometrium. b The T2-weighted coronal image (short axis image of the uterus) shows disruption of the junctional zone 
(arrow) and a right-sided large paravertebral mass (asterisk). c Contrast-enhanced fat suppressed T1-weighted coronal image 
shows deep myometrial invasion by the mildly enhancing endometrial tumor coexisting with an enhancing right paraverte-
bral mass. d CT-guided biopsy of the paravertebral mass diagnosed a metastasis of endometrioid adenocarcinoma infi ltrating 
fi brous tissue
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cytology. In selected cases such as clear-cell or serous 
endometrial cancer, there is a need for omentectomy 
and retroperitoneal lymph-node dissection. Although 
the results of randomised trials are still lacking, in ex-
perienced hands, laparoscopy-assisted vaginal hyster-
ectomy is feasible in patients with endometrial cancer. 
Fluid for cytology, peritoneal biopsy samples, lymph 
nodes, and omentum can be obtained in a single lapar-
oscopy-assisted intervention [1]. Type-1 endometrial 
cancer has a primarily lymphatic spread in most cases 
limited to pelvic nodes. If there are positive lymph 
nodes, those around the obturator nerve are more 
likely than those around the external and common 
iliac vessels. Isolated involvement of the para-aortic 
nodes is rare. Endometrial cancer presenting with 
grossly positive pelvic nodes, grossly positive adnexal 
metastasis, or serosal infi ltration is associated with 
positive inframesenteric para-aortic lymph nodes. As 
the risk of lymph node metastasis depends on the 
stage of endometrial cancer, lymph node dissection is 
recommended in the following stages:

FIGO IB, G2 and G3
FIGO IC, G1, G2, G3
FIGO II and FIGO III as far as the carcinoma is 
resectable

Lymph node dissection is also recommended in 
histological subtypes associated with a higher risk of 
lymph node metastasis (e.g., clear cell, serous pap-
illary endometrial carcinoma). Pelvic lymph node 
dissection should be performed in combination with 
para-aortic lymph node dissection because of the 
high risk of metastasis at both sites [24]. Whether 
lymphadenectomy is curative in endometrial cancer 
remains controversial [38].

6.6.2 
Radiotherapy

Radiation can be delivered externally to the pelvis, as 
vaginal brachytherapy, or as a combination. Treatment 
can also be directed to the whole abdomen or to an 
extended fi eld that includes the pelvis and para-aortic 
region. Indications for radiotherapy are generally in 
the adjuvant setting. Radical radiotherapy with intrau-
terine brachytherapy is curative but should be applied 
only in medically inoperable patients [30]. The practice 
of preoperative radiotherapy has been abandoned be-
cause it interferes with adequate surgical staging and 
there is no proven benefi t over postoperative radio-
therapy. The goal of adjuvant radiotherapy is to treat 

=
=
=

the pelvic lymph node region, as well as the central 
pelvic region including the upper vagina as there might 
be microscopic disease. The purpose of radiotherapy 
is the risk reduction for local recurrence. Patients with 
surgical stage IA and grade 1 or grade 2 disease do not 
benefi t from radiotherapy. In patients with stage IB 
grade 1 and grade 2 vaginal brachytherapy is indicated. 
For stage IA grade 3, vaginal brachytherapy associated 
with possible percutaneous pelvic radiotherapy should 
also be discussed. In higher stages a combination of 
brachytherapy and percutaneous pelvic radiotherapy 
is recommended. In stage IV disease, therapy should 
be planned individually [40]. 

6.7 
Follow-Up and Prognosis

Weight loss, pain, and vaginal bleeding can suggest re-
current disease, in most cases occurring during the fi rst 
3 years after primary treatment. Although follow-up 
visits are organised in most settings, retrospective data 
suggest no difference in survival between symptomatic 
and asymptomatic recurrence or between women with 
recurrence detected during routine follow-up visits and 
those with recurrence detected during the interval be-
tween routine visits [2]. Furthermore, follow-up of pa-
tients treated for endometrial cancer based on routine 
Pap smears and systemic imaging does not permit earli-
er detection of recurrence. There is a   psychological ben-
efi t for most patients controlled in a follow-up program. 
In the fi rst 2 years a follow-up visit is recommended 
every 3 month, in the next 3 years every 6 months and 
after 5 years on an annual basis. Local recurrence occurs 
most often at the vagina or the vaginal cuff of hyster-
ectomy; therefore, a vaginal exam including Pap smear 
and transvaginal ultrasound should be performed. As 
endometrial cancer is associated with a higher risk for 
breast cancer, breast examination and mammography 
are also recommended every year. The most important 
prognostic features in endometrial cancer are surgical 
FIGO stage, myometrial invasion, histological type, and 
differentiation grade. The FIGO stage refl ects the 5-year 
survival, which varies according to series but is around 
85% for stage I, 75% for stage II, 45% for stage III, and 
25% for stage IV disease. Nonendometrioid endome-
trial cancers such as serous and clear-cell carcinomas 
account for about 10% of all endometrial cancers, but 
for more than 50% of all recurrences and deaths from 
endometrial cancer [1]. 
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6.8 
Areas of Controversy and Current Research

The following are areas of controversy and current 
research according to Amant et al. [1]:

Assessment of the role of 3D ultrasonography in 
the diagnosis of endometrial cancer.
Cost–benefi t analysis of tests done in women with 
abnormal uterine bleeding.
Microarray analyses and proteomics are likely to 
further disentangle molecular pathways.
Distillation of prognostic and predictive factors 
from molecular fi ndings.
Conservative management with anti-oestrogens 
or local progestogens to conserve fertility
Long-term safety in relation to local and port-site 
metastases of laparoscopically assisted vaginal 
hysterectomy
Accuracy of sentinel procedure for lymph-node 
staging
Pelvic versus local radiotherapy to decrease local 
relapse
Survival benefi t of correct surgical staging (lym-
phadenectomy) and mode of radiotherapy
Role of adjuvant chemotherapy in endometrial 
cancer of surgical stage I–II, type 2
Role of pure anti-oestrogens (fulvestrant) and 
newer selective oestrogen-receptor modulators.
Tibolone and endometrium.
Role of ultrasonography in detection of recurrent 
disease.
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7.1 
Background

7.1.1 
Epidemiology

The annual incidence rate of cervical cancer is 
about 12 per 100,000 women in Germany and 7.9 in 
the United States, with the worldwide rate ranging 
between 5 (Spain) and 45 (Colombia) per 100,000 
women. Cervical cancer accounts for about 4% of all 
malignant diseases and is the eighth most common 
malignancy in women in the more developed coun-
tries. It is the most frequent gynecologic carcinoma 
in women under 50 years of age and the third most 
common gynecologic malignancy in postmenopau-
sal women following endometrial and ovarian can-
cer. About 500,000 women worldwide are diagnosed 
with invasive cervical carcinoma per year and about 
350,000 women die from the disease. It is the sec-
ond most common cause of cancer-related death in 
women, with the majority of affected women living 
in third world countries. In Germany, approximately 
7,000 new cases are diagnosed per year and approxi-
mately 2,000 women die from cervical cancer every 
year [1–3]. The age distribution of invasive cervical 
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cancer shows a fi rst peak between 35 and 45 years 
of age and a second peak between 60 and 64 years. 
The mean age of onset used to be 52 years, but there 
is a tendency toward earlier onset. One reason for 
this tendency is the fact that screening programs 
have reduced the risk of cervical cancer, especially 
in women aged 50 and older (see Sect. 7.1.3). On the 
other hand, the baby boom generation aged 35–45 
results in a larger cervical cancer population in this 
age range. The overall incidence of invasive cervical 
cancer has declined by about 75% in Europe and 
other industrialized countries since the 1970s. The 
annual incidence rate per 100,000 women in Ger-
many was 35 in 1971 as opposed to 12 in 2001. 
This decline is attributable to the availability of cy-
tologic screening, which has led to the identifi cation 
and therapy of precursor lesions of cervical cancer in 
younger women. Progression to invasive cervical can-
cer is thus prevented [4, 5]. Precursor conditions are 
much more common than invasive cervical cancer 
and typically already occur in women aged 30–40. 
Precancerous lesions gradually progress to invasive 
disease over a period of about 10 years [6]. Invasive 
cervical cancer occurring before the age of 35 is typi-
cally of a more malignant type.

The overall mortality from cervical cancer has 
declined by 55% since 1970 and the fi gures continue 
to decrease slightly. The annual mortality rate today 
is 3.2 per 100,000 women in the United States and 
ranges between 2.0 (Denmark) and 4.4 (Germany) in 
Europe. Death from cervical cancer thus accounts for 
just barely 2% of all cancer-related deaths and is no 
longer among the eight most common causes of can-
cer death. This development is primarily attributable 
to the installation of screening programs as a result 
of which more cancers are detected at a more favo-
rable earlier stage (FIGO stages IA and IB) as com-
pared with more advanced disease. In addition, there 
has been a change in therapeutic strategies as it has 
been shown, for instance, that certain subgroups of 
patients benefi t from the combination of surgery and 
radiochemotherapy. Altogether, more patients are 
now treated by surgery alone than by radiotherapy 
alone. Novel and minimally invasive operative tech-
niques primarily aim to improve the patient’s post-
operative quality of life. Despite these advances, there 
has been only slight change in the stage-related prog-
nosis of invasive cervical cancer over the last decades. 
The average relative 5-year survival rate continues to 
be about 65% in Germany and 70% in the USA with 
a relative 10-year survival rate of 59% and 65%, re-
spectively [7, 8].

7.1.2 
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 [9–13]. The overall 
prevalence of cervical HPV infections is 5%–20%, 
with a peak between 20 and 25 years of age. Spontane-
ous regression and clearance of HPV infection with 
complete eradication of the virus is common. Persist-
ence of the virus is only associated with the risk of 
epithelial changes of the cervical mucosa. Especially 
women with cofactors are at risk. These include sex at 
an early age, having many sexual partners, poor geni-
tal hygiene, frequent other genital infections, multi-
ple pregnancies, immunosuppression as in women 
with AIDS, and long-term use of oral contraceptives 
[14–16]. Other cofactors are smoking and vitamin 
defi ciencies. A genetic predisposition also appears 
to be involved.

Cervical cancer of the squamous cell type (see 
Sect. 7.1.5) develops in several stages from local 
epithelial proliferation, through defi nitive epithelial 
changes and dysplasia, to a truly precancerous lesion. 
The precancerous stages are referred to as cervical 
intraepithelial neoplasia (CIN) [17] or squamous 
intraepithelial lesion (SIL) and fi rst progress to car-
cinoma in situ before they become invasive cancers. 
Initial changes typically have their origin in the un-
stable transformation zone of the uterine cervix at 
the junction between the squamous epithelium of 
the portio and the columnar epithelium of the cervi-
cal canal. 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 cervical cancer and has continual-
ly increased over the last two decades. The earliest 
forms of CIN are seen in women in their mid-twen-
ties. CIN often resolves spontaneously but may also 
progress to carcinoma in situ – typically between 25 
and 35 years of age – and fi nally to invasive cervical 
cancer at around age 40.

7.1.3 
Screening

Early detection by means of colposcopic and cy-
tologic screening has considerably lowered the in-
cidence and mortality of cervical cancer since the 
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1970s. The long lead time from the development of 
preinvasive lesions to invasive cancer and the acces-
sibility of the cervix are two important factors that 
contribute to the detection of precursor lesions and 
early stages by screening [18]. Today over 80% of 
cervical carcinomas are detected at stage I when the 
tumor is still locally confi ned. Most of the remaining 
cervical cancers are detected in women who have 
never had a screening test (50% of eligible women 
in Germany) or attended only irregularly. Moreover, 
the usual form of cervical smear cytology and stain-
ing according to Papanicolaou (Pap) has an overall 
sensitivity of only about 60% with a specifi city of 
over 90%. The Pap smear has also been shown to be 
of limited value in detecting the rare histologic type 
of cervical adenocarcinoma [19–21]. Current stud-
ies therefore investigate the effectiveness of different 
screening schemes and evaluate alternative screening 
tests such as monolayer cytology or HPV screening 
[5, 19, 22, 23]. Finally, a vaccine against papillomavi-
rus has been developed and its prophylactic potential 
is under clinical evaluation. 

7.1.4 
Clinical Presentation

Early forms of cervical cancer do not present any 
symptoms. Clinical symptoms occur fairly late, typi-
cally when the tumor has reached the stage of inva-
sive ulcerating cancer. The symptoms include vaginal 
bleeding after intercourse, vaginal discharge, and 
dyspareunia. Diffuse pelvic and back pain radiating 
into the legs may indicate advanced cervical cancer 
with infi ltration of adjacent structures. Large cervical 
cancers may cause pain or bleeding with urination 
or passage of stools. Tumor-induced disturbance of 
lymphatic drainage causes unilateral leg edema, peri-
toneal seeding an increase in body circumference. 
General symptoms of advanced cervical cancer are a 
reduction of physical performance and loss of weight. 
Late complications include respiratory disturbance 
and cough in patients with metastatic spread to the 
lungs. 

7.1.5 
Histopathology

Histologically, approximately 80% of all cervical can-
cers are of the keratinizing or nonkeratinizing squa-
mous cell type. Adenocarcinoma is the second most 

common histologic type, accounting for about 15% 
of all cervical cancers [24]. Its incidence has slightly 
increased over the last 25 years. Cervical adenocar-
cinoma has been found to correlate with recurrent 
or chronic cervicitis and the intake of estrogen-con-
taining drugs. Altogether, however, the pathogenesis 
is unknown. Stage II and III adenocarcinoma has a 
slightly more unfavorable prognosis than squamous 
cell carcinoma [25]. A small proportion (about 3%) 
of adenocarcinomas is of the histologic subtype of 
highly differentiated mucinous adenocarcinoma. 
This so-called adenoma malignum has a very poor 
prognosis because of early spread into the abdominal 
cavity and a poorer response to chemotherapy or 
radiotherapy [26, 27]. At the same time, its well-dif-
ferentiated morphology may lead to misinterpreta-
tion of its malignancy. MRI depicts a solid tumor 
containing multiple cysts which arises from the en-
docervical glands and invades the cervical stroma 
[28]. This malignant tumor is diffi cult to differenti-
ate from cystic cervical lesions, which have a similar 
appearance. The solid tumor portions provide the 
key to the diagnosis [29]. Adenoma malignum is of-
ten seen in patients with Peutz-Jeghers syndrome, 
which is characterized by pigmentation of the skin 
and mucous membranes, multiple hamartomas of 
the gastrointestinal tract, and ovarian tumors [30]. 
Among the rarer histologic types of cervical cancer 
is adenosquamous carcinoma with a proportion of 
3% and a poorer prognosis than squamous cell car-
cinoma and adenocarcinoma [31]. Other cervical tu-
mors are 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 
[32–34].

7.1.6 
Staging

The most widely used staging system is the FIGO 
(International Federation of Gynecology and Obstet-
rics) classifi cation, which distinguishes four stages of 
cervical cancer (Table 7.1) [35]. This staging system 
was introduced before the advent of modern imaging 
modalities and hence differs from all other classifi ca-
tions of gynecologic tumors in that it is still based on 
the results of bimanual palpation. FIGO stage 0 com-
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Table 7.1. FIGO staging of cervical cancer

FIGO Drawing

0 Dysplasia or cervical invasive neoplasia (CIN)

0 Carcinoma in situ (CIN III)

I Cervical carcinoma strictly confi ned to uterus

IA Invasive cancer identifi ed only microscopically

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

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

IB Invasion of stroma greater than 5 mm in depth or greater than 7 mm in 
diameter or clinically visible lesion confi ned 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 cervix but not involving the pelvic 
sidewall or the lower third of the vagina

IIA Tumor involves the vagina but not its lower third

IIB Parametrial invasion

III Tumor involves the lower third of the vagina or extends to the pelvic 
sidewall or causes hydronephrosis

IIIA Tumor involves the lower third of the vagina

IIIB Tumor extends to the pelvic sidewall 
or causes hydronephrosis

IVA Tumor invades mucosa of the bladder or rectum or extends beyond the 
true pelvis

IVB Metastatic spread to distant organs
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prises all forms of preinvasive cervical carcinoma. In 
FIGO stage I, cervical carcinoma is confi ned to the 
uterus (extension to corpus should be disregarded). 
FIGO stage II comprises cervical carcinoma invading 
beyond the uterus with involvement of the upper 
two-thirds of the vagina or of the parametria. FIGO 
stage III cervical carcinoma extends to the pelvic 
wall, involves the lower third of the vagina, or causes 
hydronephrosis or a nonfunctioning kidney. 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.

The FIGO classifi cation also defi nes the diagnostic 
procedures to be used for pretreatment evaluation. 
These comprise biopsy, cervical conization, hysteros-
copy, and endocervical curettage as invasive measures 
for histologic diagnosis. The radiographic modalities 
include intravenous pyelography, barium enema, and 
X-ray examinations of the lungs and skeleton. The 
invasive diagnostic procedures for assessing tumor 
extent consist of cystoscopy and proctoscopy. Find-
ings obtained with MRI, CT, ultrasound, scintigraphy, 
and laparoscopy are not taken into consideration in 
determining the FIGO stage, which is regarded as a 
drawback of this staging system. The vaginal extent 
of cervical cancer can be determined with a high de-
gree of accuracy by means of rectovaginal examina-
tion and colposcopy while the clinical examination 
is less accurate in determining tumor size and para-
metrial involvement. Studies comparing FIGO stages 
with surgical stages found an error rate of about 30% 
for stage IB [36, 37] and of up to 70% for advanced 
tumors of stages II–IV [38]. Clinical symptoms such 
as fever or reactive parametrial infl ammation often 
lead to overstaging. The nodal status is not consid-
ered, although it is crucial for the patient’s progno-
sis and survival [36, 39]. For these reasons, more and 
more examiners prefer surgical and histopathologic 
staging according to the TNM classifi cation from the 
American Joint Committee on Cancer (AJCC) and the 

UICC (United International Cancer Congress) crite-
ria (Tables 7.1 and 7.2). These criteria correlate much 
better with the prognosis. According to the FIGO and 
TNM classifi cation, MRI and CT are optional modali-
ties in perioperative staging [40, 41]. Surgical lymph 
node staging is often performed as a supplementary 
procedure to determine operability or prior to neo-
adjuvant therapy, primary radiotherapy. In patients 
with positive para-aortic lymph nodes, additional bi-
opsies should be obtained from scalene lymph nodes. 
Tumor markers have a poor sensitivity and specifi ci-
ty and are therefore not routinely determined as part 
of the diagnostic work-up and follow-up of patients 
with cervical cancer.

7.1.7 
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 transformation zone 
into the cervical canal in older women, endophytic 
growth patterns of cervical cancer become more 
common (Figs. 7.1, 7.12).

Table 7.2. Staging of cervical cancer according to UICC and 
TNM criteria

FIGO UICC T N M

0 0 Tis N0 M0

I I T1 N0 M0

II II T2 N0 M0

IIIA IIIA T3a N0 M0

IIIB IIIB T1
T2
T3a
T3b

N1 all N positive M0
M0

IVA IVA T4 All N positive M0

IVB IVB All T All N positive M1

Fig. 7.1. Growth patterns of cervical 
cancer: exophytic, endophytic ulcera-
tive, and endophytic expansion with 
barrel-shaped confi guration of the 
cervix. (from [130])
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Cervical cancer is characterized by continuous 
invasive growth with extension into the vagina, par-
ametria, uterine corpus, bladder, rectum, and peri-
toneal cavity. In the same way, the tumor spreads 
to the 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 fi nally the para-aortic 
nodes (Fig. 7.2) [42]. The risk of lymph node metas-
tasis correlates with the stage of cervical cancer. In 
stage IA1 disease (microscopic infi ltration of stroma) 
without vascular space involvement, the probability 
of pelvic lymph node metastasis is less than 1% [43] 
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 infi ltration 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-aor-
tic and supraclavicular lymph nodes, the lungs, the 
abdominal cavity, and the skeleton [44].

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. 7.3) [45]. The incidence 
of pelvic recurrence and metastatic spread is highest 
during the fi rst 2 years after diagnosis and primary 
therapy [46]. The true pelvis is the site of recurrent 
tumor in 60%–80% of cases [44, 47–49]. 

Fig. 7.2. Probability of lymph node 
metastasis by tumor stage

Fig. 7.3. Probability of central pelvic 
recurrence and distant metastasis by 
tumor stage

Percentage
%

Pelvic lymph node
metastasis

Para-aortic lymph node
metastasis

FIGO stage

Central pelvic recurrence

Distant metastasis
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7.1.8 
Treatment

Treatment of cervical cancer is individualized to the 
patient’s disease stage, and the therapeutic scheme may 
also depend on the gynecologic institution. A low-grade 
CIN lesion (CIN I) that is confi ned to the transforma-
tion zone and is fully visible with the colposcope is not 
treated and simply followed up, as it often regresses 
spontaneously in healthy women. CIN I lesions in wom-
en with risk factors for the development of cervical 
cancer and CIN II or CIN III lesions (moderate to severe 
dysplasia) are treated by cervical conization. Stage I and 
IIA cervical cancer and some stage IIB carcinomas are 
treated by primary surgery. Alternatively, stage IB and 
IIA can be treated by primary curative radiotherapy, 
which has a comparable survival rate. Surgery is pre-
ferred in younger women because it has less deleterious 
consequences for the ovaries and vagina and less severe 
long-term effects on the urinary bladder and rectum as 
compared with radiotherapy.

Different surgical options are available to treat 
different tumor stages. Microinvasive cervical carci-
noma of stage IA1 can be treated by simple hysterec-
tomy or therapeutic conization to preserve fertility 
in younger women [50, 51]. Radical hysterectomy 
according to Wertheim with removal of the uterus, 
parametria, and upper vagina including the paracol-
pium (Fig. 7.4a) is considered the standard surgical 
approach to treat stage IB and IIA cervical cancer. 
The radicalness of the resection and extent of lym-
phadenectomy depend on the tumor stage and the 
result of intraoperative quick section diagnosis. Five 

classes of extended hysterectomy are distinguished 
according to Piver. Transabdominal laparoscopic and 
transvaginal approaches are available [52]. Alterna-
tively, the more advanced local tumors of stages IA2 
and IB1 (up to 2 cm in size) can be treated by radial 
trachelectomy combined with lymphadenectomy in 
patients who wish to preserve their fertility. This op-
erative technique consists in transvaginal removal of 
the cervix and parametria with reanastomosis of the 
uterine corpus and vagina (Fig. 7.4b) [53–55]. This 
operative technique requires an experienced opera-
tor and is comparable to hysterectomy in terms of 
prognosis and recurrence rate. The postoperative 
rate of conception is 40%–70%. Pregnancies after tra-
chelectomy have been reported to be associated with 
a markedly higher rate of complications [56, 57].

Lymph node dissection is performed in all cases of 
vascular space invasion regardless of the depth of infi l-
tration. It includes removal of the parametrial, pelvic, 
and para-aortic lymph nodes. Only the parametrial 
and pelvic nodes may be removed in stage IA and IB1 
cervical carcinoma, with a negligible risk of para-aortic 
lymph node metastasis [51, 58]. Surgical removal and 
examination of the so-called sentinel lymph node as 
part of surgical staging is under clinical evaluation. The 
results available so far suggest a high negative predic-
tive value [59, 60]. The sentinel lymph node is the re-
gional lymph node that is assumed to be the fi rst lymph 
node affected in case of metastatic spread.

Alternatively to surgery, primary or neoadjuvant 
radiochemotherapy is used to treat cervical carci-
nomas with a large volume, with infi ltration of the 
vagina, or with parametrial involvement. Following 

Fig. 7.4a,b. 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 hysterectomy are distinguished 
according to Piver. b Radical trachelectomy with removal of the uterine cervix, parametria, a vaginal cuff, and parailiac lymph 
nodes with subsequent uterovaginal anastomosis. (from the lecture script of the Dept. of Gynecology and Obstetrics, Jena 
University Hospital, Germany)

a b
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surgery, adjuvant radiochemotherapy is performed 
in patients with an increased risk of local pelvic re-
currence. An increased risk of recurrence is assumed 
when there is a large tumor volume, a positive surgi-
cal margin, a very small safety margin, invasion of 
blood and lymphatic vessels, parametrial infi ltration 
[7], or lymph node metastasis. A higher recurrence 
rate has also been identifi ed for the histologic types 
of adenocarcinoma and clear cell carcinoma [61].

Advanced cervical carcinomas (FIGO stages III and 
IV) are not amenable to primary curative surgery due to 
their local extent with macroscopically visible involve-
ment of the parametria, extension to the pelvic side-
wall, or para-aortic nodal metastases. For these tumor 
stages, primary defi nitive radiochemotherapy is the 
treatment of fi rst 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 irradiation 
of the uninvolved pelvic lymphatics and uninvolved 
parametrial tissue with a dose of up to 45 Gy and in-
tracavitary brachytherapy with three to six fractions 
of 4–8 Gy each delivered to point A or the uterus [62], 
corresponding to a total dose equivalent of 70–80 Gy 
delivered to point A. The dose delivered by external 
beam radiotherapy is adjusted to the local tumor 
extent and metastatic nodal involvement (boost). A 
larger fi eld of external irradiation is chosen in patients 
with para-aortic lymph node metastases. No brachy-
therapy is done in most patients with infi ltration of the 
bladder or rectum because of the risk of fi stula devel-
opment. Alternatively, cervical cancer with invasion of 
adjacent pelvic organs can be treated by surgical pelvic 
exenteration. The most common therapies according 
to stage are summarized in Table 7.3.

The diagnosis of cervical cancer in a pregnant 
woman presents a therapeutic dilemma. CIN lesions 
or microinvasive cancer (stage IAI) can be treated 
by conization and cerclage with continuation of 
the pregnancy. Following delivery, thorough repeat 
evaluation is performed. In patients with more ad-
vanced cervical cancer diagnosed in early pregnancy, 
hysterectomy with termination of the pregnancy is 
recommended. Patients in advanced pregnancy have 
the option of premature delivery by cesarean section 
with subsequent defi nitive cancer treatment. Contin-
uation of pregnancy with delay of cancer treatment 
is advocated only after the patient has been fully in-
formed of the potential risks and counseled about the 
options available and undergoes close follow-up for 
evaluation of further tumor development.

Local tumor recurrence with infi ltration of the 
bladder or rectum but without extension to the pel-
vic sidewall can be treated by pelvic exenteration 
with curative intention. With strict patient selection, 
the 5-year-survival rate is 82% [63]. Various other 
surgical options are available for removal of recur-
rent tumor. In patients not having undergone radio-
therapy or chemotherapy before, these therapeutic 
options are available for treating central pelvic re-
currence. Repeat radiotherapy achieves success-
ful local control with improvement of symptoms in 
cases of recurrent tumor outside the primary radia-
tion fi eld. Palliative chemotherapy is the fi nal option 
available to all patients in whom curative surgery or 
radio(chemo)therapy is no longer possible.

7.1.9 
Prognosis

Prognostic factors in cervical cancer are tumor vol-
ume, depth of stromal invasion, tumor stage, and 
lymph node status. Negative prognostic factors are 
invasion of blood or lymph capillaries, advanced 
tumor stage (Fig. 7.5), tumor diameter greater than 
4 cm, lymphadenopathy, and onset at an early age. 
The 5-year survival rate is 95% for stage IA1 cervical 
carcinoma and 80% for stage IB2 tumors with a size 
of over 4 cm. In patients with more advanced cervical 
cancer, 5-year survival is 73% for those with para-

Table 7.3. Therapy of cervical cancer

Stage Therapy

0 (CIN I) Cytologic follow-up
0 (CIS) Conization
IA Conization

Simple hysterectomy
Radical trachelectomy (only in patients wish-
ing to preserve their fertility)

IB, IIA Radical hysterectomy with lymph node dis-
section
Radical trachelectomy with lymph node dis-
section (only in patients wishing to preserve 
their fertility)
Primary, neoadjuvant radiochemotherapy
Adjuvant radiochemotherapy

IIB, III, IVA Primary, neoadjuvant radiochemotherapy
Radical hysterectomy with lymph node dis-
section
Adjuvant radiochemotherapy
Exenteration

IVB Primary radiochemotherapy
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metrial invasion in stage IIB, 30% for patients with 
infi ltration of pelvic organs, and 22% when distant 
metastases are present [8, 64]. Patients with negative 
lymph nodes have a 5-year survival rate of 90% as 
opposed to 60%–20% for patients with lymph node 
metastasis. Tumor extension to para-aortic lymph 
nodes reduces survival by half. For instance, the 5-
year survival rate of stage IB decreases from 85% to 
50%–60% in patients with pelvic lymph node metas-
tases and to only 25% in patients with para-aortic 
lymph nodes.

The prognosis for patients with recurrent cervical 
carcinoma is reported to be less than 10% but there 
are subgroups of patients with a markedly better 
prognosis. Five-year survival rates range from 30% 
to 70% in patients with curative pelvic exenteration 
for central tumor recurrence [8, 64]. Similar survival 
rates of 40%–70% are reported for curative radio-
therapy of recurrent cervical carcinoma in patients 
not having undergone primary radiation therapy. 
However, the prognosis strongly depends on the size 
of the recurrent tumor and its location. Recurrent 
tumor in the pelvic sidewall is associated with a dis-
ease-free 5-year survival rate of 20%–50%, which is 
below that of central tumor recurrence [65].

7.2 
Imaging

7.2.1 
Indications

Currently, MRI is recommended for pretreatment 
assessment of local tumor extent in patients with 

histologically proven FIGO stage IB or greater cervi-
cal cancer [66, 67]. It provides relevant information 
for deciding between primary operation and radio-
therapy. It is the method of choice for local tumor 
staging: assessing the depth of infi ltration, tumor 
volume, and involvement of adjacent structures. 
The clinical examination is inadequate to exclude 
parametrial invasion and infi ltration of the urinary 
bladder and rectum while the extent of vaginal in-
volvement can be determined more reliably by means 
of colposcopy. MRI is the most accurate imaging mo-
dality (90%) for distinguishing cancer confi ned to 
the cervix from cancer with parametrial infi ltration 
(stage IB from IIB). Conventional radiologic modali-
ties such as cystoscopy, rectosigmoidoscopy, or dou-
ble-contrast barium enema as recommended in the 
FIGO classifi cation have been abandoned in most 
cases since MRI has become fi rmly established as 
the fi rst-line modality for evaluating the local extent 
of cervical cancer. MR urography has since also re-
placed 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 [79]. Cervical 
cancer of stages 0 (carcinoma in situ) and IA (micro-
invasive cervical cancer) cannot be assessed directly 
by MRI or CT. Nevertheless, in clinical practice, pelvic 
MRI could be performed for pretherapeutic evalua-
tion of the pelvic organs and for radiologic lymph 
node staging at these early stages as well. Most pa-
tients already have a histologic diagnosis of cervical 
cancer at the time they undergo MRI. This means 
that MRI is performed to evaluate the extent of the 
cervical carcinoma and not to detect it.

MRI is considered the best method for planning ra-
diochemotherapy and for following up tumor response 

Fig. 7.5. Five-year survival rates by tumor stage
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to therapy. Pelvic CT scanning is the established tech-
nique for planning radiotherapy in cervical cancer.

In the aftercare of patients, MRI can distinguish 
postoperative scar formation or postactinic changes 
from recurrent tumor after about 6 months. This is 
why guidelines also recommend pelvic MRI in pa-
tients with suspected recurrence of cervical cancer.

With its lower soft-tissue contrast, CT is less widely 
used for assessing the local extent of cervical cancer. 
For tumor stages III and IV, German guidelines rec-
ommend a spiral CT examination to supplement MRI 
in the pretherapeutic staging of cervical cancer.

Positron emission tomography (PET) is currently 
being investigated to evaluate its usefulness in assess-
ing primary and recurrent cervical cancer. No recom-
mendations are available as yet. 

7.2.1.1 
Role of CT and MRI

The most important advantages of multislice CT over 
MRI are the shorter examination time and the high 
spatial resolution. However, direct data acquisition is 
restricted to the transverse plane and reformations in 
oblique plane from data sets causes loss of image qual-
ity. The major drawback of CT is the markedly poorer 
soft-tissue contrast compared with MRI (Fig. 7.6). 

Hence, CT does not visualize the zonal anatomy of 
the pelvic organs. Therefore, the diagnostic accuracy 
of CT is inadequate for the detection of small cervi-
cal cancers and early parametrial infi ltration and it 
has only a minor role in the local staging of cervi-
cal cancer [68, 69]. Unenhanced CT identifi es tumors 
only indirectly as cervical enlargement, while tumors 
are depicted after contrast medium administration 
as contrast-enhancing lesions. Parametrial infi ltra-
tion is detected indirectly by an irregular cervical 
demarcation or larger intraparametrial lesions. CT 
depicts rectal or bladder infi ltration only indirectly as 
consumption of the fat lamella or in advanced tumor 
stages when there is wall thickening or a tumor mass 
protruding into the lumen is present [77, 78].

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 why guidelines in Germany recommend a chest CT 
scan for patients with FIGO stage III or IV cervical 
cancer [130]. The CT of the chest is performed with 
IV contrast and includes the supraclavicular lymph 
nodes. Finally, CT can be used as an alternative mo-
dality for lymph node staging and liver imaging and 
is indicated for evaluating the extent of osseous dam-
age in patients with bone metastases. 

Fig. 7.6a,b. Comparison CT and MRI. a No cervical tumor can be delineated in the sagittal reconstruction of a CT scan. b A 
nodular cervical carcinoma is shown in the dorsal external cervix (arrow) in T2-weighted (T2w) sagittal MRI. Accessory fi nd-
ing: leiomyoma of the dorsal uterine corpus

a b
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With its excellent soft-tissue contrast on T2-
weighted images, MRI is the imaging modality of 
pathology depiction that is ensured by the free se-
lection of imaging planes and imaging in two planes 
(Table 7.4) [70, 71], which allows optimal adjustment 
to pelvic anatomy. MRI differentiates a tumorous le-
sion from surrounding tissue and allows precise de-
termination of its size. T2-weighted images depict 
the organs of the true pelvis, and in part also their 
zonal anatomy, which is the basis for identifi cation of 
intra- and extracervical tumor extension. Studies in 
the literature report accuracy of 90%–95% for MRI 
in the detection of parametrial invasion as compared 
to 72% for CT [72, 73]. The superior depiction of the 
vaginal anatomy by MRI with differentiation of the 
mucosal layer and muscular layer of the wall results 
in earlier detection of vaginal involvement, with an 
accuracy of 90% as opposed to 77%–82% for CT [74]. 
Infi ltration of the bladder and rectum is demonstrat-
ed directly by MRI and is identifi ed with an accuracy 
of 96%–100% [75, 76].

MRI is also the fi rst-line modality for excluding or 
demonstrating local tumor recurrence. In particular, 
MRI enables differentiation of postoperative or radia-
tion-induced scars from recurrent tumor. Additional 
contrast-enhanced dynamic T1-weighted studies are 
helpful to differentiate therapy-related changes from 
tumor tissue. In contrast, CT demonstrates most local 
recurrences only when they produce a mass effect or 
infi ltrate adjacent structures or organs [80, 81].

With regard to lymph node staging, MRI and CT 
have similar sensitivities of only up to 70%, while spe-
cifi city is high at approximately 95% [67, 70, 74]. Heli-
cal CT yields a continuous volume scan from which 
thin slices can be reconstructed and thus enables com-
plete evaluation of the area of interest. However, 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. Such metastases could be identi-
fi ed only by surgical staging. Lymph node staging is 
discussed in more detail in Section 7.2.3.5.

7.2.2 
Imaging Technique

7.2.2.1 
MRI

A brief gynecologic history should be obtained prior 
to the MRI examination. As the morphologic appear-
ance of the uterus varies with the patient’s hormonal 
status, information on the phase of the menstrual cy-
cle or postmenopause as well as on hormone therapy 
(see Chap. 3) should be gathered. Moreover, the histo-
ry should comprise information on pregnancies and 
cesarean sections as well as on invasive diagnostic 
procedures such as cervical conization or curettage. 
In patients undergoing follow-up MRI, information 
on earlier pelvic surgery or radiochemotherapy is im-
portant. The radiologist needs these data to correctly 
interpret the morphologic MR appearance.

MRI is performed with the patient in the supine po-
sition. Fasting is not necessary prior to the examina-
tion, on the contrary, patients should have a light meal. 
Moderate bladder fi lling will straighten an antefl exed 
uterus. Too much bladder fi lling may lead to restless-
ness during the course of the examination or may even 
make it necessary to discontinue the examination.

For an optimal image quality, artifacts caused by 
intestinal peristalsis should be minimized, in general 
by administration of a spasmolytic agent at the be-
ginning of the examination. The usual agent is bu-
tylscopolamine 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 imme-
diately after IV administration while it is delayed by 
a few minutes after IM administration. Alternatively, 
patients with contraindications to butylscopolamine 
bromide (hypersensitivity, glaucoma, driving imme-
diately after the examination) are given an IV dose of 
2 mg glucagon (GlucaGen). Technically, motion arti-
facts 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 preferred. The resolution can also be improved by use 

Table 7.4. Sensitivity and specifi city of MRI in pretreatment 
staging of cervical cancer

MRI CT
FIGO stage Accuracy (%) Accuracy (%)

IB (tumor localization) 91

IIA (vaginal infi ltration) 93

IIB (parametrial infi ltration) 94 70

IIIB (extension to pelvic 
sidewall)

75

IVA (bladder infi ltration) 99

Average stage 83 63
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of a small fi eld of view (FOV), for instance 20 × 20 cm, 
in combination with phase oversampling to prevent 
wrap-around artifacts (aliasing). With surface coils be-
ing highly susceptible to artifacts caused by respiratory 
motion of the abdominal wall, all sequences must be ac-
quired with presaturation of the abdominal wall.

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 orientation, followed 
by T2-weighted imaging in two planes. T2-weighted se-
quences 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 pelvic MRI examination. The fi rst T2-weighted 
sequence should be acquired in the sagittal plane and 
covers the uterus and vagina to the pelvic fl oor. This 
sequence should be acquired with a high resolution 

using thin slices and a small FOV, i.e., a 512 matrix, a 
phase resolution of a least 75%, and a slice thickness 
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 align-
ment perpendicular to the axis of the cervical canal. As 
with the sagittal sequence, the imaging fi eld in trans-
verse orientation extends from the fundus uteri to the 
pelvic fl oor. Images should be acquired with a slice 
thickness of 4–5 mm, a 512 matrix, and a phase-resolu-
tion of at least 75% (Tables 7.5 and 7.6, Fig. 7.12). 

The cervix uteri is normally anteversed and forms 
an angle of about 90° with the axis of the vagina. 
The uterine corpus is fl exed forward, resulting in an 
angle of 70°–100° relative to the cervix. The degree 
of antefl exion varies with bladder fi lling and is also 
affected by the size of the uterine corpus. From pu-
berty onwards, the cervix-to-corpus ratio is 1:2, and 
the corpus again becomes smaller after menopause 
and descends into the true pelvis. The positions of 
the uterus are shown in Figure 7.7.

Table 7.6. Optional protocols at 1.5 Tesla

Orientation Area imaged TR (ms) TE 
(ms)

ST 
(mm)

Flip angle 
(degrees)

FOV (cm) × 
rec FOV(%)

Matrix 
(pixel)

Acquisition 
time (min)

T2w TSE 
respiratory 
triggering

Transverse Renal hili 
to aortic 
bifurcation

One 
respiratory 
cycle

80 4 180 32/75 358×512 4.53

T1w FSE/TSE Sagittal and 
transverse 
oblique

Uterus and 
vagina

944 8.9 5 150 29/75 256×512 3.08

T1w FSE/TSE 
FS post-CM

Sagittal and 
transverse 
oblique

Uterus and 
vagina

944 8.9 5 150 29/75 256×512 3.08

T2w Ira Transverse Pelvis 7770 30 6 150 50/75 384×512 3.47

T2w single-
shot FSE/TSE

Coronal Kidneys to pelvis ∞ 69 5 150 40/75 256×154 0.15

T1w 3D GE 
post-CM

Coronal Kidneys to pelvis 3.67 1.2 2 20 40/81.3 249×512 0.32

aTI = 130 ms

Table 7.5. Recommended standard protocol at 1.5 Tesla

Orientation Area imaged TR (ms) TE 
(ms)

ST 
(mm)

Flip angle 
(degrees)

FOV (cm)/ 
rec FOV (%)

Matrix 
(pixel)

Acquisition 
time (min)

T2w 
FSE/TSE

Sagittal Uterus and 
vagina

4000 100 4 150 30/75 282×512 6.09

T2w 
FSE/TSE

Transverse 
oblique

Uterus and 
vagina<

4000 100 4 150 30/75 282×512 4.01

T1w 
FSE/TSE/PD

Transverse Pelvic fl oor to 
aortic bifurcation

500–1690 10 6 150 30/75 269×448 6.05
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Angulated image acquisition ensures optimal de-
piction of the cervix and parametria and their topo-
graphic relationships (Fig. 7.8). 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 infi ltration through the paravaginal tis-
sue from below, additional angulation perpendicu-
lar to the vagina is useful. For optimal evaluation 
of vaginal infi ltration, the vagina may be distended 
with ultrasound gel. Involvement of the pelvic fl oor 
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 the 
surgical procedure.

For evaluation of the pelvic sidewall and lymph 
node staging, an additional proton-density or a T1-
weighted sequence in transverse orientation should 
be performed (see Fig. 7.11). The acquisition starts at 
the level of the aortic bifurcation and extends to be-
low the pelvic fl oor. A slice thickness of 6 mm is used, 
with a 512 matrix and a phase resolution of at least 
60%. Complete coverage of the inguinal lymph nodes 
should be attempted in patients with cervical cancers 
involving the lower third of the vagina (stage IIIA 

Fig. 7.7. Positions of the uterus. Version is the tilting of the 
uterus relative to the vagina and varies with bladder fi lling 
(typically 90°). Flexion refers to the position of the uterine cor-
pus relative to the cervix (typically 70°–100°) (from [131])

Fig. 7.8 a,b. Angulation. T2w TSE images in sagittal orientation of a more hyperintense cervical cancer of the posterior cervix 
with infi ltration of the posterior vaginal fornix. The cervical cancer 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 staging (cancer, cervical stroma, parametria) and the cancer is depicted on more slices

a b
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or higher), which may be associated with inguinal 
lymph node metastasis.

Intravenous contrast medium administration is 
rarely necessary for primary staging of cervical can-
cer, as the contrast medium does not improve tumor 
delineation from surrounding tissue compared with 
the unenhanced T2-weighted images in most pa-

tients (Figs. 7.9, 7.10). Often, contrast enhancement 
even impairs differentiation of the tumor from para-
metrial tissue. 

Contrast-enhanced images can, however, improve 
the diagnostic accuracy of identifying tumorous in-
fi ltration of the urinary bladder or rectum. The ex-
tent of infi ltration is visualized as a disruption of 

Fig. 7.9a–d. Contrast enhancement of cervical cancer. a, b T2w turbo-spin echo (TSE image) in sagittal and transverse orien-
tation. 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 orientation with fat saturation acquired 1 min 
after administration of Gadopentate dimeglumine (Gd-DTPA). There is pronounced contrast medium enhancement of the 
hypervascularized cervical cancer (asterisks) with less enhancement of the hypointense cervical stroma (arrows)
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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 
differentiation of an edematous stromal reaction (no 
enhancement) of the vesical or rectal wall from tu-
mor infi ltration (positive enhancement) [82]. Con-
trast-enhanced pelvic MRI is performed by acquiring 
T1-weighted sequences before and after CM admin-
istration. The contrast medium that is usually used is 
an unspecifi c gadolinium-based low-molecular agent 
administered at a dose of 0.5 mmol/kg body weight. 
The contrast-enhanced T1-weighted study can be 
planned by adopting the imaging area and orienta-
tion of the T2-weighted sequences.

CM administration is indicated to differentiate 
recurrent tumor from postoperative and postactinic 
changes at follow-up MRI (Fig. 7.11). A dynamic T1-
weighted postcontrast study with repeated acquisi-
tions enables temporally resolved quantifi cation of 
CM enhancement. 

Various other sequences are available to answer 
specifi c queries and provide specifi c 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 triggered T2-weighted sequences for im-
aging of the abdomen in transverse orientation from 
the renal hili to the aortic bifurcation (Fig. 7.12).

In patients with locally advanced or recurrent cer-
vical cancer, it is often necessary to exclude ureteral 
obstruction, which can be done on transverse 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 possible urinary retention and require 
little extra time to acquire. In addition, contrast-en-
hanced MR urography can be performed to exclude 
tumor-induced hydronephrosis. 

Rectouterine or vesicouterine fi stulas may develop 
as a complication of radiochemotherapy. A clinically 
suspected fi stula is an indication for contrast-enhanced 
MRI using an unspecifi c gadolinium-based low-mo-
lecular contrast medium. 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 fi stula is typically a fi liform structure 
of low signal intensity lumen and shows a contrast en-

Fig. 7.10a,b. 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 margin 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 hypointense and hypovascular-
ized cervical cancer is inhomogeneous (asterisk) and tumor delineation is not improved by contrast medium administration
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Fig. 7.11a–f. Contrast enhancement of cervical cancer. a–c T2w TSE images in sagittal and transverse orientation. Local recur-
rence 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 sagittal and transverse orientation 1 min after Gd-DTPA administration show local recurrence as 
an enhancing tumor (arrows). Accessory fi nding in a: Bartholin cyst (asterisk)
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Fig. 7.12a–h. Illustration of imaging protocol. a, b T2w TSE images in sagittal and transverse orientation. Stage IB cervical cancer 
(arrows). The tumor is surrounded by low-signal-intensity cervical stroma. Accessory fi nding: small fl uid collection in the pouch 
of Douglas, small leiomyoma in the posterior uterine corpus. 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 orientation.  Cervical 
cancer (arrows). g PD-TSE image for lymph node assessment in the true pelvis. h T2w TSE image with respiratory-gating (PACE) 
for lymph node assessment in the abdomen
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hancement of the wall. In addition, T2-weighted inver-
sion recovery sequences that null the signal of fat have 
a high accuracy in detecting fi stulas. 

A technical overview of the recommended MR 
protocol is given in Tables 7.5 and 7.6.

7.2.2.2 
Dynamic MRI

Dynamic contrast-enhanced MRI of the uterine cer-
vix is performed to evaluate the course of contrast 
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 fi rst postcontrast acquisition 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 differ-
entiation of posttherapeutic 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 the surrounding cervical stroma 
[83], no benefi t was found for differentiation of the 
tumor or the demonstration of parametrial infi ltra-
tion in studies that evaluating color-coded dynamic 
MR images [84, 85]. 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 contrast medium time-intensity curves and 
angiogenic activity as an indicator of infi ltration of 
the lymphatic system [86]. No correlation was found 
for other malignancy criteria such as infi ltration 
depth and metastatic pelvic nodes. 

7.2.2.3 
Coil Technique

Morphologic MRI staging of cervical cancer implies 
high demands on SNR, signal homogenity, and spa-
tial 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 ac-
quisition time. The surface coil is placed on the torso 
and must cover the entire imaging area. Local coils 
such as endorectal or endovaginal coils are rarely 
used alternatives. They improve the spatial resolution 
of structures in their immediate vicinity but they 
distort anatomy, for instance, by compressing lipid 

lamellae. 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 better patient comfort, 
local coils have not become widely accepted. 

7.2.2.4 
Vaginal Opacifi cation

Opacifi cation and distention of the vagina is a con-
troversial subject. 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 infi ltration is im-
portant for planning brachytherapy. The insertion 
of a vaginal tampon soaked with contrast medium 
has been abandoned because distention of the va-
gina is incomplete while anatomic relationships are 
distorted. But intravaginal application of a contrast 
medium, e.g., ultrasound gel as a negative contrast 
medium (Fig. 7.13) was found to improve evaluation 
of vaginal involvement and is part of the routine 
protocol in some centers.

Fig. 7.13. Tumor growth and vaginal opacifi cation. T2w TSE 
image in sagittal orientation. The high-signal-intensity cer-
vical cancer has a central necrotic cavity (asterisk) with an 
air–fl uid level. There is barrel-shaped expansion of the cervix 
and portio through the tumor. Tumor growth into the uterine 
cavity (arrow). Accessory fi nding: leiomyoma of the uterine 
corpus (open arrow). The vagina and fornix are distended by 
gel, which allows exclusion of vaginal infi ltration

∗
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7.2.3 
Staging

7.2.3.1. 
General MR Appearance

The basis of the radiologic evaluation of cervical 
cancer is T2-weighted MRI sequences [87], which 
provide a high soft-tissue contrast for optimal differ-
entiation 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 inten-
sity. Cervical cancer typically develops as a circum-
scribed 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 infi ltration. These sequences are also crucial 
for excluding extracervical extension and infi ltration 
of the parametria, vagina, bladder, and rectum. The 
two critical issues – depth of infi ltration and para-
metrial 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 epithelium of 
the external cervix with the columnar epithelium 
of the cervical canal. This zone is usually located on 
the portio in younger women, which is where cervi-
cal cancer usually occurs with exophytic growths. In 
contrast, older women with retraction of the transfor-
mation zone into the cervical canal typically develop 
cervical cancer with an endocervical growth pattern 
(Fig. 7.13). This growth type usually gives rise to the 
typical barrel-shaped confi guration 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 cervical stroma. De-
marcation from the corpus uteri, vagina, and para-
metria is also more diffi cult (Fig. 7.14). Only larger 
cervical carcinomas can be identifi ed on the basis of 
their mass effect.

However, T1-weighted images can be useful in de-
lineation of the tumor within the lateral parametria, 
which have a higher fat content than the medial para-
metria, which results in an improved content between 
high-signal-intense fat vs low-signal-intense carci-
noma. In the routine clinical setting, T1-weighted 

sequences are primarily used for lymph node staging 
and for unenhanced imaging in cases where contrast 
medium administration is planned.

Cervical carcinomas show early enhancement 
15–30 s after contrast medium administration. The 
increase in signal intensity can improve the contrast 
between the hypointense cervical stroma and the hy-
perintense tumor on T1-weighted images. Altogether, 
however, the signal intensity of cervical cancer is het-
erogeneous and varies with vascularization. In pre-
therapeutic staging where precise determination of 
the extent of the tumor in the cervix and its relation-
ship to the corpus uteri, parametrial tissue, and the 
vagina is important, 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 
infi ltration of the bladder or rectum or extension to 
the pelvic sidewall and for the exclusion of recurrent 
tumor by posttherapeutic MRI. The indications for 
contrast medium administration are discussed in 
Sect. 7.2.2.

7.2.3.2 
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, especially adenocarcinoma, are brief-
ly described with regard to their clinical status and 
imaging features (see also Sects. 7.1.5, 7.2.6). In gen-
eral, it is not possible to distinguish these less com-
mon histologic types from squamous cell carcinoma 
of the cervix on the basis of their MR appearance.

With a proportion of 10%–15% of all cervical 
cancers, adenocarcinoma is the most frequent of the 
rare histologic types. The histologic distinction is im-
portant. Adenocarcinomas arise from the columnar 
epithelium and are associated with a higher risk of 
infi ltration of the uterine corpus, lymphatic spread, 
and local recurrence compared with squamous cell 
carcinoma. Adenocarcinoma is more diffi cult to 
demonstrate histologically, which is why the diagno-
sis is often delayed until the tumor has reached an ad-
vanced stage. The clinical and radiologic evaluation 
of tumor extent also presents a challenge, as some 
adenocarcinomas are characterized by subepithelial 
growth and diffuse infi ltration. Parametrial infi ltra-
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tion is not always associated with a disruption of the 
cervical stroma. A focal lesion is not always apparent 
on MRI since small adenocarcinomas often grow dif-
fusely and have a signal intensity similar to that of 
normal cervical tissue. The morphologic MR appear-
ance varies with the histologic subtype. Mucinous 
adenocarcinoma is the most common subtype and 
may be endocervical or ectocervical in location. T2-
weighted images show a tumor with an intermediate 
to slightly hyperintense signal intensity, depending 

on the mucin content. The margin is irregular and 
blurred. The second most common subtype is ad-
enoma malignum, an extremely well-differentiated 
mucinous adenocarcinoma that is very diffi cult to 
confi rm histopathologically. Adenoma malignum is 
composed of clusters of cystic lesions within an oth-
erwise more or less solid tumor tissue of high signal 
intensity. The solid portions are the key to the differ-
entiation from dilated cervical glands and nabothian 
cysts. Other histologic subtypes are endometrioid, 

Fig. 7.14a–d. 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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clear cell, and serous adenocarcinoma of the cervix, 
which are histologically similar to carcinomas of 
the uterine corpus. They are of an intermediate to 
slightly high signal intensity on MRI and arise in the 
endocervix, from where they infi ltrate the cervical 
stroma. In this type of tumor, it may be diffi cult to 
determine whether the origin is in the cervix or in the 
uterine corpus. In general, the part of the uterus from 
which the tumor arises shows deeper infi ltration and 
more marked enlargement to the respective other 
part (cervix or corpus). The rare subtype of adenos-
quamous cervical carcinoma resembles squamous 
cell carcinoma with regard to its growth pattern and 
morphologic appearance on MR images.

Neuroendocrine cervical carcinoma is the second 
most frequent of the rare histologies. With its hetero-
geneous appearance and high signal intensity on T2-
weighted images, neuroendocrine cervical carcinoma 
resembles squamous cell carcinoma at MRI.

7.2.3.3 
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 diameter of 1–2 cm or 
a volume of 2–4 cm3 (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 fi rst choice for determining tumor size 
[88], since cervical cancer is best distinguished from 
surrounding tissue in these sequences. The gyneco-
logic examination tends to underestimate tumor size, 
while MRI may overestimate size when the tumor is 
surrounded by edema (about 15%). Contrast medium 
administration can enable differentiation of edema 
and tumor since only the tumor shows enhancement.

Tumor size is usually determined by measuring the 
longest diameter and its perpendicular. Two-dimen-
sional measurement is based on the WHO guidelines 
for evaluating the response of solid tumors to chemo-
therapy or radiotherapy. Since a precise description 
of the spatial extent of a tumor is crucial prior to sur-
gery, the tumor should also be measured in the third 
dimension. However, in patients where it is important 
to evaluate the response to radiochemotherapy, tumor 
size should be measured according to the RECIST1 (re-
sponse evaluation criteria in solid tumors) guidelines 

1 RECIST is a set of rules defi ning the criteria when cancer 
patients improve (respond), stay the same (stable), or worsen 
(progression) during treatments. The longest diameter of the 
target lesion is measured.

for one-dimensional measurement [89] (Fig. 7.15). 
These guidelines have superseded the two-dimension-
al WHO measurement as the standard. 

Techniques of tumor volumetry can additionally 
be applied. These techniques relied on formula such 
as height × width × length × /6 to calculate approxi-
mate tumor volume or determined the volume by in-
tegration of the individual slice volumes (Fig. 7.14).

7.2.3.4 
Local Staging

7.2.3.4.1 
Stages 0 and IA

The precursor lesions of cervical cancer, cervical 
intraepithelial neoplasia/CIN and carcinoma in situ 
(stage 0), and the earliest cancer stage, microinvasive 
cervical cancer (stage IA), are not amenable to clini-
cal evaluation (see Sect. 7.1.2), nor are they detected 
by MRI because they do not alter the normal mor-
phologic MR appearance of the cervix (Fig. 7.16). The 
normal endocervix is depicted on T2-weighted im-
ages with a hyperintense, continuous mucosal layer 
surrounded by hypointense cervical stroma, which 
consists of connective tissue and smooth muscle. The 
normal cervix is 3 cm long and has a diameter of 
2–2.5 cm. Colposcopy and conization is the method 
of choice for evaluating these early forms of cervical 
carcinoma. The conization defect is depicted on MR 
images as a circumscribed 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.

7.2.3.4.2 
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 confi ned to the cervix 
but is characterized by invasive local growth. This is 
the earliest stage that can be demonstrated by MRI 
[70, 90]. The average MRI detection rate is 95% [74]. 
Stage IB1 (diameter <4 cm) and stage IB2 (diameter 
>4 cm) are distinguished on the basis of their size. 
Stage IB2 cervical cancer has a poorer prognosis and 
may be treated by neoadjuvant radiochemotherapy 
prior to surgery. Transverse and sagittal T2-weighted 
images depict cervical carcinoma as a high-signal-
intensity lesion within the low-signal-intensity oval 
cervical stroma (Figs. 7.12, 7.17–7.20). Cervical can-
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cer at this stage is fairly smoothly marginated and 
completely surrounded by low-signal-intensity cervi-
cal stroma. Occasional exophytic bulging of a stage IB 
tumor into the vagina or the parametrium may be 
mistaken for infi ltration.

Parametrial infi ltration can be reliably excluded 
if the tumor is surrounded by a low-signal-inten-
sity rim on transverse T2-weighted images. A large 
stage IB2 cervical carcinoma can obstruct the cervi-
cal canal and lead to hydrometra or hematometra. 
Hydro- or serometra is suggested by a fl uid collection 
in the uterine cavity showing hyperintensity in T2-
weighted and low-signal-intensity in T1-weighted, 
whereas a hematometra is characterized by high-sig-
nal-intensity in T2-weighted and T1-weighted.

7.2.3.4.3 
Stage IIA

In stage IIA cervical cancer, infi ltration 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 hyperintense segmental dis-
ruption or lesion in the otherwise low-signal-intensity 
vaginal wall. Infi ltration of the anterior and posterior 
fornix and of the wall is best seen in sagittal orienta-
tion (Figs. 7.21–7.24). The radiologist interpreting the 
images must be aware that a large exophytic cervical 
cancer may lead to widening of the fornix and thus 
mimic vaginal infi ltration. In such cases, opacifi cation 
and distention of the vagina can be helpful.

a
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Fig. 7.15a-c. Determination of tumor size. 
a, b T2w TSE images in sagittal and trans-
verse 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). c Fol-
lowing segmentation and slice summation, 
the tumor volume is calculated and shown 
(17 ml). Gel fi lling of the vagina. (Courtesy 
of Dr. A.J. Lemke, Berlin)
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7.2.3.4.4 
Stage IIB

Stage IIB cervical cancer is characterized by para-
metrial infi ltration but without extension to the pel-
vic sidewall. Parametrial infi ltration has important 
implications for the therapeutic approach. MRI is 
the only noninvasive modality that allows adequate 
evaluation of parametrial infi ltration. The accuracy 
of MRI in the evaluation of parametrial invasion 
is up to 90%. Sagittal and transverse T2-weighted 
images angulated perpendicular to the cervical 
canal are most suitable to evaluate parametrial 
infi ltration. It is indicated by a disruption of the 
low-signal-intensity cervical stroma. Visualization 
of an uninterrupted rim of cervical stroma reliably 
excludes parametrial infi ltration, except for the rare 
cases of diffusely infi ltrating adenocarcinoma. Early 
microscopic parametrial infi ltration 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 infi ltration is the direct visualization 
of a tumor mass extending into the parametria 
(Figs. 7.25–7.28). Occasionally, the parametria may 

Fig. 7.16a,b. T2w TSE images in sagittal and transverse orientation showing cervical cancer histologically proven by conization. 
Visible conization defect of the external os (arrow). No tumor is seen on MRI. Microscopic tumor manifestation was demon-
strated in the surgical specimen

a b

Fig. 7.17. Stage IB. T2w TSE image in sagittal orientation. High-
signal-intensity cervical cancer (arrow) primarily involving 
the posterior cervix and the portio. Gel fi lling of the vagina
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be invaded from below through the paravaginal 
space. The anatomy of the true pelvis determines the 
further routes of spread of cervical cancer. Infi ltra-
tion of the rectouterine or vesicouterine ligaments 
at their cervical attachments is seen on MR images 
as focal thickening. In rare cases, parametrial inva-
sion can cause retraction with displacement of the 
cervix to the side of infi ltration.

7.2.3.4.5 
Stage IIIA

Stage IIIA tumor is established when there is in-
volvement of the lower third of the vagina. As with 
stage IIA tumor, sagittal and oblique transverse T2-
weighted sequences are most suitable to evaluate 
vaginal infi ltration. Tumor infi ltration is indicated by 

Fig. 7.18a,b. Stage IB. a, b T2w TSE images in sagittal and transverse orientation. The small cervical cancer is seen as a high-signal-in-
tensity lesion primarily growing within the cervix (arrows). The cancer is surrounded by low-signal-intensity cervical stroma on both 
sagittal and transverse images. Accessory fi nding: uterine prolapse and leiomyomas of the anterior wall of the uterus. (from [132])

a b

Fig. 7.19a,b. 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 fi nding: Nabothian cysts

a b
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a hyperintense disruption and continuous or discon-
tinuous thickening of the vaginal wall that extends to 
the lower third of the vagina. This stage is also asso-
ciated with an increased risk of metastatic spread to 
the superfi cial 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 fl oor to the level of 
the urinary bladder).

7.2.3.4.6 
Stage IIIB

Cervical cancer with invasion of the pelvic sidewall 
corresponds to stage IIIB. Cervical cancer can reach 
the pelvic sidewall by continuous lateral growth 
through the parametrial tissue and the sacral bone 
and through posterior extension along the sacrouter-
ine ligament (Fig. 7.29). T2-weighted images depict 

Fig. 7.20a–d. 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 sagittal and transverse 
orientation. No circumscribed cervical cancer is seen on the image obtained 1 min after Gd-DTPA administration. Accessory 
fi nding: uterine adenomyosis
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Fig. 7.21a,b. Stage IB. a T2w TSE image in sagittal orientation. 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 infi ltration of the posterior vaginal fornix. (open 
arrow) b T1w TSE image with FS in sagittal orientation. Following administration of Gd-DTPA, a 
hypovascularized cervical cancer is depicted. Accessory fi nding: thin defect in the anterior myome-
trium near the isthmus 3 weeks after cesarean section

a b

Fig. 7.22a–c. Stage IIA. a, b T2w TSE images in 
sagittal and transverse orientation. Demonstra-
tion of a high-signal-intensity tumor with barrel-
shaped expansion of the cervix, infi ltration of the 
upper third of the anterior vagina (arrow), and 
expansion of the posterior fornix by polypous tu-
mor (open arrow). The cancer is surrounded by 
low-signal-intensity cervical stroma on the sagit-
tal and transverse images. c T1w TSE image with 
FS in transverse orientation. Following Gd-DTPA, 
a moderately vascularized tumor is seen
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tumor infi ltration as hyperintense lesions in the 
intermediate signal intensity of the muscle, or low 
signal intensity of the cortical bone, or as thicken-
ing of the vascular wall. T1-weighted imaging allows 
evaluation of the extent of advanced parametrial in-
fi ltration and possible extension to the pelvic sidewall 
with good delineation of the hypointense tumor mass 
from the lateral parametrial tissue and the interme-
diate-signal-intensity muscle tissue. The tumor-re-
lated consumption of the lateral lipid lamella seen on 
T1-weighted images may already suggest extension 
to the pelvic sidewall from the surgical perspective 
even if direct infi ltration of the sidewall is not yet 
apparent.

Ureteral infi ltration and obstruction with hydrone-
phrosis is also classifi ed as stage IIIB disease (Fig. 7.30). 
The ureter courses over the psoas muscle from dorso-
laterally 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 para-
metria toward the base of the bladder. At the level of 
the uterine isthmus, the ureter courses lateral to the 
uterine cervix at a distance of 1–2.5 cm and is over-
crossed by the uterine artery anteriorly. The ureter is 
typically infi ltrated by lateral tumor growth through 

Fig. 7.23a,b. Stage IIA. a T2w TSE image in sagittal orientation. High-signal-intensity cervical cancer with ulceration (open 
arrow) of posterior portion and infi ltration of the posterior vaginal fornix (arrow). b T1w TSE image in sagittal orientation. 
Following administration of Gd-DTPA, a high-signal intensity (hypervascularized) cervical cancer with ulceration and tumor 
infi ltration of the posterior vaginal fornix is seen. Gel fi lling of the vagina

a b

Fig. 7.24. Stage IIA. T2w TSE image in sagittal orientation. 
Cervical cancer seen as a high-signal-intensity mass of the 
anterior proximal cervix (arrow) with infi ltration of the upper 
two-thirds of the vagina (open arrow)
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the parametria. A thickening of the ureteral wall or hy-
dronephrosis is seen. In patients with a tumor mass in 
the parametria, the kidneys and urinary tract should 
be included in the imaging volume in order to confi rm 
or exclude ureteral obstruction and hydronephrosis.

7.2.3.4.7 
Stage IVA

Stage IVA cervical cancer is characterized by infi ltra-
tion of the mucosa of the rectum or urinary bladder. 

The FIGO classifi cation is based on mucosal infi ltra-
tion of these organs because the outer wall layers 
are not amenable to evaluation by endoscopy and 
biopsy. MRI, on the other hand, already identifi es 
infi ltration of the outer muscular layer of the blad-
der and rectum. Tumor extension to the rectum is 
either through invasion of the sacrouterine ligament 
or through direct infi ltration of the pouch of Doug-
las with subsequent extension of the tumor to the 
anterior rectal wall (Fig. 7.31). The peritoneal fold 
of the rectouterine space (pouch of Douglas), on the 

Fig. 7.25a–d. Stage IIB. a, b T2w TSE images in sagittal and transverse orientation. Hyperintense cervical cancer with endocer-
vical necrotic cavity (arrows). Parametrium infi ltration is indicated by the fact that the cervical stroma is disrupted on the left 
side with lateral tumor extension (open arrow). There is no involvement of the pelvic sidewall. c, d T1w TSE images with FS in 
sagittal and transverse orientation. Following administration of Gd-DTPA, there is pronounced enhancement indicative of a 
hypervascularized cervical cancer. Reliable evaluation of the extent of parametrium infi ltration is no longer possible since the 
parametria also show contrast enhancement

a c

b
d
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Fig. 7.26a-c. Stage IIB. a, b T2w TSE images in 
sagittal and transverse orientation. Cervical can-
cer (asterisks) with infi ltration 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 parametrium infi ltration. c T1w TSE image 
with FS in transverse orientation 1 min after ad-
ministration of Gd-DTPA showing a moderately 
hypervascularized cervical cancer with hypovas-
cularized cervical stroma and hypervascularized 
lateral parametrial tissue. c

b

a
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∗
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Fig. 7.27a–d. Stage IIB. a, b T2w TSE images in sagittal and transverse orientation. Cervical cancer (asteriks) with infi ltration of 
the posterior vaginal fornix. Clearly seen are parametrium tumor extensions (arrows) in a posterior direction and to the right 
without infi ltration of the pelvic sidewall or of the rectum. c, d T1w TSE images in sagittal and transverse orientation 1 min 
after administration of Gd-DTPA. Heterogeneous hypervascularized cervical cancer (asterisks) with hypovascularized, necrotic 
portions. Accessory fi nding: cervical cysts

a c

b d
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Fig. 7.28a–d. Stage IIB. a, b T2w TSE images in sagittal and transverse orientation. Cervical cancer with infi ltration 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 infi ltrate 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 orienta-
tion 1 min after administration of Gd-DTPA
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Fig. 7.29. Stage IIIB. T2w TSE image in transver-
sal orientation. Cervical cancer with right lateral 
parametrial infi ltration and infi ltration of the 
right pelvic wall (arrows)

Fig. 7.30a–d. 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 
infi ltration and infi ltration of the right ureter, which is distended as a consequence (arrows)

a b

c d
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other hand, acts as a natural barrier that aggravates 
extension to the anterior rectal wall. 

The urinary bladder is infi ltrated through con-
tinuous anterior growth of the cervical tumor along 
the peritoneal fold between the cervix and the blad-
der, also referred to as the vesicouterine ligament 
(Figs. 7.32, 7.33). Sagittal and transverse T2-weighted 
MR images depict infi ltration as segmental disrup-
tion of the hypointense muscular layer of the wall of 
the bladder or rectum by hyperintense tumor. Con-

trast-enhanced T1-weighted images often enable a 
more reliable identifi cation of segmental disruption 
because of stronger enhancement of the tumor as 
compared with the muscular layer. Infi ltration of the 
wall of the bladder and/or the rectum as well as con-
tiguity of cervical cancer with either of these organs 
has important therapeutic implications.

Tumor infi ltration of these hollow organs is quite 
often associated with the development of fi stulas. A 
collection of air in the urinary bladder may indicate 

Fig. 7.31a–d. Stage IVA. a, b T2w TSE images in sagittal and transverse orientation. c, d T1w TSE images in sagittal and transverse 
orientation 1 min after administration of Gd-DTPA. Cervical cancer with infi ltration of the posterior parametria. Rectal infi ltra-
tion (arrows) is seen as hyperintense tumor extension disrupting the anterior rectal 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)

a c

b d
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Fig. 7.32a,b. Stage IVA. a, b T2w TSE images in sagittal and transverse orientation showing cervical cancer with infi ltration of 
the urinary bladder. Disruption of the hypointense bladder wall and intravesical tumor growth are seen (arrows). In addition, 
there is infi ltration of the left lateral parametria and the left ureter, which is distended as a consequence (open arrow)

b

a

Fig. 7.33a,b. Stage IVA. a T2w TSE image in sagittal orientation. Cervical cancer with infi ltration of the vesicouterine ligament 
and of the low-signal-intensity posterior bladder wall (arrow). T1w TSE image with FS transverse orientation 1 min after ad-
ministration of Gd-DTPA. b After CM administration, a hypervascularized tumor (transverse image) is seen in the posterior 
bladder wall (arrow). (from [133])

a

b
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a vesicouterine fi stula especially under chemo- or ra-
diotherapy (Figs. 7.47–7.49) (see Sect. 7.2.5.4). A fi stula 
can be best demonstrated with contrast-enhanced T1-
weighted sequences, which will depict the fi stula as an 
enhancing formation with an nonenhancing fi liform 
lumen. Alternatively, a fi stula can be demonstrated as a 
hyperintense fi liform structure with a high sensitivity 
by using a T2-weighted inversion recovery sequence. 

7.2.3.4.8 
Stage IVB

Stage IVB cervical cancer is characterized by hematog-
enous dissemination and is discussed in Sect. 7.2.3).

7.2.3.5 
Lymph Node Staging

Following invasion of the dense network of lymphatic 
vessels in the parametria, cervical cancer can spread 
to the pelvic and para-aortic lymph nodes. Nodal 
metastasis is not taken into account by the FIGO clas-
sifi cation, although it is important for therapy and is 
the most important prognostic factor. The earliest 
tumor stage associated with lymph node metastasis 
is IB (20%) and the risk increases with tumor size 
and stage (see Sects. 7.1.7, 7.1.9). The risk of meta-
static lymph nodes is increased in tumor recurrence 
(38%) [91] and in patients with adenocarcinoma as 
compared with squamous cell carcinoma. Lymphatic 
spread usually fi rst affects the primary 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. 7.34–7.37).

Finally, there may be spread to extra-abdominal 
lymph nodes. These are primarily the supraclavicular 
lymph nodes in the venous angle (Fig. 7.37), at the ter-
mination of the azygos and hemiazygos veins into the 
superior vena cava, besides the less commonly affected 
parabronchial and axillary lymph node stations. Most 
metastatic lymph nodes become clinically apparent 
only when there is pronounced enlargement with ob-
struction, for instance of the ureter, or compression 
of nerves. The morphologic changes caused by nodal 
metastases range from slight increases in size of iso-
lated nodes to large lymph node conglomerates. 

Radiologic evaluation of the lymph nodes is based 
on 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 
[40, 92]. Other morphologic criteria are an irregu-
lar contour, inhomogeneous contrast enhancement, 
and central necrosis. Intravascular contrast medium 
administration is especially useful to differentiate 
vascular structures or to identify necrotic areas [93]. 
Stronger contrast enhancement is not a reliable crite-
rion as it may also indicate reactive changes.

Another modality, whole-body FDG-PET (5-fl uor-
odesoxyglucosis-positron emission tomography), can 

Fig. 7.34a–d. Lymph node staging. Stages 
of metastatic spread to the lymph nodes 
in cervical cancer. a Parametrial nodes. 
b Nodes along the external and com-
mon iliac arteries. c Presacral nodes. d 
Para-aortic nodes (regarded as distant 
metastases) (from [134])
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Fig. 7.35a–c. Lymph node 
staging in different pa-
tients. a–c PD-TSE imag-
es in transverse orienta-
tion. a Suspicious lymph 
node of round confi gura-
tion measuring 1 cm in 
diameter of the external 
iliac artery group on the 
left (arrow) in a patient 
with cervical cancer with 
bilateral parametrial 
infi ltration 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 num-
ber of presacral lymph 
nodes with round confi g-
uration (arrows). c Suspi-
cious round and enlarged 
lymph nodes of the com-
mon 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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Fig. 7.36a–c. Lymph node staging 
in different patients. a PD-TSE 
images in transverse orientation 
shows para-aortic and interaor-
tocaval 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 c

b

a
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used as a supplementary test for lymph node staging 
in follow-up [94] but has similar limitations to estab-
lished imaging modalities, which include identifi ca-
tion of micrometastases and differentiation of tumor 
from infl ammatory changes. FDG PET provides no 
morphologic information and has to be combined 
with CT or MRI, possibly using the technique of im-
age fusion [95]. Lymphangiography has been aban-
doned as a modality for assessing lymph node status 
and is no longer recommended in the guidelines for 
the diagnostic management of cervical cancer [96].

7.2.3.6 
Distant Metastases

Distant metastases are characteristic of stage IVB 
cervical cancer. In the FIGO classifi cation, metastas-
es of the para-aortic lymph nodes count as distant 
metastases. Hematogenous dissemination occurs late 
in cervical cancer or typically in patients with lo-
cal tumor recurrence. Organ metastases most com-
monly 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 ad-
ditional helical CT scan of the chest, abdomen, and 
pelvis including the supraclavicular region with oral 
opacifi cation and IV bolus administration of contrast 
medium is recommended [130].

Autopsy studies found pulmonary metastases in 
about 35% of patients with recurrent cervical can-
cer. The probability of lung metastases is similar for 
squamous cell carcinoma and adenocarcinoma of 
the cervix. Solitary or multiple nodular pulmonary 
metastases may occur and are comparable to pulmo-
nary metastases from other primaries in that clini-

cal symptoms occur late. Chest CT is recommended 
as the fi rst-line modality for exclusion of pulmonary 
metastases. Alternatively, routine chest radiography 
performed before therapy for assessment of the car-
diopulmonary status can likewise be used to exclude 
pulmonary metastases but is less sensitive than CT. 
Pulmonary metastases are associated with mediasti-
nal or hilar lymphadenopathy in 30% of cases and 
with pleural metastases in about 27% (autopsy stud-
ies). A slightly higher risk of pleural metastases has 
been reported for cervical adenocarcinoma. Rare 
fi ndings are pericardial metastases, bronchial spread 
with endobronchial obstruction (5%), and pulmo-
nary lymphangiosis carcinomatosa (3%) [97]. 

Liver metastases occur in about 30% of patients 
with recurrent cervical carcinoma [98] (Fig. 7.38). 
They are identifi ed by ultrasound as multiple fo-
cal lesions of low echogenicity and as focal lesions 
with heterogeneous contrast medium uptake on CT 
and MRI. MRI has the highest sensitivity in detect-
ing liver metastases, especially when performed with 
administration of a liver-specifi c contrast medium 
[99]. Metastases of the peritoneum (Fig. 7.38), ma-
jor omentum, or mesentery were identifi ed at au-
topsy studies in 5%–27% of cases [98, 100]. Clinical 
symptoms occur late and comprise abdominal pain 
and an increase in abdominal circumference. Metas-
tases in these locations are sensitively identifi ed by 
MRI and CT [101, 102]. MRI is performed with con-
trast-enhanced fat-saturated T1-weighted sequences, 
optionally supplemented by oral opacifi cation. Char-
acteristic signs of peritoneal metastases are a wavy 
contour of the liver resulting from impression by the 
focal lesions, nodular peritoneal masses, and irregu-
lar peritoneal thickening. Ascites is unspecifi c but 
may indicate peritoneal metastases [101].

Fig. 7.37. Lymph node staging. Con-
trast-enhanced CT image. Supraclavicu-
lar lymph node metastasis on the left 
( asterisk). FIGO stage IVB

∗
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Recurrent cervical cancer is associated with bone 
metastases (Fig. 7.39) in 15%–29% of patients at au-
topsy [100, 103]. Typical locations are the bony pelvis 
as well as the lumbar and other vertebral bodies. Bone 
metastases in the ribs and extremities are less com-
mon. Skeletal metastases typically have an osteolytic 
character and originate from locally advanced or re-
current tumor in the pelvic sidewall or arise through 
retrograde tumor spread in patients with para-aor-
tic lymph node metastasis [104]. 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-intensity bone mar-
row with a high sensitivity. CT primarily shows the 
extent of osseous destruction.

About 15% of patients with recurrent cervical cancer 
develop adrenal metastases [98]. Vary rare are splenic, 
pancreatic, gastrointestinal, and renal metastases.

7.2.4 
Specifi c Diagnostic Queries

7.2.4.1 
Preoperative Imaging

Pretherapeutic local tumor staging is crucial to de-
termine resectability and to select the most suitable 
operative procedure (simple hysterectomy, radical 
hysterectomy, trachelectomy, extent of lymphadenec-
tomy), which is primarily based on tumor size, lymph 
node status, and parametrial involvement. The surgical 
procedure chosen on the basis of the MRI fi ndings is 

Fig. 7.39. Distant metastases. T1w TSE image in sagittal ori-
entation. Para-aortic lymph node metastases with vertebral 
infi ltration of L1–L3. Consecutive total collapse of vertebral 
body of L2. FIGO stage IVB

∗

Fig. 7.38a,b. Distant metastases. a, b Contrast-enhanced CT images. Numerous hypovascularized metastases are seen in the liver. 
In addition, metastatic spread to the peritoneum (asterisk) and extensive para-aortic lymph node metastases. FIGO stage IVB
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often specifi ed further by surgical lymph node staging. 
If no primary surgery and no surgical lymph node 
staging are performed, the MRI fi ndings serve to de-
termine the target volume to be irradiated. MRI after 
adjuvant therapy serves to reconsider the indication for 
surgery. In patients with local recurrence, the MRI fi nd-
ings have an important role in deciding about repeat 
surgery and the surgical technique. Contraindications 
to curative exenteration are intraperitoneal implanta-
tion, nonresectable nodes, extensive involvement of the 
pelvic sidewall, and liver or lung metastases.

MRI also has a crucial role in establishing the in-
dication for radical trachelectomy. Only patients in 
whom MRI demonstrates a tumor-free internal os of 
the cervical canal at the isthmus uteri are candidates 
for trachelectomy [105]. Therefore, it is additionally 
important to estimate the distance of the tumor from 
the uterine isthmus and from the vaginal vault. Tra-
chelectomy is not performed if there is infi ltration of 
the isthmus or of the myometrium of the uterine cor-
pus. The isthmus is identifi ed by its small diameter 
and the entrance of the uterine vessels.

7.2.4.2 
Imaging Before and After Radiotherapy

In patients scheduled for primary radiotherapy with-
out surgical staging, the pretreatment radiologic 

evaluation together with the clinical fi ndings gains 
in importance. The use of two reference points, A 
and B, for reporting the dose of radiation stems from 
the times of conventional planning of radiotherapy 
(Fig. 7.40). Point A serves as a reference for the pri-
mary tumor and is located 2 cm lateral and superior 
to the level of the portio. Point B is 5 cm lateral to and 
2 cm above the portio level and corresponds to the 
pelvic sidewall. Some investigators still report radia-
tion doses delivered to points A and B for the sake of 
comparison despite individualized radiotherapy.

Although the actual radiotherapy procedure is 
usually planned by means of a CT scan, MRI has an 
increasing role in treatment planning and controlling 
radiation, as it is superior in visualizing the tumor vol-
ume and infi ltration of surrounding tissue (Figs. 7.41, 
7.42). The CT scan performed to plan radiotherapy 
serves to determine the physical parameters of irra-
diation such as number and direction of the radiation 
fi elds, collimation, and dose distribution. The use of 
3D-based individual planning of radiation fi elds is 
more and more replacing the four-fi eld box technique 
(Fig. 7.41). Dose-volume histograms serve to deter-
mine the respective dose corresponding to a specifi c 
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 pri-
mary tumor volume (GTV, gross tumor volume), the 

Fig. 7.40. Points A and B. The use of two 
reference points, A and B, for orientation 
stems from the times of conventional 
planning of radiation therapy. Point A 
is 2 cm lateral to and above the level of 
the portio and serves as a reference for 
the tumor on both sides of the cervix. 
Point B is 5 cm lateral to and 2 cm above 
the portio level and indicates the pelvic 
wall
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Fig. 7.41a–d. 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 fi elds using a four-fi eld 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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Fig. 7.42. MR-Imaging 
during intracavitary 
brachytherapy. Axial T2w 
image during intracavi-
tary brachytherapy facili-
tates treatment planning 
and is useful in control-
ling the relationships 
between tumor and ap-
plicator (arrow). Measur-
ing probes are placed in 
the rectum. (Courtesy of 
Dr. S. Marnitz, Berlin)
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area of potential tumor extent (CTV, clinical target 
volume), and a safety margin that takes into account 
patient and organ motion are defi ned. The CTV com-
prises the uterus, at least the proximal third of the va-
gina, the parametrial tissue up to the pelvic wall, and 
the pelvic lymphatic drainage system, which is irra-
diated with a dose that is high enough to eliminate 
both micrometastases and manifest metastases. The 
only proven indication for para-aortic irradiation are 
metastatic para-aortic nodes. To spare the intestine, 
planning and irradiation are usually performed with 
the patient positioned prone on a belly board. 

The results of pretherapeutic MRI and surgical tu-
mor and nodal staging are usually available when the 
indication for adjuvant radiotherapy is established. 
Additionally, postoperative hydronephrosis should 
be excluded. Patients who have undergone R2 resec-
tion require follow-up MRI for evaluation of the re-
sidual tumor.

Radiation therapy is usually done with individual 
doses of 1.8–2 Gy per fraction with fi ve fractions per 
week up to a total dose of 60–75 Gy encompassing 
the entire tumor volume. Treatment is continued for 
a maximum of 7 weeks. If external beam irradiation 
is supplemented by brachytherapy, the latter is per-
formed in three to eight fractions, each with a dose 
of 5–8 Gy, or with delivery of one to two doses of 
20–30 Gy. A cervical sheath is used in most cases to 
ensure identical positioning of the brachytherapy ap-
plicator.

Acute side effects of irradiation develop within 
90 days and affect organs directly exposed to radia-
tion. Typically, they include acute gastrointestinal tox-
icity and skin reactions. Other adverse effects such as 
hematologic suppression and acute toxic reactions of 
the genitourinary tract are rare. Chronic side effects 
may range from disturbed intestinal mobility to ileus, 
chronic diarrhea, and chronic cystitis with shrinkage 
of the bladder. Impaired vaginal function is typically 
associated with brachytherapy and can be prevented 
or improved by local measures. Fistulas may develop 
as severe complications after regression of large in-
fi ltrating tumors. Ureteral stricture is typically seen 
after combined surgery and radiation therapy. Loss 
of ovarian function may occur through scatter radia-
tion even if the ovaries have been surgically trans-
posed. Radio-osteonecrosis as a late complication has 
become rare since the introduction of 3D planning. 
Combination of radiotherapy with chemotherapy 
may occasionally require adjustment of the dose of 
systemic therapy since the combined approach is as-
sociated with a higher acute toxicity.

Hyperthermia is a new treatment that is currently 
being evaluated in phase II and III studies in combina-
tion with radiotherapy or chemotherapy for treating 
locally advanced cervical cancer [106,107]. Hyper-
thermia exerts a direct cytotoxic effect by heating 
the tumor tissue but primarily aims at improving the 
tumor’s response to radiotherapy or chemotherapy 
through reactive hyperemia. It is performed as deep 
regional hyperthermia by means of electromagnetic 
radiation with simultaneous control of temperature 
in special MRI scanners. 

7.2.5 
Follow-up

7.2.5.1 
Findings After Surgery

Scar tissue being older than 6 months has a low signal 
intensity similar to that of muscle on T1-weighted 
and T2-weighted MR images. Fresh scars are of a 
higher signal intensity on T2-weighted images due 
to infl ammation and neovascularization in the fi rst 
months after surgery. Signal intensity decreases with 
fi brosis. 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 overlap on T2-weighted im-
ages. This is why a dynamic contrast-enhanced study 
could be necessary, which can better distinguish re-
current tumor on the basis of its earlier and more 
pronounced CM enhancement. 

After radical hysterectomy, the uterus and the 
vaginal vault are absent [108]. The vaginal stump is 
depicted with a smooth end and as a symmetrical, 
elongated, or rectangular structure that is sharply de-
marcated from the surrounding fatty tissue between 
the bladder and the rectum (Fig. 7.43). Cranial to the 
stump, the resection cavity is fi lled by parts of the 
urinary bladder and bowel. Images in sagittal orien-
tation are most suitable to evaluate the vaginal wall 
[78]. On T2-weighted images, the vagina is charac-
terized by a high-signal-intensity inner mucosal layer 
and a smooth outer muscular layer of low signal in-
tensity. Surgical clips are depicted on MRI images as 
small signal voids at the vaginal stump. Some patients 
develop fi brotic scar tissue at the roof of the vaginal 
stump. It is characterized by an intermediate to low 
signal intensity on T2-weighted and T1-weighted im-
ages and may be diffi cult to differentiate from recur-
rence if it is of a nodular confi guration.
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The peri- and postoperative complications include 
the development of vesicovaginal fi stulas, which typi-
cally occur on the basis of necrosis roughly 1–2 weeks 
after the operation. If they do not close spontaneously 
they are operated on after 8 weeks or later in patients 
undergoing adjuvant radiotherapy. Injury to the uri-
nary bladder occurs in 3%–5% of patients undergo-
ing radical hysterectomy and ureteral damage in 2%. 
Ureteral damage is usually treated by primary surgi-
cal repair. Ureterovaginal fi stulas typically develop in 
the second postoperative week and have an incidence 
of about 1%. They close spontaneously after place-
ment of a double-J catheter. Lymph edema of the legs 
has an incidence of 3% after surgery and of 5%–15% 
after adjuvant radiotherapy. Clinically, approximately 
15% of patients develop acute bladder voiding diffi -
culties after radical hysterectomy with lymph node 
dissection, caused by mechanical factors as well as 
damage to bladder innervation. The incidence in-
creases with the radicalness of the operation.

In radical trachelectomy, MRI depicts the end-to-
end anastomosis and the development of a posterior 
neofornix (Fig. 7.44). The latter may develop in the 
process of healing and must be carefully distinguished 
from a recurrent tumor. The few recurrences of cervi-
cal cancer observed after trachelectomy occurred at 
the site of anastomosis [109]. Occasionally, stenosis 
has been observed after trachelectomy. Moreover, 

mobilization of the parametrial and paravaginal tis-
sue can lead to diffuse thickening of the vaginal wall, 
which may mimic recurrent invasive tumor at MRI. 
Most of these postoperative changes recede sponta-
neously. In some patients, asymptomatic widening 
of the parametrial venous plexus has been observed. 
In patients becoming pregnant after trachelectomy, a 
cerclage 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 struc-
tures 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 enhancement of the wall, 
therapy may be required in the form of repeat opera-
tion, puncture, drainage, or sclerotherapy.

Pelvic exenteration is the curative method of 
choice in patients with central pelvic tumor recur-
rence and comprises colpectomy and hysterectomy 
with removal of the bladder (anterior exenteration) or 
of the bladder and rectosigmoid (complete exentera-
tion). In addition, the intervention may be performed 
as supralevator exenteration with partial resection 
of the levator plate or as translevator exenteration 
with vulvectomy and radical resection of the leva-
tor muscle, urogenital diaphragm, and vulvoperineal 

Fig. 7.43a,b. Status after hysterectomy. a, b T2w TSE images of different patients in sagittal orientation. Normal appearance of 
the vaginal stump (arrows) after hysterectomy without (a) and with (b) fi lling of the vagina. Patient is catheterized

a b
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soft tissue. The patient’s quality of life is improved by 
subsequent reconstruction of the pelvic organs with 
deep rectal anastomosis, creation of a urinary pouch, 
and possibly creation of a neovagina. The interven-
tion-related mortality is about 5%.

7.2.5.2 
Findings After Chemotherapy

The main criterion for a response to chemotherapy is 
a reduction of tumor size. For follow-up of tumor size 
under chemotherapy, the largest transverse diameter 
of the lesion is measured according to the RECIST 
criteria [89]. A size reduction of at least 30% is de-
fi ned as a partial response to therapy. Tumor progres-
sion is assumed when there is an increase in size of at 
least 20%. Tumor regression is associated with a loss 
of signal already on unenhanced T2-weighted images 
and an inhomogeneous signal pattern resulting from 
regressive tumor areas with reduced perfusion. MRI 
is the method of choice for evaluating the response to 
chemotherapy in patients with cervical cancer. How-
ever, in patients on chemotherapy, both vital tumor 
tissue and infl ammatory 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 criterion for a 
response to therapy at this stage is the size reduc-
tion of the tumor. The concomitant reaction of the 
surrounding tissue and fi brosis impairs not only the 
radiologic diagnosis but also later surgical treatment. 
MR spectroscopy is being investigated experimen-
tally as an alternative imaging modality for following 
up tumor response to chemotherapy [110].

7.2.5.3 
Findings After Radiotherapy

MRI is the fi rst-line radiologic modality for follow-
up after radiation therapy. It may be performed 6 
and 12 months after completion of irradiation and 
whenever tumor recurrence is suggested by the clini-
cal or gynecologic fi ndings. During and shortly after 
radiotherapy, the entire irradiated fi eld shows a reac-
tive signal increase on T2-weighted images and more 
pronounced contrast enhancement on T1-weighted 
images. This is why differentiation of tumor tissue 
from reactively infl amed tissue is impaired during 
and shortly after irradiation. Hence, MRI during or 
within the fi rst 6 months after radiotherapy is indi-
cated in exceptional cases as the evaluation of the 
tumor shrinkage or the assessment of a fi stula.

Effective radiation therapy leads to a signifi cant re-
duction or complete disappearance of the tumor and 
a decrease in signal intensity on T2-weighted images 
(Figs. 7.45, 7.46). A reliable sign of complete tumor re-
mission is the return of the normal anatomy of the cervix 
and proximal vagina, which is suggested by the depic-
tion of a homogeneous stroma of low signal intensity 
with a smooth mucosal membrane often accompanied 
by shrinkage of the cervix. Recurrent tumor is typically 
seen as a high-signal-intensity mass corresponding to 
the original tumor on T2-weighted images.

The signal changes seen at MRI correlate with the 
overall radiation dose applied. Radiation-induced ede-
ma persists in the myometrium 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 nar-
rower, and the zonal anatomy of the myometrium is 
eliminated. In postmenopausal women, the uterus 
returns to its former MRI appearance without zonal 
anatomy after resolution of radiation-induced edema. 

Fig. 7.44. Status after trachelectomy. A T2w TSE image in 
sagittal orientation. Markedly shortened uterine cervix after 
radical trachelectomy with fertility-sparing uterovaginal rea-
nastomosis (arrow). Gel fi lling of the vagina
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Fig. 7.45a–c. Monitoring of radiotherapy. a–c T2w TSE im-
ages in sagittal orientation. a Cervical cancer (asterisk) with 
infi ltration of the vagina and parametria. b Tumorous mass of 
the cervix has disappeared 2 months after radiotherapy. En-
docervical 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 fl uid

a

b

c
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The vagina also has an increased signal intensity on 
T2-weighted images due to edematous and infl amma-
tory changes in the acute and subacute phase after ir-
radiation. About 6 months after the end of radiation 
therapy, there is a fi brosis-related signal reduction 
on T2-weighted images. Shrinkage of the cervix and 
vagina may occasionally lead to an effective stenosis 
(radiogenic fi brosis) with subsequent development of 
serometra or hematometra. This condition is associ-
ated with symmetric enlargement of the uterus with a 
central fl uid collection, which is of high signal inten-
sity on T2-weighted images and also on T1-weighted 
images if the protein or blood content is high.

A complication after irradiation is the develop-
ment of fi stulas due to therapy-induced regression 
of invasive cervical cancer (Figs. 7.47–7.49) (see 
Sect. 7.2.3.4.7). Contrast-enhanced T1-weighted im-
ages identify a fi stula as abnormal enhancement 
surrounding the low-signal-intensity fi stular canal. 
A fi stula from the uterus or vagina to the bladder is 
suggested when there is air in the bladder [71]. 

Postactinic radiogenic colitis is characterized by 
concentric edematous thickening of the intestinal wall 
with preservation of the layered structure and may be 
associated with additional edematous thickening and 
infi ltration of the perirectal fat. Radiation-induced 
stricture of the ureter or insuffi ciency fracture of the 

sacral bone have become rare. The bone marrow of the 
pelvic bone in the irradiated fi eld is regularly replaced 
with fat marrow, which is depicted on T1-weighted im-
ages with a high signal intensity.

7.2.5.4 
Recurrent Cervical Cancer

Cervical cancer tends to recur within 2 years after the 
initial diagnosis. Recurrence is defi ned as the demon-
stration of renewed local tumor growth, development 
of nodal metastases, or hematogenous distant metas-
tases after a tumor-free interval of at least 6 months. 
About 30% of patients with invasive cervical carcino-
ma die because of recurrent disease. Some guidelines 
recommend follow-up examinations at 3-month in-
tervals during the fi rst 3 years, every 6 months during 
the next 2 years, and once a year thereafter. A survival 
advantage from inclusion in structured follow-up has 
not been demonstrated. The routine follow-up tests 
comprise a gynecologic examination, which may be 
supplemented by colposcopy and cytology, and a 
transvaginal ultrasound examination. More extensive 
tests are performed in patients with suspected locore-
gional tumor recurrence. Recurrence is suggested by 
the fi ndings of the gynecologic follow-up examination 
or if the patient reports diffi culties passing urine or 

Fig. 7.46a–c. Monitoring of radiotherapy. a–c T2w TSE images in sagittal orientation. a Cervical cancer (arrow) with infi ltration 
of the urinary bladder. b Size reduction of the tumor (arrow) during radiotherapy. c No circumscribed tumor of the cervix is 
depicted 3 months after completion of irradiation (arrow).

ba c
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stools or other suspicious complaints. Recurrent tu-
mor of the pelvic sidewall may manifest with pain due 
to nerve infi ltration or leg edema due to obliteration 
of the lymphatics.

Usually follow-up MRI is not indicated during the 
fi rst 6 months after completion of primary therapy 
due to limitations of MRI in differentiating recur-
rent tumor from acute peri- or postoperative chang-
es [111]. As with primary staging, follow-up MRI 

should be performed by using sagittal and transverse 
T2-weighted sequences as well as a respiratory-gated 
T1-weighted abdominal PACE sequence and a T1-
weighted pelvic sequence for lymph node staging. In 
contrast to pretreatment MRI, the follow-up exami-
nation should always comprise a contrast-enhanced 
T1-weighted sequence. These are always performed 
in combination with an unenhanced T1-weighted ex-
amination in identical orientations. Ideally, the con-

Fig. 7.47a,b. Fistula after radiochemotherapy. a, b T2w TSE images in sagittal and transverse orientation. Following radioche-
motherapy of advanced cervical cancer, a fi stula depicted as a high-signal-intensity fl uid-fi lled connection is seen between the 
vagina and urinary bladder (arrows). There is urine in the vagina

a b

Fig. 7.48a,b. Fistula after radiochemotherapy. a, b T2w TSE images in sagittal and transverse orientation. Following radioche-
motherapy of advanced cervical cancer, a fi stula depicted as a high-signal-intensity fl uid-fi lled connection is seen between the 
vagina and urinary bladder (arrow). There is air in the bladder (open arrow)

ba
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trast-enhanced images should allow differentiation of 
recurrent tumor, which shows early and pronounced 
enhancement, from scar tissue. If there is extension 
to the pelvic fl oor, this basic protocol can be supple-
mented by T2-weighted sequences in coronal orien-
tation. If hydronephrosis is suspected, an additional 
coronal T2-weighted sequence or contrast-enhanced 
MR urography are indicated.

Recurrent cervical cancer has a variable appearance 
at MRI. The tumor may have a nodular appearance 
with a blurred contour and extensions into surround-
ing tissue, which may lead to fi xation of bowel loops. 
The irregular contour is due to tumor extensions and 
desmoplastic reactions. Alternatively, a recurrent tu-
mor may show diffuse growth. In this case, the absence 
of a circumscribed mass makes a tumor especially dif-
fi cult to distinguish from a postoperative scar. In the 
clinical examination, both a scar and recurrent tumor 
may appear indurated. Problems are also posed by 
nodular scars and scars with adhesion to surrounding 
structures. T2-weighted MR images depict recurrent 
tumor as an inhomogeneous lesion with an irregular 
borders [112]. Recurrent cancer can be differentiated 
from scar tissue and muscle by a higher signal inten-
sity on T2-weighted images as well as earlier and more 
pronounced enhancement on contrast-enhanced T1-

weighted images. Regressive tumor portions may be 
identifi ed 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 on condition that 
MRI is performed not earlier than 6 months after the 
end of therapy. During the fi rst 6 months after therapy, 
MRI cannot differentiate vital tumor tissue from post-
operative reactive changes.

Despite the short examination and the absence of 
artifacts caused by bowel motion, CT has little use 
in differentiating posttherapeutic changes and re-
current tumor in the true pelvis. However, CT of the 
chest, abdomen, and pelvis after oral opacifi cation 
and IV contrast medium administration can be used 
in the follow-up of cervical cancer to exclude distant 
metastases and nodal involvement. The benefi t of 
whole body FDG PET in detecting recurrent cervi-
cal cancer and distant metastasis is currently being 
investigated [113, 114]. As with MRI, at least 6 months 
should elapse after primary therapy to correctly in-
terpret increased focal accumulation.

Recurrent tumor after surgery is most frequently 
seen in the operative bed, primarily the vaginal stump, 
and at the resection margins, in particular the pelvic 
sidewalls. After radical hysterectomy, most tumors 
show supravaginal recurrence (20%) at the roof of 
the vaginal stump and in the rectovaginal space, typi-
cally between the bladder and the rectum. An occa-
sional patient may develop fi brotic scar tissue at the 
roof of the vaginal stump, which is characterized by 
moderate to low signal intensity on T2-weighted and 
T1-weighted images. When recurrent tumor has been 
identifi ed, its relationship to the vaginal stump should 
be described and infi ltration of the urinary bladder or 
rectum should be excluded (Figs. 7.11, 7.50). 

Posterior tumor growth leads to infi ltration of the 
presacral space and sacral bone or of the perirectal 
space and rectum. Recurrent cervical cancer is asso-
ciated with rectal infi ltration in about 17% of cases. 
The most common site is the rectosigmoid junction. 
Laterally, recurrent tumor may extend to the pelvic 
sidewall. If the recurrent local tumor grows anterior-
ly along the peritoneal fold, there will be infi ltration 
of the urinary bladder. Advanced recurrent cervical 
cancer may involve the remaining colon or the small 
intestine and is typically associated with adhesion of 
bowel loops and may cause intestinal obstruction.

The second most common site of recurrence is the 
pelvic sidewall, which is the preferred site of nodal 
metastasis (Figs. 7.51, 7.52). An important issue is 
their topographic relationship to the bony pelvis 

Fig. 7.49. Fistula after hysterectomy. A T2w TSE image in sagit-
tal orientation. Following hysterectomy for cervical cancer, a 
fi stula depicted as a high-signal-intensity fl uid-fi lled connec-
tion is seen between the vagina and urinary bladder (arrow). 
There is air in the bladder (open arrow)
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and the iliac vessels because of its implications for 
the surgical technique. In relation to the iliac vessels, 
infra- and peri-iliac metastases are distinguished; in 
relation to the bones, a distinction is made between 
ischiopubic, acetabular, iliosacral, and sacrococcygeal 
metastases. Further progression may lead to destruc-
tion of the bony pelvis.

Pelvic tumor recurrence typically leads to external 
ureteral obstruction through encasement of the ure-
ters and their orifi ces, which manifests as hydroneph-

rosis. Follow-up MRI enables evaluation of both the 
etiology and the site of the obstruction.

Local recurrence after primary radiochemo-
therapy is characterized by the development of a 
new tumor in the cervix or infi ltration of the vagina 
(Fig. 7.53). Alternatively, there may be recurrence in 
the parametria with lateral extension at the level of 
the cervix and vagina [97]. A large recurrent tumor 
with a mass effect within the cervix may obstruct the 
internal os with development of hydrometra or pyo-

Fig. 7.50a–d. Recurrent cervical cancer after hysterectomy. a, b T2w TSE images in sagittal and transverse orientation. c, d T1w TSE 
images in sagittal and transverse orientation 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 indicated by the strong contrast enhancement. Gel fi lling of the vagina

a c

b d
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Fig. 7.51a,b. Recurrent tumor of the pel-
vic sidewall after hysterectomy. A T2w 
TSE image in transverse orientation. At 
the right pelvic sidewall, a solid, hetero-
geneous mass (arrows) is depicted that 
infi ltrates 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 de-
picts an enhancement on the postcon-
trast image and central necrosis

a

b

Fig. 7.52. Recurrent tumor of the pelvic 
sidewall after hysterectomy. T2w TSE 
image in sagittal orientation. A solid, 
heterogeneous mass with irregular mar-
gins (arrows) and infi ltration of muscle 
is seen anterior to the sciatic foramen
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Fig. 7.53a–f. Recurrent cervical cancer after radiochemotherapy. a, b T2w TSE images in sagittal and transverse orientation. Recur-
rent cervical cancer 6 months after primary radiochemotherapy. The high-signal-intensity mass (arrows) is located eccentrically 
on the right side of the cervix. Gel fi lling of the vagina. c, d T1w TSE images with FS in sagittal and transverse orientation showing 
recurrent cervical cancer with slightly higher signal intensity. e, f T1w TSE images with FS in sagittal and transverse orientation 
1 min after administration of Gd-DTPA. MRI depicts a moderate enhancement on the postcontrast image (arrows)

a b
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metra. Alternatively, the cervix can be obstructed by 
radiation-induced stenoses. This is depicted by CT 
and MRI as a symmetrically enlarged uterine corpus 
containing nonenhancing fl uid.

Patients with central pelvic tumor recurrence are 
operated on with curative intention if possible. Cura-
tive pelvic exenteration is more diffi cult when the pelvic 
wall is infi ltrated. Hence, recurrent tumor of the pelvic 
wall is typically treated by radiochemotherapy, which 
can be performed with a curative dose in patients not 
having undergone irradiation before. Local control of 
recurrence in the pelvic wall is poorer and has a more 
unfavorable prognosis than central pelvic recurrence. 
Specifi c surgical procedures and possibly reduced ra-
diotherapy are available for patients having been irra-
diated before. However, these aggressive measures are 
associated with considerable side effects. Lymph node 
metastasis is typically treated by radiotherapy and he-
matogenous distant metastasis by chemotherapy.

7.2.6 
Role of Other Diagnostic Modalities

7.2.6.1 
Ultrasound

While ultrasonography has a role in endometrial can-
cer, it is of little use in detection and staging of cervi-
cal cancer. Ultrasonography does not allow reliable 
demonstration of parametrial infi ltration. But direct 
imaging of cervical cancer in controlling tumor re-
sponse to radiochemotherapy in 3D ultrasound is 
under evaluation. The sonographic evaluation of the 
pelvic and para-aortic lymph nodes is limited due to 
their location at the pelvic wall or retroperitoneally 
and overlying bowel gas [115]. Transrectal ultra-
sound is not widely used [116, 117]. Transabdomi-
nal ultrasound is routinely used in pretherapeutic 
staging, typically to exclude liver metastases and at 
follow-up, above all to exclude ureteral obstruction. 
Ultrasonography is limited by its dependence on the 
examiner and the equipment used and lacks adequate 
documentation and reproducibility of the fi ndings.

7.2.6.2 
PET

There exist no guidelines for the use of FDG PET in 
patients with cervical cancer. Studies investigating the 
use of whole-body FDG PET in cervical cancer demon-
strated its diagnostic usefulness in lymph node staging 

[94], and in demonstrating recurrent tumor [114, 118]. 
Results of FDG-PET in evaluating tumor extent before 
and after therapy show limited usefulness. Nevertheless, 
PET also has diagnostic limitations that include the de-
tection of small lesions or the differentiation of tumor 
from reactive changes. Moreover, the FDG PET fi nd-
ings usually have to be combined with the morphologic 
information provided by MRI or CT. The cost-benefi t 
analysis must take into account the still limited avail-
ability of FDG PET, the duration of the examination 
(20–60 min), and the high cost. Studies in larger patient 
populations aim at identifying suitable indications for 
this modality, as it is not universally applicable.

7.2.7 
Other Malignant Tumors of the Cervix

7.2.7.1 
Metastasis

Most metastases to the cervix are from endometrial 
cancer (Fig. 7.54) (or by tumor infi ltration per con-
tinuitatem), less commonly from other primary tu-
mors of the ovaries, breast, or stomach.

7.2.7.2 
Malignant Melanoma

Between 1% and 3% of malignant melanomas in wom-
en occur in the genital tract, where they typically arise 
in the vaginal mucosa and infi ltrate the uterine cervix. 
Primary cervical melanoma is rare. Melanomas of the 
female genital tract are characterized by a high signal 
intensity on T1-weighted images and a low signal on 
T2-weighted images. The degree of signal shortening 
on T1-weighted images varies with the melanin con-
tent. The signal is further altered by intralesional hem-
orrhages, which are quite common [119–121].

7.2.7.3 
Lymphoma

Malignant lymphoma of the uterus is typically due to 
secondary infi ltration by advanced lymphoma from 
other sites. Primary manifestations in the uterus ac-
count 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 
carcinoma. In most cases, lymphoma can be distin-
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guished by its typically large size and the absence of 
infi ltration of surrounding structures. In a similar 
manner, the uterine corpus will show diffuse infi ltra-
tion and enlargement when there is lymphoma in this 
part of the uterus [122–124].

7.2.8 
Benign Lesions of the Cervix

7.2.8.1 
Nabothian Cyst

Nabothian cysts are retention cysts of the cervical 
glands that develop secondary to chronic cervicitis 
and are often discovered incidentally (Fig. 7.55). Cer-
vicitis is associated with epithelial proliferation 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 intermedi-
ate to higher signal intensity on T1-weighted images 
that refl ects the protein content of the cyst content. 
On T2-weighted images, they have a high signal in-
tensity and are depicted as round to oval lesions with 

a smooth margin [29]. Their differentiation from the 
rare adenoma malignum (well differentiated cervical 
adenocarcinoma with cystic portions) may be diffi cult 
by MRI. The depiction of solid portions surrounding 
or separating the cysts suggests malignancy [28].

7.2.8.2 
Leiomyoma

Fewer than 10% of leiomyomas of the uterus affect 
the cervix [125, 126]. The typical clinical symptoms of 
cervical leiomyoma are infertility and complications 
during pregnancy. The lesions are characterized on 
T2-weighted images by a low signal intensity, a smooth 
contour, and a roundish shape (see Sect. 7.2.7.2).

7.2.8.3 
Polyps

Cervical polyps are the most common benign lesions 
of the cervix. They typically occur in perimenopausal 
women and often cause bleeding between periods. 
They are usually pedicled and range in size from a 
few millimeters to 3 cm. Their pathogenesis is mul-
tifactorial and includes metaplastic processes and 
infl ammatory changes of the cervical glands. Cervi-
cal polyps are diagnosed by hysteroscopy. Imaging 
modalities typically depict them as masses of the 
endocervix [127].

7.2.8.4 
Rare Benign Tumors

The rare benign tumors of the cervix comprise capil-
lary or cavernous hemangioma, lymphangioma, pap-
illary adenofi broma, adenomyoma, fi broadenoma, 
and mesonephric papilloma.

7.2.8.5 
Cervicitis

Cervicitis is caused by the same pathogens as vagin-
itis. These include Trichomonas vaginalis, Candida 
albicans, and Herpes simplex virus. They invade the 
epithelium of the portio and cause infl ammation of 
the ectocervix. In contrast, bacteria such as Neisseria 
gonorrhoeae and Chlamydia trachomatis affect the 
cervical glands and cause mucopurulent endocer-
vicitis. 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 diffi cult to differentiated 

Fig. 7.54. Other tumors of the cervix. T2w TSE image in sagit-
tal orientation. Cervical manifestation (asterik) of endome-
trial cancer (arrow)

∗
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from glandular hyperplasia or adenoma malignum on 
the basis of their MRI appearance alone when clinical 
symptoms are absent [128].

7.2.8.6 
Endometriosis

Cervical endometriosis is rare and, when present, typi-
cally affects the portio or the endocervical canal. The 
solid tissue portions of an endometriosis 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 a high sig-
nal intensity on T1-weighted images. Alternatively, en-

dometriosis of the uterine corpus may protrude into 
the cervical canal as a polypoid mass that is covered 
by endometrial mucosa as the lesion arises from the 
junctional zone of the myometrium.

7.2.8.7 
Ectopic Cervical Pregnancy

The number of cervical pregnancies is increasing as 
more women have abortions. Its rate is 1 per 1,000–
24,000 pregnancies. MRI depicts a cervical pregnancy 
as a cervical mass of heterogeneous signal intensity 
with a low-signal-intensity margin that may not sur-
round the lesion on all sides [129]. It is usually an 
exclusion diagnosis.

Fig. 7.55a,b. Nabothian 
cysts. a T2w TSE image 
in sagittal orientation. 
Cystic lesions in the 
cervical stroma (arrows). 
b H&E-stained speci-
men of the cervix with 
intrastromal cystic le-
sions (arrows). Also seen 
are cervical glands (open 
arrow)

a

b
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8.1 
Ovaries and Fallopian Tubes: 
Normal Findings

8.1.1 
Anatomical Relationships

The female adnexal structures are located in the less-
er pelvis and include the fallopian tubes, the ovaries, 
and ligamentous attachments.

The fallopian tubes are 8- to 15-cm long paired tu-
bular structures at the superior aspect of the broad 
ligament. They extend from the uterus to the ovaries 
and are composed of the intramural portion, the isth-

mus, the ampullary part, and the infundibulum with 
the abdominal ostium. The latter is trumpet shaped, 
opens at the ovarian end into the peritoneal cavity 
and is composed of irregular fi ngerlike extensions, 
the fi mbriae, which overhang the ovary [1]. The in-
fundibulum 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 fal-
lopian tube. A thickening of the muscular wall, the 
isthmic portion extends for 2 cm towards the uterus. 
Within the uterus the 1- to 2-cm long intramural seg-
ment joins the extension of the endometrial cavity, 
the uterotubal junction. At its extrauterine course the 
fallopian tube lies within the two folds of the broad 
ligament [2]. The ovaries are typically located in the 
ovarian fossa close to the lateral pelvic side walls. In 
most women the ovaries can be identifi ed laterally 
and superiorly of the uterine cornua near the bifurca-
tion of the common iliac artery between internal and 
external iliac arteries (Fig. 8.1) [3]. Occasionally, the 
ovaries may be found at atypical sites (Fig. 8.2), e.g., 
adjacent to the uterine corpus, superior 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 [4]. When 
the uterus, however, is retroverted one or both ova-
ries may be found anterior or posterior to the uterus 
(Fig. 8.3) [5]. Furthermore, pregnancy, diseases as-
sociated with uterine enlargement such as fi broids, 
or pelvic masses can displace the ovaries outside the 
lesser pelvis [4].

8.1.2 
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 size, however, varies considerably, depend-
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ing on age, hormonal status, menstrual cycle, and the 
contents of follicular derivatives [6]. The ovaries are 
of ovoid, almond shape with a smooth surface in 
early reproductive age, that becomes more irregular 
thereafter. The ovary is encapsulated by a thin fi brous 
layer, the tunica albuginea. Within the capsule lies the 
ovarian stroma, which consists of fi broblasts, smooth 
muscle cells, arteries, veins, lymphatics, nerves, and 
follicles. Histologically, the ovaries contain three ill 
defi ned zones: the outer cortex, the highly vascu-
lar inner medulla, and the hilum [6]. The cortex is 

predominantly composed of follicles, corpora lutea, 
fi broblasts, and smooth muscle cells.

In childbearing age during each menstrual cy-
cle a number of follicles are stimulated to begin to 
mature, but usually only a single follicle completes 
the process. At mid-cycle the preovulatory domi-
nant follicle can be identifi ed as a thin-walled cyst 
attaining a size of approximately 15–25 mm [7]. 
After formation of the corpus luteum the wall may 
involute and become irregular. Corpus lutea may be 
cystic or involuted and noncystic [3]. Furthermore, 

Fig. 8.1a,b. Ovarian fossa. Transaxial (a) and 
coronal T2-weighted (b) images in a 28-
year-old female. Normal ovaries (arrows) are 
demonstrated in the ovarian fossa, which is 
a shallow peritoneal groove between external 
and internal iliac vessels. The ovaries are of 
ovoid shape and can be well identifi ed due to 
follicles which display very high signal on the 
T2-weighting

a
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Fig. 8.2a–c. Ovarian location in a woman 
of childbearing age. CT scans at the level 
of the uterine corpus (a–c) The right ova-
ry (arrow) is located in the ovarian fossa 
(a). Atypical location of the left ovary 
(arrow) anterior to the uterine corpus 
near the anterior abdominal wall (b). A 
corpus luteum cyst (asterisk) displays at-
tenuation values higher than water and a 
distinct enhancing wall (c)
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Fig. 8.3a,b. Ovarian location in cul-de-sac. Transaxial (a) and parasagittal T2-
weighted (b) images demonstrate the left ovary (arrow) located above the poste-
rior vaginal fornix in the left cul-de-sac. The uterus is retrofl exed, distension of 
the vagina is due to vaginal contrast opacifi cation. Right ovary (long arrow)

a

b
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abundant vascularization may give rise to hemor-
rhage [6]. 

The normal fallopian tube contains a small amount 
of intraluminal fl uid that is dispersed within multiple 
infoldings of the fallopian tube mucosa [3]. These in-
foldings usually prevent visualization of the tube as 
a fl uid-fi lled structure on MRI or CT. In tubal liga-
tion clips allow identifi cation of the fallopian tube. 
(Fig. 8.4). 

8.1.2.1 
Imaging Findings 

Ovaries can be identifi ed on CT and MRI due to their 
location and soft tissue characteristics. The landmark 
of the ovaries are follicular structures which can be 
best identifi ed on T2-weighted MRI [8]. On CT, nor-
mal ovaries can be best identifi ed after bowel contrast 
opacifi cation. They are ovoid soft tissue structures with 
low attenuation areas which represent normal follicles 
(Fig. 8.2). Presence of a dominant follicle ranging more 
than 1 cm in size assists in ovarian identifi cation. He-
morrhagic corpus luteum cysts may be identifi ed by 
high attenuation values or a fl uid-fl uid level [9].

On MRI in the majority of premenopausal women 
(95%) ovaries can be identifi ed by the presence of folli-
cles within the ovary (see Fig. 8.1) [3]. The ovaries are of 
low to intermediate SI on T1. 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 T2-weighted (Fig. 8.5) [8]. 
As the ovarian stroma remains of relatively low signal 

intensity, follicular structures can be well discriminated 
on T2-weighted images. Follicular cysts are of very high 
signal intensity with a discrete thin walled low-signal-
intensity rim and are predominantly located in the 
cortex. The average size of functional ovarian cysts was 
1 cm (range 0.2–4.7 cm) in normal ovaries [8]. In a men-
struating woman not using birth control pills a unilocu-
lar cyst of 2–3 cm in either ovary and other smaller cysts 
is a normal fi nding. 

Corpus luteum cysts have thicker enhancing walls 
than follicle cysts following intravenous contrast ap-
plication (Fig. 8.6). Corpus luteum cysts may contain 
blood with bright signal on T1 and T2 as a sign of 
subacute hemorrhage [8]. Resolution is expected in 
on follow-up after two to three menstrual cycles and 
proves the diagnosis of a functional cyst.

8.1.3 
Normal Peri- and Postmenopausal Ovaries

After menopause the ovaries typically shrink to a size 
of half that in reproductive age [6]. 

Most ovaries display a shrunken gyriform external 
appearance, some may also have a smooth contour 
(Fig. 8.7). The ovarian stroma increases variably in 
volume, and unresolved corpora lutea may be found 
[6]. Follicles may persist for several years after cessa-
tion of menses. They may account for sporadic ovula-
tion, and follicle cyst formation. Follicular activity is 
typically not found after 4–5 years after menopause 
[5]. Mild hyperplasia of the medullary and corti-

Fig. 8.4. Tubal ligation. The left fal-
lopian tube is located at the superior 
margin of the broad ligament and can 
be identifi ed by the clip in CT (arrow). 
Dilated tortuous vascular structures 
along the parametria and the right 
pelvic side wall present pelvic varices. 
Normal left ovary (asterisk)
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Fig. 8.5a,b. Normal zonal anatomy in a premenopausal woman. Transaxial T1-
weighted (a) and transaxial T2-weighted (b) images. Both ovaries display mul-
tiple small follicles in subcortical location which show intermediate signal on 
T1-weighted images and very bright signal on the T2-weighted images. The low 
signal intensity cortex can be differentiated from the central medulla, the signal 
intensity of which resembles the myometrium. There seems to be an overlap be-
tween polycystic ovaries with multiple small peripheral cysts and normal ovaries 
as seen in this case. (Courtesy of Dr. R.N Troiano, New York)
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Fig. 8.6a–c. Functional ovarian cysts. Transaxial T2-weighted (a) 
and contrast enhanced T1-weighted images with fat suppression 
(b,c) at the level of the acetabulum. The normal sized left ovary 
contains two physiologic cysts. The follicle cyst (asterisk) displays 
a thin wall (a) with contrast enhancement (b). The corpus luteum 
cysts shows a thicker wall with distinct peripheral contrast en-
hancement (arrow) (c). The hemorrhagic cyst of the right ovary 
(long arrow) displays low signal intensity on the T2-weighted im-
age (a) which is a typical fi nding of an endometrioma. The fi ndings 
were laparoscopically proven

cal stroma is commonly found in postmenopausal 
women. The clinical fi ndings are secondary to excess 
androgen production of the stroma, and can be as-
sociated with diabetes, obesity, and hypertension [9]. 
Other factors that may increase the ovarian size in 
postmenopausal women include multiparity or hor-
monal replacement therapy [6]. Ovaries may also dis-
play stromal atrophy and become extremely fi brotic 
[6]. Surface epithelium inclusion cysts are a common 
fi nding in postmenopausal ovaries [10] With increas-

ing age ovarian vessels within the stroma may be cal-
cifi ed or become hyaline [6]. 

8.1.3.1 
Imaging Findings 

Postmenopausal ovaries are more diffi cult to recog-
nize than premenopausal ovaries, and especially with 
suboptimal bowel contrast they may be not visible on 
CT [11]. However, tracking down the ovarian vessels 

∗∗∗
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Fig. 8.7a,b. Normal postmenopausal ovary 
with a gyriform contour. T1-weighted (a) 
and T2-weighted  (b) images show a small 
left ovary (arrow) with lobulated margins 
which is found in the ovarian fossa. Zonal 
anatomy with higher signal intensity with-
in the central medulla is demonstrated on 
the T2-weighted image (b)

Fig. 8.8. Postmenopausal ovaries on CT. 
The ovaries (arrows) appear as bandlike 
soft tissue structures and are located be-
tween the iliac vessels and bowel loops. 
Without bowel opacifi cation identifi cation 
of normal postmenopausal ovaries is usu-
ally not possible. Uterus (U) with a calcifi ed 
fi broid of the fundus

a

b
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along the psoas muscle makes it possible to localize the 
ovaries, particularly in postmenopausal women with 
small ovaries [11]. Postmenopausal ovaries appear 
on CT as triangular or bandlike soft tissue structures 
with low or moderate contrast enhancement (Fig. 8.8). 
Identifi cation of small cysts, most commonly inclusion 
cysts, or follicular cysts at the beginning of menopause 
aids in the detection of the ovaries.

On MRI, postmenopausal ovaries can be visual-
ized as oval structures most commonly of uniformly 
intermediate to low signal intensity on T1-weighted 
and T2-weighted images [8]. They can be identifi ed in 
most postmenopausal women despite their small size 
and nonspecifi c characteristics by their location in 
relationship to the uterus. Due to its superior soft tis-
sue contrast, small ovarian cysts are more commonly 
identifi ed than on CT in postmenopausal women. 

8.1.4 
Pelvic Fluid

Small amounts of pelvic fl uid are best identifi ed in 
the cul-de-sac or with increasing volume as tiny fl uid 
pockets outlining bowel loops throughout the pelvis. 
Pelvic free fl uid is a common fi nding throughout the 
menstrual cycle and peaks in the secretory phase [12]. 
Although some fl uid may be related to ovarian cyst 
rupture, it seems that most of the fl uid is not related to 
cyst rupture. Only larger amounts of pelvic fl uid may 
be an important ancillary fi nding to support the diag-
nosis of peritoneal spread in malignancy [13]. Normal 
peritoneum does not enhance after the application of 
iv contrast media. Peritoneal enhancement, however, 
is not specifi c and is found in benign, mostly infl am-
matory and in malignant diseases [14].

8.1.5 
Ovarian Attachments and Vascular Supply 

The broad ligament is formed by two layers of perito-
neum which drape over the uterus and extend later-
ally to the pelvic side walls [15]. Its caudal margin is 
defi ned by the cardinal ligament. The superior free 
margin is formed by the fallopian tube medially and 
the suspensory ligament of the ovary laterally. Be-
tween these peritoneal folds lies the parametrium 
which contains the fallopian tube, round ligament, 
ovarian ligament, uterine and ovarian blood vessels, 
nerves, lymphatics, mesonephric remnants, and the 
parts of the ureter [15]. 

Each ovary is suspended in the peritoneal cav-
ity by three supporting structures: the mesovarium 
which anchors the ovary to the posterior aspect of the 
broad ligament; the ovarian ligament which attaches 
the ovary to the uterine cornu; and the suspensory 
ligament or infundibulopelvic which anchors the 
ovary to the pelvic side wall [6].

The ovarian ligament and suspensory ligament 
are not tight supporting structures but more compa-
rable to a mesentery [4]. The ovarian blood vessels 
and lymphatics course within the peritoneal folds of 
the mesovarium 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 [6].

The suspensory ligament of the ovary is located at 
the superior lateral aspect of the broad ligament [6]. It 
extends from the ovary anterolaterally over the external 
and common iliac vessels and blends with connective 
tissue over the psoas muscle [15]. Ovarian blood ves-
sels and lymphatics traverse the suspensory ligament 
to reach the ovarian hilum along the mesovarium. 

The ovarian ligament is a rounded fi bromuscular 
band extending from the ovary to the uterine cornu 
[6]. Its position varies with that of the ovary. It is lo-
cated immediately posterior and inferior to the fal-
lopian tube and round ligament [15]. The ovarian 
branches of the uterine artery pass through the ovar-
ian ligament and anastomose with branches of ovar-
ian 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 common 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 liga-
ment near the mesovarian border [4]. It forms mul-
tiple branches that reach the ovarian hilum via the 
mesovarium. It has a tortuous course that is most 
pronounced 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 ovarian vein, and the 
inferior vena cava on the right side.

The ovarian lymphatics ascend with the ovarian 
vessels along the psoas muscle and drain almost ex-
clusively into the para-aortal lymph nodes at the level 
of the lower pole of the kidneys. In some patients, ac-
cessory channels pass the broad ligament and drain 
into the internal and common iliac and interaortic 
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lymph nodes, or course along the round ligament to 
the external iliac and inguinal lymph nodes [6]. In 
the fallopian tube, additional lymphatic channels to 
presacral nodes, and occasionally from the ampulla, 
to gluteal nodes may exist [6].

8.1.5.1 
Identifying the Ligaments on Imaging

The broad ligament and mesovarium are usually not 
discernible on cross-sectional imaging unless they 
are surrounded by large amounts of ascites. Its po-
sition, however, can be identifi ed by the structures 
it contains [15]. In ascites, the ovaries can be seen 
suspended from the posterior surface of the broad 
ligament (Fig. 8.9) [4]. The ovarian ligament may oc-
casionally be visualized as a short and narrow soft 
tissue band extending between the uterus and ovary 
(Fig. 8.10).

In the retroperitoneum at the level of the inferior 
renal pole the ovarian artery and vein can be identi-
fi ed along the psoas muscle medial to the ureter. The 
artery is the smaller vessel and is located medial to the 
vein. The ovarian artery is smaller and less constantly 
conspicuous on CT or MRI. They cross obliquely an-
terior to the ureter at the middle to the lower lumbar 
region and are located laterally to the ureter in the 
lower abdomen and pelvis (Fig. 8.11). 

Tracking these vessels continuously downwards 
from the retroperitoneum to the pelvis, leads to the 
suspensory ovarian ligament [11]. The latter is an ex-
cellent landmark for localizing the ovary (Fig. 8.11). 
It is a short, narrow fan-shaped soft tissue band that 
widens as it approaches the ovary. Sometimes it can 
also be identifi ed as a linear band that is thicker than 
the ovarian vein. Due to its vascular landmarks it is 
more commonly identifi able than the other ovarian 
ligaments [4].

Fig. 8.9a,b. Broad ligament and ovary on 
CT. In a patient with free fl uid the ovaries 
(asterisk) can be visualized posterolater-
ally of the broad ligament. The left round 
ligament (arrowhead) 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 liga-
ment attaches to the anterior margin of the 
left ovary. It transmits the ovarian artery 
and vein (long arrow) and is contiguous to 
the mesovarium (a,b)
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8.2 
Developmental Anomalies

Developmental anomalies of the ovaries are very 
rare. Although ovaries have a different developmen-
tal origin from uterus and fallopian tubes, ovarian 
anomalies are signifi cantly more often associated 
with congenital uterine anomalies (22%), particu-
larly with unicornuate uterus [16]. Uterus and fallo-
pian tubes develop from the paramesonephric ducts. 
Defects of the paramesonephric tubes result not only 
in abnormalities of the uterus but also of the fallopian 
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 
Wolffi an body. The ovaries descend during the 3rd 
month of fetal life with the ovaries located at the level 
of the iliac crest by the third month of life. They take 
their place in the ovarian fossa at the end of the fi rst 
year of life [1]. Ovarian migration is guided by the 
gubernaculum which connects the lower pole of the 
gonad and attaches to the uterus, forming the ovarian 
and round ligaments of the uterus [17].

8.2.1 
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 bilat-
eral streak gonads which carry a risk of malignancy 
(Fig. 8.12) [6]. Congenital unilateral agenesis of an 
ovary in a normal female is extremely rare and usual-
ly asymptomatic. It presents more likely as the result 
of torsion with atrophy, particularly in the prenatal 
period. It may be accompanied by ipsilateral renal or 
ureteric agenesis and/or malformation of the ipsilat-
eral fallopian tube [18].

Accessory or supernumerary ovaries are extreme-
ly rare, and may also be associated with other con-
genital genitourinary abnormalities. An accessory 
ovary contains ovarian tissue, and is usually located 
in the vicinity of a normal ovary [6]. Supernumer-
ary ovaries are not attached to the ovary, but may be 
found at various sites within and outside the pelvis. 
In most cases, they are smaller than 1 cm in size [19]. 
The ectopic ovarian tissue possesses the functional 
as well as the pathological potential of normal ova-

ries and may give rise to primary carcinoma of the 
peritoneum [20].

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 present 
more likely a sequelae of torsion or an infl ammatory 
process. Tubes may be partially atretic or hypoplas-
tic and associated with uterine abnormalities such 
as rudimentary uterine horn or bicornuate uterus. 
In infertility patients exposed to diethylstilbestrol, 
short sacculated or dilated fallopian tubes have been 
reported [21].

8.2.2 
Ovarian Maldescent

Ovarian maldescent has an incidence of 0.2%–0.5% 
[22]. It may occur uni- or bilaterally and can be asso-
ciated with Müllerian malformations [6]. In ovarian 
maldescent, ovaries may be found in an ectopic po-
sition along its migration pathway from the lumbar 
region to the ovarian fossa (Fig. 8.13). Rarely, ovaries 

Fig. 8.10. Ovarian ligament on MRI. The right ovarian liga-
ment is identifi ed as a short band extending between uterus 
and ovary (arrow). The thickening of the endometrium is 
caused by endometrial cancer. A small amount of physiologic 
pelvic fl uid is noted
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Fig. 8.11a–d. Ovarian vessels in the retroperitoneum and suspensory 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 continuous with the suspensory ligament, which 
is identifi ed near the external iliac vessels (c). It demonstrates a wedging as it approaches the ovary. The latter can be identifi ed 
by multiple small cystic follicles (d). Follicle cyst in the right ovary (asterisk). U, uterus

Fig. 8.12. Ovarian dysgenesis in testicular femi-
nization. In a phenotypical 55-year-old woman 
no uterus can be identifi ed. A soft tissue attenu-
ation mass (asterisk) near the internal inguinal 
ring presents a left streak gonad. Histologically 
proven
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Fig. 8.13a,b. High position of the left 
ovary. Transaxial T2-weighted image in 
the mid pelvis (a) and upper pelvis (b). 
In a patient without history of previous 
surgeries or birth, normal position of the 
right ovary (arrow) (a) and atypical high 
position of the left ovary (arrow) at the 
level of S1 at the medial contour of the 
psoas muscle (P) is demonstrated (b)

Fig. 8.14. Atypical anterior location of 
the left ovary. CT shows atypical ante-
rior position of the left ovary (arrow) 
in a patient who had undergone a se-
ries of previous surgeries and suffered 
from chronic pelvic pain. The ovary can 
be identifi ed due to the follicles which 
changed in size during follow-up. At 
surgery extensive adhesions of the ovary 
and anterior abdominal wall and pelvic 
side wall were found
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may descend too far down as far as the inguinal canal 
[1]. 

The paracolic gutters present a common loca-
tion of ovarian maldescent above the pelvic brim. 
After pregnancy the ovaries may be hindered from 
returning to their original position due to adhesions. 
Furthermore, an ectopic ovarian position may be as-
sociated with adhesions, infl ammation, and surgery, 
or result from abnormal ovarian mobility due to 
elongation of the broad ligaments [4] (Fig. 8.14). 

8.2.2.1 
Imaging Findings

In women of childbearing age, ovaries in atypical 
positions can be identifi ed on CT and MRI in the 
majority of patients due to the typical morphology 
of follicles. MRI is superior to CT for diagnosing mal-
descended or ectopic ovaries due to their excellent 
visualization on T2-weighted images. Bowel contrast 
opacifi cation will facilitate identifi cation of ovaries 
in atypical positions. 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.

Differential diagnosis: differential diagnosis of an 
unilateral missing ovary includes ectopic ovary and 
atrophy resulting from adnexal torsion. 

8.3 
Surgically Transposed Ovaries

In young women, surgical transposition of the ovaries is 
performed before therapeutic irradiation of the pelvis. 
The ovaries are surgically removed out of the radiation 
fi eld with the purpose of preserving their function. 

The procedure includes mobilization of the ovaries 
together with the suspensory ligaments and their vas-
cular pedicles [23]. They are most commonly reposi-
tioned laterally to the lower paracolic gutters close to 
the iliac fossa. Another site of transposition is the pos-
terior intraperitoneal space in the upper pelvis lateral 
or anterolateral to the psoas muscle [24]. Lateral trans-
position is performed in patients with cervical cancer, 
vaginal cancer, pelvic sarcoma, and Hodgkin disease. 
Midline transposition can be performed in Hodgkin 
disease and the ovaries may be attached to the surface 
of the uterus [23]. Surgical clips are typically affi xed to 
each ovary to mark its location.

8.3.1 
Imaging Findings

Transposed ovaries can be identifi ed by their char-
acteristic morphologic features of follicles. Metallic 

Fig. 8.15a,b. Surgical transposition. Transaxial CT after transposition of the ovary (a) and after radiation therapy (b). During 
endoscopic transposition the left ovary was marked by a clip (arrow). In the follow-up the cystic and solid lesion presents the 
normal transposed ovary which undergoes cyclic changes. Without the clip (arrow) it may easily be misdiagnosed as a tumor. 
Ascites is a sequelae of radiation
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clips help to identify the ovaries on CT (Fig. 8.15) 
[24]. Furthermore, following the ovarian vessels 
downwards from the mid lumbar region aids in iden-
tifying the ovaries [11]. Ovarian vessels in lateral 
transposition deviate laterally near the iliac fossa in-
stead of coursing inferiorly [4]. Transposed ovaries 
undergo the typical features of follicular maturation 
and may be followed in equivocal cases. Identifi cation 
of featureless and small postmenopausal ovaries is 
possible due to the surgical clips, but it may be dif-
fi cult or impossible on MRI.

Differential diagnosis: Familiarity with history of 
ovarian transposition is crucial to establish the cor-
rect diagnosis. The differential diagnosis includes 
mucocele of appendix, peritoneal implants, colonic 
masses, lymphoceles, and lymph node metastases.
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9.1 
Introduction

Thorough pretreatment assessment by cross-section-
al imaging plays a pivotal role in the management of 
suspected adnexal masses. It guides the surgeon to 
anticipate malignancy before starting surgery and 
aids in planning the adequate therapeutic approach. 
In this context, in benign ovarian lesions laparos-
copy has been widely replacing open surgery. This 
is why pretreatment knowledge of imaging fi ndings 
in various ovarian lesions is of utmost importance. 
Although a defi nite histopathologic diagnosis is not 
possible in the majority of cases, predicting the like-
lihood of malignancy is crucial for proper patient 
management [1].

In the assessment of adnexal masses the following 
parameters should be addressed by imaging: (a) de-
fi ning the exact origin of the mass, (b) if the lesion is 
ovarian to defi ne if it is a physiologic or neoplastic 
fi nding, and (c) when surgery is warranted for a neo-
plastic lesion, imaging fi ndings concerning the risk 
of malignancy may assist the surgeon in deciding be-
tween laparoscopy or laparotomy [2]. 

9.2 
Technical Recommendations for 
Ovarian Lesion Characterization 

MRI of the female pelvis is performed after 5 h of 
fasting and with prior intramuscular injection of per-
istaltic 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. The coil ideally covers the region 
from the symphysis pubis up to the renal hilum. De-
pending on the woman’s height, upper coverage may 
be lower and require secondary adjustment of the 
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coil if hydronephrosis or retroperitoneal lymphade-
nopathy is suspected. 

Ovarian cyst characterization requires good ana-
tomical coverage of the entire ovarian cyst and the 
uterus to be able to confi rm the ovarian vs uterine 
origin of the mass. 

The imaging protocol implies the use of both 
T2- and T1-weighted sequences. High-resolution 
fast spin echo T2-weighted images are mandatory 
to confi rm the anatomical origin and clearly iden-
tify the ovarian nature of the mass. Further tissue 
characterization takes into account signal intensity 
at three subsequent T1-weighted sequences in the 
following order: native, fat-suppressed, and after 
intravenous injection of gadolinium. The latter con-
trast-enhanced sequence is mandatory to exclude 
malignancy. Identical slice orientation allows exact 
comparison of all T1-weighted sequences. Table 9.1 
demonstrates differences in signal intensity accord-
ing to the histological type of the most frequent 
ovarian neoplasm. 

Table 9.1. Signal intensity of benign ovarian masses on MRI of 
the pelvis according to sequences and histological lesion type

Signal intensity

Histology of 
ovarian 
neoplasm

T2 Native T1 Fat-sup-
pressed T1

Serous 
cystadenoma

High Low Low

Mucinous 
cystadenoma

High Intermediate Intermediate

Mature cystic 
teratoma

Intermediate High Low

Endometrioma High High High

Fibroma Low-inter-
mediate

Intermediate Intermediate

Turbo spin echo (TSE) sequences are the sequences 
of choice due to their excellent image resolution. Imag-
ing parameters include a fi eld of view of 200–300 mm 
with a matrix of 512×256, slice thickness between 4 
and 5 mm, and a number of signal acquisitions be-
tween two and four. T2-weighted fast spin echo (FSE) 
sequences use a TR/TE around 4,000/90 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) have been tested in 60 female pelvis ex-

aminations and compared to conventional and high-
resolution turbo spin echo sequences [3]. A HASTE 
sequence is applied with a TR/effective TE/echotrain 
of infi nity/90/64 and a 128×256 matrix. HASTE pro-
vided clearer visualization of large leiomyomas and 
ovarian tumors but slightly poorer visualization of 
uterine cancer compared to high-resolution turbo 
spin echo sequences. One of the advantages was 
greater time effi cacy without motion and chemical 
shift artifacts. Lesion conspicuity was better with 
HASTE than with conventional TSE imaging (matrix, 
128×256) but lower than with high-resolution TSE 
(matrix, 300×512). Because of limited image resolu-
tion, the HASTE sequence should be used when the 
high-resolution TSE imaging is suboptimal or to 
provide additional imaging planes as a complement 
to high-resolution TSE. T2-weighted echo planar se-
quences (EPI) were not successful in the female pel-
vis compared to fast spin echo sequences. The study 
showed inferior uterine zonal anatomy and ovarian 
visualization in 44 (56%) of 78 and 18 (33%) of 54 
cases, respectively [4]. Ovarian cystic lesions were re-
vealed more precisely by the fast spin-echo sequence 
than by the EPI sequence. When T1-weighted se-
quences were compared in a pelvic and abdominal 
MRI study including 70 patients, the EPI T1 sequence 
allowed a 40% reduction in acquisition time without 
difference in the diagnostic performance of three re-
viewers [5]. 

To allow the distinction of an ovarian vs uterine 
origin of a mass, dynamic contrast injection might 
be helpful to better delineate the early enhancing 
normal myometrium [6]. This type of sequence is ac-
quired once before and three times after IV contrast 
injection and corresponds to a 2D TSE sequence with 
18 slices of 4 mm at a FOV of 300 mm, a matrix of 
202×512, a TSE factor of 5, a TR/TE of 550/14 with 
two numbers of signal acquisition and a total acquisi-
tion time of 6 min.

For ovarian lesion characterization, intravenous 
contrast injection has been shown to be mandatory 
because of its ability to identify solid intracystic por-
tions such as papillary projections, necrosis within a 
solid mass, septation or wall thickening Fig. 9.1 [7]. 
The multivariate logistic regression analysis also 
demonstrated different predictive values to identify 
malignancy according to the MRI signs. The highest 
odds ratio for malignancy was found for “necrosis in 
a solid lesion,” with an odds ration of 107, followed by 
the sign “vegetation in a cyst” with an odds ratio of 
40. Identifi cation of enhancement within a T1-hyper-
intense cyst might require a subtraction technique 
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(contrast-enhanced fat-suppressed T1-weighted se-
quence minus native fat-suppressed T1-weighted se-
quence) to demonstrate the enhancing solid portion 
within a hyperintense endometrioma. This sign has 
recently been reported to be highly suggestive of as-
sociated ovarian carcinoma [8]. Careful inspection 
and comparison of T2- and T1-weighted images help 
identify this possibility. The number of T2-weighted 
acquisitions depends on imaging time but should 
cover at least two orthogonal imaging planes and 
ideally represent all three imaging planes to allow the 
choice of the best anatomical slice orientation for the 
three T1-weighted sequences. 

Because of its inferior soft tissue contrast com-
pared to MRI, CT is not the imaging modality of 
choice for further characterization of adnexal le-
sions detected at sonography. In contrast, for staging 
of suspected ovarian cancer it remains the primary 
imaging modality. Other indications for CT include 
contraindications for MRI, assessment of acute pelvic 
pain and to rule out complications of pelvic infl am-
matory disease. Due to its wide clinical use, however, 
many adnexal lesions are encountered by CT exami-
nations. The use of bowel opacifi cation is generally 
recommended in the assessment of adnexal lesions. 
It is crucial in the differentiation of fl uid fi lled-bowel 
and cystic adnexal lesions and improves the identifi -
cation of peritoneal seeding. Furthermore, especially 
in thin patients and in postmenopausal age, detection 
of normal ovaries is often only possible with bowel 
opacifi cation. For this purpose, 1,000 ml of diluted 
contrast media or alternatively water are adminis-
tered 1 h prior to the CT study. Rectal opacifi cation 
is also helpful, especially if the oral contrast was not 
given early enough. Intravenous contrast opacifi ca-
tion is pivotal for assessing adnexal lesions. It allows 
better characterization of the internal architecture 
and differentiation of pelvic vascular structures, in-
cluding depiction of the ovarian vascular pedicle. In 
most cases, a venous phase enables best depiction 
of intralesional structures, as solid enhancing com-
ponents and papillary projections may be missed in 
an early phase. A dual phase protocol, however, con-
sisting of an arterial and venous phase may aid in 
improved assessment of the local extent or the ana-
tomical relationships of an adnexal lesion. If a der-
moid is suspected sonographically, a study without 
i.v. contrast media may be suffi cient. However, torsion 
can only be assessed after contrast media application. 
In cases of large endometriomas a noncontrast study 
may also be helpful to differentiate hemorrhage from 
enhancing solid areas. 

9.3 
Defi ning the Origin of a Pelvic Mass: Adnexal 
Versus Extra-adnexal Versus Extraperitoneal

Defi ning the correct origin is the fi rst diagnostic 
step in defi ning treatment of a suspected adnexal 
mass. Depending on the site of origin the differential 
diagnoses and treatment options often differ com-
pletely. 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 anatomi-
cal structures can assist in their differentiation [9]. 
These parameters include visualization of ovarian 
structures, the type of contour deformity at the in-
terface 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 ipsilateral 
ovary indicates its nonovarian origin (Fig. 9.2). How-
ever, especially in large pelvic lesions, the ovary may 
often be obscured or totally invaded by the mass [10]. 
Especially in smaller lesions when the ovary is not 
completely obscured, identifying ovarian structures, 
usually ovarian follicles, indicate its ovarian origin 
(Fig. 9.3). Furthermore, for this purpose analyzing 
specifi c signs such as the beak sign, and the embed-
ded organ sign can aid in better defi ning its relation-
ship 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. 9.3). In contrast, dull edges at the 
interface with the adjacent ovary suggest that the tu-
mor compresses the ovary but does not arise from 
it [9]. 

Large ovarian masses typically displace the ure-
ter posteriorly or posterolaterally. The same dis-
placement pattern, however, can be caused by other 
intraperitoneal lesions, such as the bladder, and 
masses arising form the uterus or bowel [11]. The 
iliac vessels are typically displaced laterally by an 
adnexal lesion. In contrast, medial displacement of 
the iliac vessels is typical for extraovarian masses, 
originating from the pelvic wall or in lymphadenop-
athy (Fig. 9.4). The origin of a mass may be further 
elucidated by tracking the vascular pedicle or the 
ovarian suspensory ligament [9]. The presence of 
ovarian vessels leading to or emerging from an ad-
nexal mass was identifi ed in 92% of ovarian lesions 
on helical CT [12]. Defi ning the ovarian vascular 
pedicle allows the differentiation from lesions mim-
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Fig. 9.1a–e. A 39-year-old woman presenting with a right adnexal 
mass appearing before 8 months and a sonographic diagnosis of 
atypical endometriosis. MRI is performed at day 10 of the men-
strual cycle 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 photography (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 
a hypointense content without any hemorrhagic portion excluding 

a b

c d

b

▷▷
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Fig. 9.2a,b. Nonovarian cystic tumor. Transaxial (a) and coronal T2-weighted images 
(b) in a 14-year-old girl in whom sonography, to rule out an abscess after appendec-
tomy, found a multicystic ovarian lesion. A large bilateral multiseptate lesion extend-
ing above the umbilical level is demonstrated in both planes. Identifi cation of normal 
ovaries (arrows) allows exclusion of an ovarian origin of the lesion. Histopathology 
of the surgical specimen diagnosed a chyloma

a

b

the diagnosis of endometrioma. Sagittal T2-weighted image through the heteroge-
neous part of the cyst shows a hypointense solid portion (arrow) with converging 
thin septa of the cyst, possibly suggesting normal ovarian parenchyma (c). Contrast 
enhancement of the ovarian parenchyma and a slightly irregular interface between 
the cystic content and the wall of the cyst (arrowheads) is demonstrated in d. MRI 
diagnosed prospectively a benign multilocular tumor of the ovary without argu-
ments for endometriosis. Gross specimen photography (e) of the right ovary shows 
a multilocular cyst with tiny papillary projections within the wall of the posterior 
loculation (arrowheads) and a white fi brous portion. Microscopic analysis diagnosed 
a benign serous cystadenofi broma of the ovary
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icking ovarian tumors, such as subserosal uterine 
leiomyoma. Furthermore, in the majority of leiomy-
oma cases, a vascular bridging sign at the interface 
between uterus and leiomyoma can be observed, 
which is not the case in ovarian lesions (Fig. 9.5) 
[13]. 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 [8]. However, incomplete septa emerging from 
the wall of a cystic adnexal mass indicate the fallo-
pian origin of the mass (Fig. 9.6) [14]. 

9.4 
Characterizing Ovarian Lesions

9.4.1 
Diff erentiation Between Benign and 
Malignant Ovarian Lesions

Discrimination between benign and malignant ovarian 
tumors in patients who present with an adnexal mass is 
important for several reasons. It may directly affect the 
surgical decisions, including the adequate therapeutic 

Fig. 9.3. Beak sign. Transaxial T2-
weighted images shows a mass in the 
left cul-de-sac (asterisk). Its ovarian 
origin can be clearly identifi ed due to 
multiple follicles (arrow). The interface 
to the ovarian tissue is characterized 
by a sharp angulation, which is typi-
cal for the beak sign. A small amount 
of free fl uid in the cul-de-sac as seen in 
this patient is a physiological fi nding in 
premenopausal age and peaks in the se-
cretory phase

Fig. 9.4. 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 dis-
placement pattern of the iliac vessels, 
however, is typical for an origin from 
the pelvic sidewalls. The lesions pres-
ent bilateral bursitis iliopectinea in a 
patient with rheumatoid arthritis
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approach, surgical technique, and need of subspeciality 
cooperation. Furthermore, in times where endoscopic 
surgery has become very popular, thorough pretreat-
ment evaluation should diminish the possibility of en-
countering an unexpected ovarian cancer [15]. 

The most commonly used criteria for differentia-
tion between benign and malignant adnexal lesions 
do not differ between US, CT, and MRI. They include 
size, internal architecture of the mass, and assessment 
of additional signs suggestive of an invasive nature of 
the lesion, such as presence of lymphadenopathy and 
peritoneal implants, or ascites. Especially in sonogra-
phy, more complex tests with multiparameter scoring 
systems, the combination of ultrasonographic charac-
terization and Doppler fi ndings and/or tumor mark-
ers have been suggested to improve performance [16, 
17]. A multivariate analysis reported optimal lesion 
characterization when a combination of morpho-
logic sonographic and color Doppler information is 
used (Fig. 9.7) [18]. Tumor size, wall thickness, and 
internal architecture, including the presence of septa-
tions, calcifi cations, papillary projections, and cystic 
and solid internal structures, have been established 
as diagnostic criteria for tumor characterization in 
all imaging modalities. At ultrasound, the presence 
of solid internal structures usually implies the use of 

Fig. 9.5a,b. Ovarian vs extraovarian mass. Sagittal T2-weighted images images demonstrate solid lesions adjacent to the uterus 
in two women of reproductive age. In ovarian fi broid (a), the uterus can be separated from the ovarian mass (arrowhead). 
Ascites is found in the cul-de sac and surrounding the ovarian fi broid (a). A subserosal uterine fi broid (b) can be differentiated 
from an ovarian mass by demonstration of multiple bridging vessels. The latter (arrows) are found at the interface between the 
lesion and the myometrium

a b

Fig. 9.6. Incomplete septations. Parasagittal T2-weighted im-
ages of a left adnexal mass. Incomplete interdigitating septa 
(arrows) are typical fi ndings of a hydrosalpinx arising from 
the uterus. Widening of the fallopian tube to a diameter of 
4 cm at the fi mbriated end is seen
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color Doppler ultrasound to identify the presence of 
intratumoral vessels indicative of solid tissue [19]. 
False-positive fi ndings at ultrasound are possible 
using this specifi c diagnostic criteria because of the 
presence of vessels in solid structures in a wall thick-
ening of a dermoid cyst, also called dermoid plug, 
which may contain tissue components of all three 
embryonic layers such as bone, lung, and skin tis-
sue components [20]. Recognition of associated fat 
within the adnexal mass eases diagnosis of mature 
cystic teratoma. A second benign ovarian mass with 
solid tissue corresponds to ovarian fi bromas and fi -
brothecomas characterized by mainly homogeneous 
solid tissue with a few small vessels and no or few 
associated cystic components (Fig. 9.8) [21]. 

At ultrasound, teratomas typically present as 
echogenic masses with acoustic shadowing due to 
hairballs or calcifi cations such as teeth or bone in 
the Rokitansky protuberance (Fig. 9.9) [22]. Layered 
lines and dots, the fat–fl uid level, and isolated bright 
echogenic foci with acoustic shadowing are charac-
teristic sonographic fi ndings of dermoid cysts [23]. 
The majority of dermoid cysts can be reliably diag-
nosed by CT and MRI by the presence of intralesional 
fat. Endometriomas at ultrasound demonstrate dif-
fuse low-level internal echos with hyperechoic foci 

in the wall of a multilocular cyst [24]. The positive 
predictive value of sonography to predict endome-
triosis was evaluated at 75% when criteria such as 
diffuse low-level internal echos and absent neoplas-
tic features were used. The use of color Doppler im-
ages helps to show absent fl ow within the sometimes 
heterogeneous cystic content. The presence of hyper-
echoic foci alone at the surface of the ovary is not a 
sign for endometriosis [25]. 

When CT and MRI are used, characteristics of ma-
lignancy can be best assessed in combination with 
contrast-enhanced studies [7, 26]. 

For all other ovarian lesions, features suggesting 
that a lesion is benign include lesion size less than 
4 cm, entirely cystic architecture, wall thickness less 
than 3 mm, lack of internal structures, lack of ascites, 
and lack of peritoneal disease or lymphadenopathy. 
Using these criteria, MRI has been shown to have a 
91%–95% accuracy for differentiating benign from 
malignant adnexal tumors [7, 27, 28]. Particularly the 
presence of papillary projections within an ovarian 
lesion should raise the suspicion of malignancy [19]. 
The presence of necrosis within a solid portion of an 
ovarian mass was most predictive of malignancy in a 
multivariate logistic regression analysis in a popula-
tion of patients with complex sonographic adnexal 

Fig. 9.7. Endometrioma with absent fl ow. A 34-year-old patient with chronic perimenstrual left 
pelvic pain. Sagittal transvaginal color Doppler sonographic image of the left ovary at day 10 of the 
menstrual cycle demonstrates a heterogeneous mass (between calipers) with two layers of internal 
low level echos, a wall calcifi cation (arrow) and absent intracystic color Doppler fl ow. Pathology 
of the ovarian cyst diagnosed endometrioma
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Fig. 9.8a–c. Fibroid on US: 
a 40-year-old patient with 
a right adnexal mass at 
physical routine examina-
tion by the gynecologist. 
Transvaginal US in axial, 
axial oblique (a), and 
sagittal oblique (b) plane. 
A 36-mm circumscribed 
heterogeneous oval mass 
(arrow) is demonstrated 
close to the right exter-
nal iliac vessels (a) A 
more oblique orienta-
tion identifi es a separate 
normal-appearing right 
ovary (arrow) close to 
the uterus (star, b). Color 
Doppler image (c) shows 
both the right ovary with 
parenchymal ovarian 
vessels (arrow) and the 
adjacent solid mass with 
tiny vessels (arrowheads). 
No vascular communica-
tion is seen between the 
ovary and the right-sided 
solid mass. Subsequent 
surgery and pathology 
confi rmed leiomatoma of 
the right large ligament

a

c

b
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Fig. 9.9a–c. Dermoid on transvagi-
nal sonography. Axial transabdomi-
nal US (a), transvaginal sagittal 
US (b), color Doppler US (c) in a 
40-year-old woman with incidental 
left adnexal mass during ultrasound 
for intrauterine device change. Axial 
transabdominal ultrasound (a) of 
the pelvis demonstrates a left ad-
nexal mass posterior to the uterus 
containing an intrauterine device. 
The left adnexal mass is isoechoic 
to the myometrium and contains a 
hyperechoic peripheral portion with 
posterior attenuation, suggesting 
calcifi cation. The transvaginal sagit-
tal image of the mass (b) shows an 
ovally shaped, well-circumscribed 
mass with hyperechoic content and 
wall-simulating bowel. The color 
Doppler transvaginal image (c) 
demonstrates utero-ovarian vessels 
providing blood fl ow to the com-
pressed triangular ovarian paren-
chyma indicated by calipers at one 
pole of the mass. The cystic content 
of the heterogeneous hyperechoic 
ovarian mass is confi rmed by absent 
intracystic color fl ow. Subsequent 
laparoscopy confi rmed mature 
cystic teratoma

a

b

c
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masses undergoing MRI for lesion characterization. 
“Necrosis in a solid lesion” (odds ratio, 107) was fol-
lowed by “vegetations in a cystic lesion” (odds ratio, 
40) identifi ed after intravenous injection of gadolini-
um-based contrast material (Fig. 9.10). Interobserver 
(K, 0.79–0.85) and intraobserver (K, 0.84–0.86) agree-
ment were excellent [7]. 

Calcifi cations can be easily detected in CT, whereas 
they are diffi cult to appreciate on MRI. Calcifi cations 
within the wall or the dermoid plug are a typical fi nding 
in dermoid cysts. Dense calcifi cations are often found 
in benign stromal tumors in middle-aged women. 
Psammoma bodies found at histologic examination in 
up to 30% of malignant serous tumors present a subtle 
fi nding on CT with tiny amorphic calcifi cations [29].

The malignancy rate in completely cystic masses 
in postmenopausal women is extremely low (less 
than 1%–2%) (Fig. 9.11) [30]. The probability of ma-
lignancy is related to lesion size. Goldstein et al. did 
not fi nd cancers in cystic lesions less than 5 cm in size 
in postmenopausal women, and Rulin and Preston 
found in 150 ovarian masses in the same age group 
to be cancers in only 3%, when the size was less than 
5 cm, and they were cancers in 11% of lesions with a 
diameter between 5 and 10 cm; however, 63% of le-
sions larger than 10 cm were malignant [31, 32].

Ascites alone is nonspecifi c with small amounts 
of pelvic fl uid typically detected in the cul-de-sac 
(Fig. 9.3). Only larger amounts of pelvic fl uid may be 

an important ancillary fi nding to support the diagno-
sis of peritoneal spread in malignancy. Peritoneal en-
hancement is a pathologic fi nding, but is not specifi c 
and is associated with benign and malignant diseases 
[33]. Absence of ascites in the cul-de-sac in cases of 
ascites throughout the pelvis or abdomen has been 
described as a sign of malignancy [34]. 

The probability of malignancy is also related to 
the patient’s age. In girls less than 9 years of age, 80% 
of ovarian masses are malignant, with the majority 
consisting of germ cell tumors. In women of repro-
ductive age, the overall chance that an ovarian tumor 
will be malignant is 1 in 15 compared to 1 in 3 by 
45 years of age [35].

9.4.2 
Functioning Ovarian Tumors 

Clinical and imaging fi ndings may lead to the diag-
nosis of a functioning ovarian tumor.

The imaging fi ndings comprise an ovarian mass, 
but also indirect fi ndings as abnormalities of the 
uterus with uterine enlargement, a thickened en-
dometrium in pre- and postmenopausal women, 
abnormal bleeding, features of virilization or endo-
crinologic symptoms [36]. 

Sex cord stromal tumors account for the majority 
of functioning ovarian tumors. These benign masses 

Fig. 9.10a,b. Vegetation within a cyst. Coronal T2-weighted images (a) and contrast-enhanced T1-weighted images with FS (b). 
In a 3.5-cm ovarian cyst, a mural nodule of 10 mm with low signal intensity on T2-weighted images (a) and contrast enhance-
ment (b) is demonstrated. This fi nding should warrant the suspicion of malignancy, especially a borderline tumor as in this 
patient. Papillary projections in cystadenomas tend to be smaller

ba



208 R. Forstner and K. Kinkel

as well as neoplasms of low malignant potential ac-
count for the majority of estrogen-producing tumors. 
Granulosa cell tumors and the benign thecomas 
are the most common estrogen-producing tumors 
(Fig. 9.12). Some mucinous cystadenomas, and rarely 
ovarian cancer and metastases may also produce es-
trogens [37]. In the majority of women of reproduc-
tive age, virilization is associated with the benign 
disorder polycystic ovaries disease (PCOS). Viriliz-
ing ovarian tumors are rare, typically solid ovarian 
tumors [38]. 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. Further-

more, rarely granulosa cell tumors, Brenner tumors, 
and fi brothecomas may also have virilizing effects. 

In addition to the sex-cord stromal tumors, a va-
riety of other benign and primary and metastatic 
malignant ovarian tumors may have a functioning 
stroma with estrogenic or androgenic production. 
However, these elevations will remain commonly 
subclinical. These tumors include mucinous tumors, 
rarely endometrioid carcinoma, malignant germ cell 
tumors, and mucinous metastatic carcinomas [37]. 

Thyroid hormones are typically produced in 
struma ovarii and struma carcinoids of the ovary in 
subclinical levels. Hyperthyreosis seems to be present 
in only 25%, and thyrotoxicosis occurs in only 5% of 
patients with struma ovarii (Fig. 9.13) [37]. Primary 

Fig. 9.11a,b. Large cystic adnexal lesion in a 55-year-old woman. Transaxial T2-weighted images (a) and T1-weighted images 
with fat saturation (b) show a unilocular right adnexal cyst. It displaces the uterus and the adjacent sigmoid colon. Imaging 
criteria include no evidence of malignancy. Due to postmenopausal age and the increase in size, surgery was performed. The 
histopathological diagnosis was serous cystadenoma

Fig. 9.12. Granulosa cell tumor. A 52-
year-old female with a history of hys-
terectomy and unilateral oophorectomy 
for granulosa cell tumors several years 
before. A solid and cystic pelvic tumor 
with irregular margins displacing bow-
el loops is seen at the acetabular level. 
From imaging, it cannot be differenti-
ated from an ovarian cancer

a
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carcinoids of the ovary are rarely associated with 
carcinoid syndrome. Metastatic carcinoids involving 
the ovary, however, are associated with carcinoid syn-
drome in 50% of cases. Benign and malignant muci-
nous ovarian tumors may produce gastrin within the 
cyst wall and present clinically with Zollinger-Ellison 
syndrome [39]. 

9.4.2.1 
Value of Imaging

The value of imaging in patients with clinically sus-
pected functioning ovarian tumors is to rule out 
an adnexal mass. In case of virilization, it may also 
confi rm the diagnosis of polycystic ovaries, and rule 
out an adrenal mass by thorough assessment of the 
adrenal glands.

9.4.3 
Ovarian Tumors in Children, Adolescents, 
and Young Women

Imaging fi ndings, age, and clinical presentation of 
ovarian masses in infants and young women are the 
basis of treatment strategy. In this age group – unless 
there is histologically proven malignancy – conserva-
tive ovarian surgery and preservation of fertility is a 
special concern. 

The type of ovarian tumor depends on the mor-
phology and patient’s age. The majority of ovarian 
masses in children older than 9 years and young 

women are benign and include follicular cysts and 
dermoid cysts, with fewer than 5% of ovarian ma-
lignancies occurring in this age group. However, le-
sions with complex architecture should be carefully 
assessed, as 35% of all malignant ovarian neoplasms 
occur during childhood and adolescence. This is 
especially true for children younger than 9 years, 
where approximately 80% of ovarian neoplasms are 
malignant [40]. A solid ovarian mass in childhood 
should also be considered malignant until proven 
otherwise by histology [41]. Differential diagnosis 
includes dysgerminoma, neuroblastoma (Fig. 9.14) 
rhabdomyosarcoma, lymphoma, and nongenital tu-
mors in the pelvis. Some ovarian neoplasms occur-
ring in this age group excrete protein tumor markers, 
which may aid in diagnosis and follow-up. They in-
clude alpha-fetoprotein, which is produced by endo-
dermal sinus tumors, mixed germ cell tumors, and 
immature teratomas, lactate dehydrogenase, which 
is secreted by dysgerminomas, and human chori-
onic gonadotropin, which is elevated in pregnancy 
and pregnancy-related tumors and in embryonal 
ovarian carcinomas [41]. Torsion is a special prob-
lem in children and young adults presenting with 
an ovarian mass. Usually ovarian masses associated 
with torsion are benign cystic lesions(Fig. 9.15); 
particularly lesions presenting with a size greater 
than 5 cm seem to be under a special risk for tor-
sion [42]. Acute pelvic pain is the mainstay in the 
differential diagnosis of a torsed ovary; however, 
imaging fi ndings may be misleading and simulate a 
malignant ovarian tumor.

Fig. 9.13. Struma ovarii. Transaxial CT 
in a young woman who presented with 
a complex adnexal mass at sonography 
and no evidence of hyperthyreosis. A 
left adnexal (arrow) surrounded by as-
cites is demonstrated in the cul-de-sac. 
It is well defi ned, shows a thin wall, and 
demonstrates a solid and cystic archi-
tecture. Within the lesion a locule (as-
terisk) of high density presents hemor-
rhage. B, bladder. Courtesy of Dr. T.M. 
Cunha, Lisbon
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Fig. 9.14a,b. Pelvic neuroblastoma. Sagittal contrast-enhanced T1-weighted images (a) and transaxial T2-weighted images (b) of 
a 5-month-old girl with a sonographically detected right pelvic mass. A well-delineated solid tumor with moderate inhomog-
enous contrast enhancement (a) and bright signal on T2-weighted images (b) is seen in the posterior aspect of the pelvis. It 
compresses the bladder and displaces the rectum (R) anteriorly and to the left side. Furthermore, a small lesion (asterisk) with 
the same signal intensity as the tumor is seen in the sacral canal at the level of S3. At surgery, a neuroblastoma was resected, 
which was composed of a small intraspinal and a large pelvic tumor component

Fig. 9.15. Torsion of a paraovarian cyst. 
In a 14-year-old girl with severe acute 
pelvic pain a cystic lesion was found on 
sonography. CT shows normal ovaries 
in the ovarian fossa and a 7-cm cystic le-
sion (asterisk) in the cul-de-sac. The lat-
ter shows mild wall thickening at its left 
contour. Exploratory laparotomy found 
torsion of a right paraovarian cyst with 
involvement of the right fallopian tube. 
The ovaries were unremarkable

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 precocious pseu-
dopuberty, e.g., in McCune-Albright syndrome [43]. 
Development of cysts is 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, tubular pregnancy, and 
obstructive genital 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 [44]. The vast majority are unilateral 
and present dermoid cysts. Only 3% of ovarian germ 
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cell tumors are malignant. Dysgerminomas account 
for approximately 50% of the malignant germ cell 
malignancies in adolescents and young adults and 
are followed by endodermal sinus tumors (20%) 
and immature teratomas (19%). As in many ovar-
ian malignancies, rapid growth is a typical fi nding; 
however, bilateral manifestation is more common in 
dysgerminomas than in other malignant germ cell 
tumors.

Endodermal sinus tumors are found in women at 
a median age of 18 years, often diffuse peritoneal dis-
semination is already present at the time of diagnosis 
[45].

Juvenile granulosa cell tumors are stromal cell 
tumors of low malignant potential, which occur be-
fore the age of 30. Rarely, they occur before puberty 
and may become clinically apparent as precocious 
puberty. Immature teratomas are commonly associ-
ated with a mature teratoma; they comprise 1% of all 
teratomas and occur most commonly in the fi rst two 
decades of life. Tumor markers are usually negative 
[46].

9.4.3.1 
Value of Imaging 

Sonography is the modality of choice to determine 
the architecture of a suspected ovarian mass in chil-
dren and young adolescents. The sonomorphologic 
pattern in combination with age, clinical manifes-
tation and presence of tumor markers are pivotal 
to establish the diagnosis. Cystic lesions are usually 
followed and regress in the majority of cases. In case 
of growth, or presence of a complex cystic or solid 
ovarian lesion, further characterization by CT or MRI 
is usually performed (Fig. 9.2). The information ob-
tained includes complementary evaluation of the site 
of origin, the nature of the mass (presence of fat or 
calcifi cations), and metastases. Because of radiation 
issues, MRI is the preferred imaging modality in this 
age group.

The imaging characteristics in CT and MRI of the 
different tumors are discussed in detail in this and 
Chap. 10. 

9.4.4 
Adnexal Masses in Pregnancy

With the widespread use of abdominal ultrasound 
during pregnancy, adnexal masses are concurrently 
diagnosed with increasing frequency. Adnexal mass-

es have been reported to occur in 0.15%–1% of preg-
nancies. Most patients are asymptomatic at the age 
of presentation, and most adnexal masses disappear 
during the fi rst 16 weeks of pregnancy [47]. The inci-
dence of ovarian cancer associated with a persistent 
adnexal mass varies from 3% to 5.9% (Fig. 9.16). 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 
out of eight were tumors of low malignant potential, 
and all malignant lesions were FIGO stage Ia tumors 
[48]. The therapeutic regimen of an adnexal mass 
during pregnancy depends on the size, sonomorpho-
logic criteria, and gestational age. Lesion size seems 
to play an important role in the management of ad-
nexal masses during pregnancy. Many authors rec-
ommend conservative treatment in adnexal masses 
6 cm or smaller [48]. The vast majority of these are 
cysts, which will resolve spontaneously. Furthermore, 

Fig. 9.16. Ovarian cancer in pregnancy. In a 38-year-old wom-
an who underwent routine sonography during pregnancy, a 
suspicious adnexal lesion was found. Sagittal T2-weighted im-
ages shows dilatation of the uterine cavity and the fetus. A 
large solid and cystic adnexal mass is demonstrated located 
posterior and above the uterine cervix, compressing the rec-
tum. Ascites is demonstrated in the upper pelvis, but not in the 
cul-de-sac. Surgical staging showed stage III ovarian cancer. B, 
compressed bladder
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the risk of torsion of an ovarian mass of this size 
seems low.

Sherard et al. reported an average size of 11.5 cm 
in malignant lesions, in contrast to benign lesions, 
which showed an average size of 7.6 cm [48]. Further-
more, papillary projections were a typical fi nding of 
borderline tumors. 

Pain or an acute abdomen should alert to compli-
cations due to hemorrhage, rupture, and torsion of 
the adnexal mass (Fig. 9.17) or caused by nongyne-
cological pelvic diseases. 

9.4.4.1 
Value of Imaging 

Adnexal masses during pregnancy are often inciden-
tal fi ndings during fetal sonography. Sonography is 
the modality of choice to further characterize these 
masses, assess their size, and plan follow-up. The aim 
of thorough assessment of an adnexal mass during 
pregnancy is to manage typical benign masses con-
servatively and/or to postpone surgery in the second 
or third trimester in order to reduce adverse fetal 
outcome. MRI has been used to characterize masses 
in pregnancy [49]. It is particularly useful to further 
characterize sonographically solid lesions, especially 
to exclude a leiomyoma and confi rm the diagnosis of 
a dermoid. In patients with acute abdomen, MRI is 
also used as a complement to sonography to detect 
nongynecological causes, e.g., appendicitis or enteri-
tis [50]. 

9.5 
Benign Adnexal Lesions

9.5.1 
Non-neoplastic Lesions of the 
Ovaries and Adnexa 

9.5.1.1 
Physiologic Ovarian Cysts

The ovaries change their appearance periodically 
during their ovarian cycle. The ovarian cycle con-
sists of development of the ovarian follicle, rupture, 
discharge of the ovum, formation and regression of 
corpus luteum. 

Ovarian cysts under 3 cm are regarded as physi-
ologic cysts. They include follicles of various stages 
of development, corpus luteum cysts, and surface in-
clusion cysts.

Physiologic ovarian cysts constitute the vast ma-
jority of cystic adnexal lesions. They may be classi-
fi ed as functional, which means they are associated 
with hormone production, or nonfunctional. 

They occur typically in women in the reproductive 
age; however, less commonly they may be also found 
in the postmenopausal age. In a series of 74 normal 
ovaries, the average size of the largest cyst was 1 cm 
(range, 0.2–4.7 cm) [51]. Functional cysts usually do 
not exceed 5 cm in size, but may occasionally grow as 
large as 8–10 cm (Fig. 9.18). In most cases, they are 

Fig. 9.17. Torsion of a dermoid. 
MRI was performed in a wom-
an presenting with acute pelvic 
pain in the 16th week and an 
indeterminate mass at sonog-
raphy. Coronal T1-weighted 
images shows a well-delineated 
mass 15 cm in diameter with 
high SI due to hemorrhage in 
the left mid abdomen. At its 
mediocranial aspect, an apple-
like structure also containing 
very bright signal presents the 
Rokitansky nodule (arrow). 
Dilatation of the fallopian tube, 
which is a common associated 
fi nding in adnexal torsion, is 
demonstrated at the inferior 
margin of the lesion. At sur-
gery, hemorrhagic infarction 
of the dermoid and left adnexa 
was found
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Fig. 9.18a–c. Functional cyst 
in a 29-year-old woman. 
Transaxial T1 (a), T2-weight-
ed images (b) and contrast-
enhanced T1-weighted 
images with FS (c). An 8-cm 
cystic ovarian lesion (arrow) 
with intermediate signal 
intensity on T1-weighted 
images similar to myome-
trium (a), and very high SI 
on T2-weighted images (b) 
displays a thin wall on the 
T2-weighted images (b) and 
after contrast administra-
tion (c). From imaging, a 
functional cyst, most likely 
a corpus luteum cyst, could 
not be differentiated from 
a cystadenoma. The sono-
graphic follow-up showed 
a considerable decrease in 
size within 3 months. Small 
amount of ascites in the 
cul-de-sac

b

a

c
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self-limiting and will regress spontaneously. In con-
trast to follicular cysts, corpus luteum cysts often re-
quire a period of up to 3 months to regress. 

9.5.1.1.1 
Follicular and Corpus Luteum Cysts

The majority of ovarian cysts are follicular cysts re-
sulting from failure of rupture or of regression of 
the Graafi an follicle. Under nonpregnant conditions, 
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 cor-
pus 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, 
hemorrhage, or torsion. 

9.5.1.1.2 
Imaging Findings in Physiologic Ovarian Cysts

Transvaginal sonography is currently the gold stan-
dard for the diagnosis of ovarian cysts. Findings in-
clude anechoic thin walled cysts for simple follicular 
cysts and a fi shnet like heterogeneous hypoechoic 
content for hemorrhagic follicular or luteal cysts also 
described with a fi ne trabecular jelly-like content 
(Fig. 9.19) [52]. Most of these cysts will disappear or 
decrease in size at short-term follow-up. In all, 65% of 
the cysts persisting after menstruation had resolved 

at the fi rst control examination 3 months later, inde-
pendently of the use of oral contraceptives [53].

Simple ovarian cysts are a common incidental 
fi nding in 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 le-
sions (<20 HU). Most cysts display intermediate 
to low signal intensity (SI) on T1-weighted images, 
and very high signal intensity on T2-weighted im-
ages, due to presence of simple fl uid. The thin wall is 
best depicted on T2-weighted images as hypointense 
and on contrast enhanced images as hyperintense to 
ovarian stroma [51]. Hemorrhagic ovarian cysts and 
corpus luteum cysts tend to display a high SI on T1 
and intermediate to high SI on T2-weighted images 
[51]. Corpus luteum cysts tend to have thicker walls 
than follicle cysts, with distinct enhancement due to 
their thick luteinized cell lining. Layering by debris 
and internal fi brin clots in corpus luteum cysts can be 
differentiated from papillary projections in epithelial 
tumors by their lack of enhancement.

Differential Diagnosis

Functional cysts smaller than 2.5-3 cm cannot be dif-
ferentiated from normal mature follicles. Unilocular 
cystadenomas may mimic functional cysts. Regres-
sion in a follow-up over two to three cycles, however, 
will allow the diagnosis of a nonneoplastic functional 
cyst. Unilocular cystic lesions even in postmeno-
pausal women have an extremely low incidence of 
malignancy (Fig. 9.11) [32]. 

Fig. 9.19. Corpus luteum 
cyst in sonography. A 
35-year-old woman with 
recent right pelvic pain. 
Axial transvaginal so-
nographic image of the 
right ovary shows a 25-
mm ovarian cyst with hy-
poechoic heterogeneous 
content, an irregular wall, 
absent intracystic color 
Doppler fl ow, and in-
creased peripheral blood 
fl ow within the ovarian 
parenchyma, suggesting a 
corpus luteum cyst. Find-
ings where confi rmed at 
a follow-up sonography 
3 months later, demon-
strating a normal right 
ovary
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Both corpus luteum cysts and endometrioma may 
show intracystic hemorrhage; however, only in endo-
metrioma will a prominent T2 shortening (“shading”) 
be observed [54]. Furthermore, in endometriosis of-
ten multiple hemorrhagic cysts may be found. 

9.5.1.2 
Paraovarian Cysts 

Paraovarian cysts (paratubal) cysts arise from Wolff-
ian duct remnants in the mesovarium [2]. They are 
often an incidental fi nding. Although encountered 
throughout life, they are most commonly found in 
middle-aged women. Surgical data suggest that they 
account for 10%–20% of adnexal masses [55]. They 
are round or ovoid, unilocular thin-walled cysts with 
a wide range of sizes between 1 and 12 cm; several 
have been reported as large as 28 cm [56]. Complica-
tions do not differ from those of functional ovarian 
cysts. Secondary transformation with foci of benign 
and malignant papillary neoplasms is extremely rare 
[57]. 

9.5.1.2.1 
Imaging Findings

Paraovarian cysts tend to be large thin-walled uniloc-
ular cysts, located typically within the broad ligament 
(Fig. 9.20). Rarely they may contain internal septa-
tions. On CT and MRI, they display typical criteria 
of ovarian cysts, but are found separate from the 
ipsilateral ovary [55, 58]. 

9.5.1.2.2 
Diff erential Diagnosis

A paraovarian cyst can only be distinguished from an 
ovarian cyst if it is clearly separate from the ovary. 
While paraovarian cysts are usually larger cysts, cysts 
of Morgagni, which arise from the fi mbriated end of 
the tube, usually do not exceed 1 cm in diameter. The 
differential diagnosis of paraovarian cysts includes 
ovarian cystadenoma, an eccentric ovarian cyst, ret-
roperitoneal cysts, and lymphoceles. The latter can 
be differentiated based on the clinical history and the 
pattern of vascular displacement. Hydrosalpinx may 
have a similar location within the broad ligament; 
however, it displays a tubular form and interdigitat-
ing septa. In contrast to paraovarian cysts, peritoneal 
inclusion cysts are often not round, but their shape is 
defi ned by the surrounding structures. Complicated 
paraovarian cysts cannot be differentiated from ab-
scesses, endometriomas, and even ovarian cancer. 

9.5.1.3 
Peritoneal Inclusion Cysts

Peritoneal inclusion cysts (pseudocysts) are accumu-
lations of fl uid produced by the ovaries that become 
entrapped by peritoneal adhesions. These lesions are 
typically encountered in patients with previous sur-
gery, endometriosis, or pelvic infl ammatory disease 
(PID). They are of variable size and tend to adhere 
to adjacent structures. Pseudocysts have an irregular 
shape because the outer surface is not a true wall but 

Fig. 9.20. Paraovarian cyst. 
Transaxial T2-weighted 
images shows a thin-
walled cyst (arrow) dis-
placing the left adnexa. 
Not histologically verifi ed
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defi ned by surrounding structures. They may become 
clinically apparent due to mass effect, pain, or present 
without symptoms [56]. 

9.5.1.3.1 
Imaging Findings

Peritoneal inclusion cysts tend to take the shape of 
the space they are occupying, and may displace sur-
rounding structures. The ovary or tubes lie typically 
inside or inside the cyst wall and may be mistaken as 
a solid nodule (Fig. 9.21). The internal architecture of 
peritoneal inclusion cysts depends on the contents. In 
most cases, they contain simple fl uid with low SI on 
T1-weighted images and very high SI on T2-weighted 
images, and low density on CT. Hemorrhage and lay-
ering 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 [56]. 

9.5.1.3.2 
Diff erential Diagnosis

Septations within a peritoneal inclusion cyst, the 
murally located ovary mimicking a solid component 
within a cystic mass, and distortion of pelvic anatomy 

may make the differentiation from a malignant ovar-
ian tumor diffi cult. The coverage of adjacent organs 
and the history of a previous surgery or pelvic adhe-
sions may be key arguments for the correct diagnosis 
[59]. 

9.5.1.4 
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 chorionic gonado-
tropin. They are not as common as other ovarian 
cysts. They are associated with multiple gestations, 
trophoblastic disease ,and pregnancies complicated 
by hydrops fetalis, or in ovarian hyperstimulation 
syndrome. 

9.5.1.4.1 
Imaging Findings

Theca lutein cysts are typically large, bilateral mul-
tiseptate ovarian cysts composed of simple fl uid. 
They may cause gross enlargement of the ovaries to 
10–20 cm in diameter. T2-weighted images or con-
trast-enhanced MRI or CT will typically display no 
evidence of mural thickening (Fig. 9.22). 

Fig. 9.21. Peritoneal inclu-
sion cyst. In a 33-year-old 
woman with a history of 
several previous pelvic 
surgeries, a cystic lesion of 
the right adnexa was found 
at sonography. CT demon-
strates a cystic lesion with 
thin enhancing walls and a 
solid ovoid structure (arrow) 
at its posterior wall. Surgery 
revealed an inclusion cyst, 
the solid structure presented 
the normal ovary
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9.5.1.4.2 
Diff erential Diagnosis

Theca lutein cysts may resemble bilateral cystadeno-
mas; however, the clinical background is different.

9.5.1.5 
Polycystic Ovary Syndrome

Polycystic ovary syndrome (PCOS) is a complex en-
docrinologic disorder characterized by inappropriate 
gonadotropin secretion that results in chronic anovu-
lation [60]. It affects as many as 5%-10% of women 
of reproductive age, and is found in 50% in women 
with infertility problems [61]. 

Although most notable in Stein-Leventhal syn-
drome, which comprises the classical fi ndings 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 clas-
sical signs. Usually, infertility is the leading clinical 
problem of patients with PCOS. Recently, ultrasono-
graphic studies reported a prevalence of polycystic 
ovaries in young women of at least 20%. However, 
there seems to be an overlap of polycystic ovaries and 
normal ovaries [62]. 

An increased risk of endometrial cancer in patients 
has been noted in patients with PCOS younger than 
40 years of age due to chronic estrogen stimulation 
[63]. PCOS may also be associated in women with ve-
nous congestion who suffer from pelvic pain [64]. 

The morphologic hallmark is mild enlargement of 
both ovaries, which contain multiple small cysts sur-
rounding the increased central ovarian stroma. The 
follicles may concurrently exist in different stages of 
growth, maturation, or atresia. 

9.5.1.5.1 
Imaging Findings

As there seems to be 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 
[65]. 

The imaging modality of choice is transvaginal US 
[55]. MRI is used as a complement to US to confi rm 
the diagnosis of PCOS or to exclude a virilizing ovar-
ian tumor.

The imaging findings in PCOS include bilateral 
moderately enlarged (up to 5 cm) spherical ova-
ries with an abnormally high number of follicles 
(Fig. 9.23) These follicles are typically found in a 
peripheral distribution. At least ten follicles rang-
ing between 2 and 8 mm in size encircle the ab-
normally hypointense central stroma (Fig. 9.24). A 
dominant follicle is typically not seen [66]. Rarely, 
a normal contralateral ovary may be identified. 
The ovaries are surrounded by a thickened scle-
rotic capsule and typically display abundant low 
signal central stroma on T1- and T2-weighted im-
ages (Fig. 9.24). 

Fig. 9.22. Bilateral theca 
lutein cysts CT at the um-
bilical level in a 27-year-old 
patient with a hydatiform 
mole. Bilaterally enlarged 
ovaries are demonstrated 
displaying numerous thin-
walled cysts of water-like 
density. No enhancing solid 
structures or papillary pro-
jections could be identifi ed. 
Theca lutein cysts are found 
in up to 20% of patients 
with a hydatiform mole
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Fig. 9.23. Polycystic ovaries in CT. Bilat-
eral spherical ovaries (arrows) can be 
identifi ed lateral of the uterine corpus 
in the ovarian fossa. Numerous uni-
formly sized follicles are found within 
the ovaries in this case of PCO, which 
was surgically verifi ed

Fig. 9.24a,b. Polycystic ovaries in MRI. 
Transaxial T2-weighted images (a) 
and parasagittal T2 WI (b) in a patient 
with Stein-Leventhal syndrome. Bilat-
eral spherical ovaries are demonstrated 
showing numerous small follicles of 
uniform size. The latter are located in 
the periphery of the ovary and surround 
the ovarian stroma (asterisk), which 
typically is of very low signal intensity 
on T2-weighted images in PCO

a

b
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9.5.1.5.2 
Diff erential Diagnosis

Multifollicular ovaries are found in mid to late pu-
berty as a normal fi nding. Multifollicular ovaries may 
also result from hyperprolactinemia, hypothalamic 
anovulation, and weight-related amenorrhea. They 
may be differentiated from PCO by fewer cysts, the 
different size of follicles, lack of stromal hypertro-
phy, and the distribution of the often larger follicles 
throughout the ovary. In contrast to PCO, the ovaries 
resume normal appearance after treatment. 

9.5.2 
Benign Neoplastic Lesions of the Ovaries 

Benign ovarian neoplasm account for 80% of all tu-
mors involving the ovaries. Although there is large 
spectrum of benign ovarian neoplasm, the vast 
majority are encompassed by only a few different 
histologic types. It is a matter of debate whether cyst-
adenomas or teratomas are most frequent. In a large 
series cystic teratomas accounted for the majority of 
benign lesions (58%) followed by serous cystadeno-
mas (25%) and mucinous cystadenomas (12%), be-
nign stromal tumors (fi bromas/fi brothecomas) (4%), 
and Brenner tumors (1%) [67]. 

9.5.2.1 
Cystadenoma 

Cystadenomas account for 37%-50% of benign 
ovarian tumors in the reproductive age. Their 
frequency tends to increase with age, and after 
menopause, cystadenomas account for up to 80% 
of the benign ovarian tumors [1]. Cystadenomas 
are thin-walled unilocular or multilocular cystic 
lesions filled with serous mucinous, and some-
times hemorrhagic contents. Papillary projections 
within the cyst walls may be rarely found, but they 
should principally raise the suspicion of a bor-
derline malignancy [68, 69]. The two types serous 
and mucinous cystadenomas differ in pathology, 
prognosis, and disease course. 

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 cystadenomas 
account for 20%-25% of all benign ovarian neo-
plasms, and are bilateral in only 2%-3% of cases. 
Both are cystic lesions filled with water-like or 

higher proteinaceous contents. Calcified psam-
moma bodies are a typical feature of serous cyst-
adenomas. Mucinous cystadenomas tend to be 
filled with sticky gelatinous fluid. They tend to 
be larger at the time of presentation. In contrast 
to serous cystadenomas, mucinous cystadenomas 
are typically multilocular with different contents 
of the loculi (Fig. 9.25) [1]. These loculi are small 
and multiple and separated by thin septations. 
Rupture of a mucinous cystadenoma can result in 
pseudomyxoma peritonei. 

9.5.2.1.1 
Imaging Findings

Although an overlap exists, imaging features may 
aid in the differentiation of serous from mucinous 
cystadenomas [1]. Cystadenomas are well-circum-
scribed cystic tumors with enhancing thin walls and 
– if present – internal septations on CT and MRI 
(Fig. 9.25). The wall and septa are regular and thin 
(<3 mm) (Fig. 9.26). Papillary projections are rarely 
found in benign cystadenomas, and tend to be small 
(Fig. 9.1) [68]. 

The cystic loculi of serous cystadenomas display 
signal of simple fl uid and tend to be low in signal on 
T1 and high on T2-weighted images (Fig. 9.11). In 
contrast, mucinous cystadenomas have often various 
signal intensities depending on the contents within 
the different loculi, which varies from watery to pro-
teinaceous to hemorrhagic. The sticky gelatinous 
contents or mucin in mucinous cystadenomas dis-
play SI intensity higher than water on T2 and lower SI 
on T2-weighted images relative to serous fl uid. When 
hemorrhage is present, blood products may be iden-
tifi ed on MRI. The loculi of mucinous cystadenomas 
are often small and multiple. Multiple loculi with dif-
ferent contents within one lesion is a typical fi nding 
of mucinous cystadenomas. Rarely, they can manifest 
as a simple cyst. 

Mucinous cystadenomas tend to be multilocular 
and larger at the time of presentation than serous 
cystadenomas. They present with a mean size of 
10 cm, but may be as large as 30 cm [1]. 

9.5.2.1.2 
Diff erential Diagnosis

Serous and mucinous cystadenomas may display 
similar imaging findings in CT and MRI. If papil-
lary projections are found in cystadenomas, they 
tend to be fewer and smaller than in borderline 
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tumors [68]. The presence of a mural nodule or 
focal wall thickening are signs highly indicative of 
malignancy. Microscopic foci of cystadenocarcino-
ma, which may arise in serous cystadenomas, will 
invariably be missed on imaging. Endometriomas 
may resemble mucinous cystadenomas, especially 
when they are complicated by hemorrhage. Low SI 
shading on the T2-weighted images is only found 
in endometrioma [54]. Furthermore, the walls in 
endometriomas tend to be thicker and irregular, 
and endometrioma usually are smaller than 10 cm. 
Hydrosalpinx can also display as a multiloculated 
uni- or bilateral adnexal lesion. In contrast to cyst-
adenomas, the loculi communicate and incomplete 
septa are found. Furthermore, their origin from 
the tubal angle may enable the correct differential 
diagnosis. 

9.5.2.2 
Cystadenofi broma

Cystadenofi bromas account for 1.7% of ovarian tu-
mors. They are benign serous ovarian tumors that 
display as cystic tumors with variable amounts of 
fi brous stroma. They can also be purely cystic with 
small foci of stroma detected microscopically. The 
margin tends to be well defi ned and smooth. Endo-
crine activity is not found.

9.5.2.2.1 
Imaging Features

The imaging features are nonspecifi c and may be 
similar to malignant tumors or borderline tumors. 
Variable amounts of fi brous stroma in ovarian cyst-
adenofi bromas produces imaging features that vary 
from purely cystic to a complex cystic tumor with 
one ore more solid components (Fig. 9.27). In one se-
ries of 32 ovarian cystadenofi bromas, 50% displayed 
as multiloculated masses identical to cystadenomas. 
The other half were complex cystic tumors with one 
or more solid components and smooth thickened 
septa [70]. 

9.5.2.3 
Benign Teratoma

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 [67]. Ovarian teratomas derive from germ 
cells and are classifi ed 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 the 
struma ovarii and carcinoid tumors. It is typical for 
monodermal teratomas  not to be cystic but contain 

Fig. 9.25. Mucinous cystadenoma in CT. 
At the level of L5, a cystic ovarian le-
sion extending to the upper abdomen 
and measuring 25 cm in diameter is 
demonstrated. It bulges the abdominal 
wall and displaces bowel loops posteri-
orly. It displays multiple thin septations 
(arrow). Loculi in the left periphery dis-
play attenuation values which are higher 
than water. The large lesion size and dif-
ferent densities of the loculi are fi ndings 
suggesting the diagnosis of a mucinous 
cystadenoma
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primarily solid structures. Cystic teratomas typically 
contain lipid material consisting of sebaceous fl uid 
within the cyst cavity or adipose tissue within the 
cyst wall or the dermoid plug [71].

9.5.2.3.1 
Dermoid Cysts

Dermoid cysts or mature cystic teratomas are com-
posed of mature tissue from at least two of the three 

germ cell layers: ectoderm, mesoderm, and endo-
derm. They are typically unilateral lesions, with only 
10%-15% of dermoids found in both ovaries.

In the vast majority (88%), dermoid cysts are uni-
locular cystic lesions fi lled with sebaceous material. 
A protuberance, the Rokitansky nodule, or dermoid 
plug, projects into the cavity and is the hallmark of 
dermoids (Fig. 9.17). It contains a variety of tissues, 
often including fat and calcifi cations, which represent 
teeth or abortive bone. Fat is detected in over 90%, 

Fig. 9.26a–c. Mucinous cystadenoma. In a 48-year-old woman 
with a cystic mass in sonography, complementary MRI with 
coronal T2-weighted images (a), coronal T1-weighted images 
(b), and contrast-enhanced T1-weighted images (c) are dem-
onstrated. Coronal T2-weighted MR image of the pelvis shows 
a hyperintense multilocular cystic mass with thin septation (a) 
in the right adnexal region. T1-weighted image confi rms 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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Fig. 9.27a,b. Cystadenofi broma. Trans-
axial T1 (a) and T2-weighted images 
(b). In a 77-year-old female, a cystic ad-
nexal mass showing an increase in size 
in a follow-up underwent preoperative 
MRI. A multiseptate cystic right adnexal 
lesion (arrow) with multiple hemor-
rhagic-proteinaceous loculi displaying 
high SI on the T1-weighted images (a) 
is demonstrated. It displays irregular 
septa of very low SI on T2-weighted 
images (b). The uterus is enlarged due 
to fi broids; the uterine cavity is widened 
by hematometra

teeth in 31% and calcifi cations in the wall in 56% 
[72]. 

A minority of dermoid cysts will demonstrate no 
fat or only small foci of fat within the wall or the Rok-
itansky nodule (Fig. 9.28) [73]. Yamashita et al. re-
ported that 15% of mature teratomas did not show fat 
within the cystic cavity. Approximately half of these 
cases displayed small amounts of fat within the wall 
of the dermoid or the dermoid plug. In 8% of benign 
teratomas, no fat could be detected [73]. 

Dermoids are usually asymptomatic and tend to 
grow slowly. This is why some gynecologists advo-

cate surgery in lesions larger than 6 cm in size [74]. 
Complications encountered with dermoid cysts are 
malignant degeneration and rupture, and with up to 
16% torsion [75]. Malignant degeneration occurs in 
up to 2% and is usually found in the sixth to seventh 
decade; it is extremely rare and arises from the der-
moid plug. The risk of malignancy is associated with 
large size (>10 cm) and postmenopausal age [76]. 
Rupture of a dermoid can cause acute abdomen due 
to granulomatous peritonitis caused by leakage of the 
fatty contents. Rarely, giant dermoids are found oc-
cupying the pelvis and abdomen. 

a

b



  Adnexal Masses: Characterization of Benign Ovarian Lesions 223

Fig. 9.28a–d. Dermoid with little fat. MRI was performed for further characterization of a sonographically suspicious cystic 
and solid mass in a 31-year-old woman. Coronal T2-weighted images (a), T1-weighted images (b), T1-weighted images with 
FS (c), contrast-enhanced T1-weighted images with FS (d). A multilocular mass with irregular wall thickening (arrow) (a) 
arising from the right adnexa is demonstrated. Coronal native T1-weighted image (b) confi rms the cystic nature of the mass. 
A linear hyperintense 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 hyperintense linear part confi rming 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 dermoid cyst with little 
fat. Contrast enhancement of the mural protrusion of a mature cystic teratoma can be mistaken for ovarian cancer

Imaging Findings

Sonographic assessment of dermoid cysts is often 
limited by its variety of appearance.

At CT and MRI, however, the diagnosis of fat 
within a cystic mass is pathognomonic for a ma-
ture cystic teratoma [73]. The fatty elements display 
characteristic low CT attenuation (–20 to –120 HU) 

(Fig. 9.29). Another typical feature on CT is the pres-
ence of calcifi cations within the cyst wall or the der-
moid plug. 

The typical MRI fi ndings include a round or oval, 
sharply delineated lesion with high SI on T1-weight-
ed images, and loss of signal on the fat-saturated 
T1-weighted images, representing fat (Fig. 9.30). 
This fatty content may display a broad spectrum of 
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c d



224 R. Forstner and K. Kinkel

appearance, including a fat-fi lled cavity, foci of fat 
within the lesion or its wall, and a fat–fl uid interface 
often representing a fl oating mass of hair. 

On T2-weighted images, the signal may be vari-
able, but it tends to be similar to subcutaneous fat. 
Furthermore, chemical shift artifacts in the fre-
quency-encoding direction can be observed, which 
confi rms the presence of fat and differentiates it 
from hemorrhage [77]. Calcifi cation in the wall of 
cystic teratomas and in the dermoid plug will often 
be missed on MRI due to the low SI on T1- and T2-
weighted images.

In a patient with acute abdomen and a dermoid, 
the presence of sebaceous fl uid fl oating in the perito-
neal cavity can suggest rupture [75].

Differential Diagnosis

Although hemorrhagic lesions including endometri-
oma, 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 differentiation of fat from hem-
orrhage [78]. 

When no or only small amounts of fat are present 
(8%), dermoids are not distinguishable from benign 
cystic ovarian tumors or ovarian cancer (Fig. 9.28) [75]. 

Capsule perforation often arising from the der-
moid plug is a sign for malignant transformation 
of a mature teratoma [79]. The rare liposarcoma or 
immature teratoma may contain fat and thus may be 
indiscernible from a dermoid. Immature teratomas, 
however, are extremely rare, and occur in the fi rst two 
decades of life. They may occur in association with 
an ipsilateral dermoid in 26%, and a contralateral 
dermoid in 10%. However, at the time of presentation 
they are usually very large, are predominantly solid or 

cystic and solid, and contain only few foci of fat [80]. 
Collision tumors of the ovary consisting of a mature 
cystic teratoma and a mucinous cystadenoma show 
a multiloculated cystic mass with an area of pure fat 
(Fig. 9.31) [81]. 

9.5.2.3.2 
Monodermal Teratoma

Monodermal teratomas are composed predominant-
ly or solely of one tissue type. They include struma 
ovarii, ovarian carcinoid tumors, and tumors with 
neural differentiation. 

Struma ovarii is the most common type, and ac-
counts for 3% of all mature teratomas. It consists 
predominantly or solely of mature thyroid tissue. 
A mixed morphology with acini fi lled with thyroid 
colloid, hemorrhage, fi brosis, 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 predominantly 
found in postmenopausal women. The course is usu-
ally benign; rarely will metastases be found. Carci-
noid syndrome is uncommon. 

Imaging Findings

On CT and MRI, a struma ovarii displays as a het-
erogenous complex mass (Fig. 9.13). 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 [82]. 

Carcinoid tumors are solid tumors indistinguish-
able from solid ovarian malignancies. 

Fig. 9.29. Dermoid torsion in CT. Non-
contrast transaxial CT in a 37-year-old 
female who presented with acute pelvic 
pain. A well-demarcated left adnexal 
lesion with fatty attenuation values (as-
terisk) is located adjacent to the uterus. 
Linear calcifi cations are found at its 
medial wall. An area of higher density 
within the fatty tissue correlated with 
fl oating hair in the macroscopic speci-
men. The homogenous wall thickening 
(arrow) is caused by edema due to tor-
sion of the dermoid
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9.5.2.4 
Benign Sex Cord Stromal Tumors 

Sex cord stromal tumors include neoplasms that are 
composed of granulosa cells, theca cells, and their lu-
teinized derivates, including Sertoli cells, Leydig cells, 
and fi broblasts of gonadal stromal origin [37]. 

Tumors of the thecoma-fi broma subgroup are 
characterized by fi brous components and include 
fi broma, fi brothecoma, cystadenofi broma, and 
Brenner tumors. They account for the vast major-
ity of the sex cord stromal tumors and are benign, 
except for Brenner tumors, which may rarely be ma-
lignant. 

Fig. 9.31. Collision tumor of the ovary. CT 
at the level of the mid pelvis in a 65-year-
old woman with sonographically suspected 
ovarian cancer. A cystic right adnexal mass 
is demonstrated showing multiple thin septa-
tions and a 3-cm lesion with fat density and 
mural calcifi cations (asterisk). Pathologically, 
a collision tumor composed of a benign mu-
cinous cystadenoma and a benign dermoid 
was diagnosed

Fig. 9.30a,b. Typical fi ndings of dermoid in MRI. A 44-year-old woman complaining about irregular menstrual cycle and a suspi-
cious adnexal mass at transvaginal ultrasound. Axial T1-weighted images (a) and T1-weighted images contrast-enhanced image 
with fat suppression (b) at the acetabular level. The cystic structure of the right ovary demonstrates hyperintense contents with 
a round nodule in the lower part of the cyst (arrow) (a). The hypointense content after fat suppression (b) confi rms the fatty 
nature of the cyst. At pathology, the round nodule corresponded to a hair ball within a mature cystic teratoma

a b
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have estrogenic activity and may present with uterine 
bleeding. Furthermore, in more than 20%, endome-
trial carcinomas may be present concomitantly [85]. 

Imaging Findings

Small fi bromas and fi brothecomas are solid tumors 
with imaging features similar to nondegenerative 
uterine leiomyomas on CT and MRI (Fig. 9.33). They 
display intermediate to low SI on T1-weighted images 
and typically very low SI or low SI with intermedi-
ate SI on the T2-weighted images on MRI (Fig. 9.32). 
Large lesions may have an inhomogenous architec-
ture with high signal intensity foci within the low 
signal intensity lesion, representing edema or cystic 
degeneration [21]. Furthermore, especially in larger 
lesions, dense amorphous calcifi cations may be seen, 
which are easily detected on CT. On MRI, calcifi ca-
tions are typically not appreciated because of their 
low SI on the T2-weighted images. Fibromas and 
fi brothecomas tend to show mild or delayed gado-
linium enhancement (Fig. 9.32) [86]. Ascites may be 

9.5.2.4.1 
Fibroma and Fibrothecoma 

Fibromas and fi brothecomas are solid ovarian tu-
mors accounting for 3%-4% of all ovarian tumors 
and 10% of solid adnexal masses. They are typically 
unilateral (90%), and occur in peri- and postmeno-
pausal age women.

Fibromas are composed mostly of fi broblasts and 
spindle cells and abundant collagen contents. Fibromas 
are not hormonally active. Fifteen percent of fi bromas 
are associated with ascites (Fig. 9.32), and in 1% pleu-
ral fl uid is also found [83]. This triad of an ovarian 
fi broma, ascites and pleural effusion constitutes the 
benign Meigs syndrome, which can be associated with 
elevated Ca-125 levels [84]. In basal cell nevus syn-
drome, numerous basal cell carcinomas are associated 
with abnormalities of bones, eyes, brain, and tumors, 
including ovarian bilateral fi bromas [85]. 

Thecomas are composed of thecal cells with abun-
dant and varying amounts of fi brosis, and rarely con-
tain calcifi cations. Unlike fi bromas, 60% of thecomas 

Fig. 9.32a–c. Ovarian fi broid. Transaxial T1-weighted images 
(a), T2-weighted images (b) and contrast-enhanced T1-weight-
ed images with FS (c). In a 38-year-old woman with abdominal 
fullness, a large solid tumor was found. It is separated from 
the right ovary and the uterus (b and c). Signal intensity on 
T1-weighted images is similar to myometrium (a). The trans-
axial T2-weighted images shows a predominantly low-signal-
intensity pattern and areas of intermediate SI (b). Contrast 
enhancement is less than those of the myometrium (c). In the 
anterior periphery, areas of higher enhancement are seen. As-
cites as seen in this case is a feature of Meigs syndrome
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present and even large amounts are no sign of ma-
lignancy.

9.5.2.4.2 
Brenner Tumors

Brenner tumors present rare ovarian tumors that oc-
cur at a mean age of 50 years. Brenner tumors con-
stitute 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 under 2 cm in size. Extensive 
calcifi cation may be observed. 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 thick-
ening [87]. If cystic components are found in Brenner 
tumors, they may be associated with cystadenomas 
[88]. Up to 20% of Brenner tumors are associated 
with mucinous cystadenomas or other epithelial neo-
plasm (Fig. 9.34).

Imaging Findings

The typical fi nding of a Brenner tumors is a small 
solid tumor that displays very low SI on the T2-
weighted images [87]. Dense amorphous calcifi ca-
tions in a small solid ovarian tumor is a typical CT 
fi nding. 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 [87]. The combination of a 
multiseptate ovarian tumor with a solid part display-
ing extensive calcifi cations 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. 9.34). 

9.5.2.4.3 
Sclerosing Stromal Tumor of the Ovary

Sclerosing stromal tumor of the ovary is a rare sub-
type of the sex cord stromal tumor type. It is a be-
nign tumor and affects most commonly young girls 
and women younger than 30 years of age, which is 
much earlier than in the other stromal tumor types 
[89]. Macroscopically, these tumors have a capsule 
with peripheral edematous ovarian cortical stroma 
surrounding nodular highly vascular cellular com-
ponents [89]. These tumors may have an estrogenic 
effect and rarely androgenic effects, which cause pro-
longed menstrual irregularities. Ascites may be rarely 
associated.

Imaging Findings

Sclerosing stromal cell tumors tend to be well encap-
sulated multiloculated cystic or heterogenous ovarian 
lesions (Fig. 9.35). On T1 and T2-weighted images, a 

Fig. 9.33a,b. Ovarian fi broma in 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 inhomogeneous solid structure . Contrast enhancement is distinctly less than that of the 
myometrium (arrow). No calcifi cations were found throughout the lesion. Minimal ascites was seen. Histopathology revealed 
a 9-cm fi broid of the left ovary
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Fig. 9.34a–d. Large Brenner tumors with mucinous portion. A 75-year-old woman presenting with a large suspicious pelvic 
mass at ultrasound and moderate increase in Ca125 level. Axial T2-weighted images (a), sagittal T2-weighted images (b), Sagit-
tal T1-weighted images (c), Sagittal T1-weighted images with FS. (d) A cystic mass with a solid hypointense anterior portion 
is demonstrated (a). Ovarian parenchyma with two follicles is seen at the left anterior side (arrow). The small uterus (arrow) 
is identifi ed below the left ovarian mass (b). The interface between the cystic and solid portion of the mass is regular. Sagittal 
T1-weighted images (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 sup-
pression (d) shows heterogeneous decreased contrast enhancement of the solid portion of the cyst (white arrow) compared 
to the strongly enhancing myometrium (black arrow). Histology after hysterectomy and bilateral oophorectomy diagnosed a 
benign Brenner tumor of the left ovary with an associated benign mucinous portion
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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 ap-
pearance. On dynamic MRI, lack of enhancement of 
the outermost part and distinct early peripheral en-
hancement with centripetal progression on delayed 
images has been described [89]. 

Differential Diagnosis

The solid morphology and the signal character-
istics of fibromas and fibrothecomas are fairly 
characteristic. Pedunculated uterine fibroids and 
fibroids of the broad ligaments can display simi-
lar imaging characteristics. The latter can only be 
differentiated from ovarian fibromas or fibroth-
ecomas when they are separated from the ovary. 
Subserosal pedunculated fibroids can be discrimi-

nated by the bridging vascular sign. Unilateral or 
bilateral ovarian leiomyomas are extremely rare, 
and cannot be reliably differentiated by imaging. 
High-contrast media uptake in such a lesion might 
suggest ovarian leiomyoma [90]. Fibromas and fi-
brothecomas with large central necrotic areas can-
not be reliably differentiated from malignant solid 
ovarian masses, especially Krukenberg tumors. In 
contrast to the majority of ovarian tumors, only 
little or delayed contrast enhancement is observed 
in ovarian stromal tumors. Dense calcifications in 
CT support also the diagnosis of stromal tumors. 
Small calcified solid tumors favor the diagnosis 
of Brenner tumors. A multicystic tumor with fo-
cal very dense calcifications, which is only reli-
ably appreciated on CT, may suggest the diagnosis 
of Brenner tumor and cystadenoma. In contrast, 
calcifications in ovarian cancer tend to be small 
punctuate foci, so-called Psammoma bodies.

Fig. 9.35a–c. Sclerosing tumor of the ovary. Transaxial T1-
weighted images (a), transaxial T2 WI (b), and contrast-
enhanced T1-weighted images with FS (c) in a 29-year-old 
woman with menstruation irregularities. A well encapsulated 
left adnexal mass (arrow) displacing the uterus (U) is dem-
onstrated. It displays intermediate signal intensity similar to 
myometrium on T1-weighted images (a). T2-weighted images 
shows a solid peripheral rim with irregular contours and a 
central solid portion which show low to intermediate SI (b). 
They are separated by an area of very bright signal presenting 
necrosis (b). After contrast media application (c) the predomi-
nantly solid architecture of the tumor is confi rmed and very 
high contrast uptake is shown. Courtesy of Dr. T.M. Cunha, 
Lisbon
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Sclerosing stromal cell tumors seem to have a 
unique distinct centripetal contrast media uptake. 
Morphologically, they may resemble Krukenberg tu-
mors or dysgerminomas. 
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10.1 
General Considerations

The vast majority of ovarian carcinomas are epithe-
lial in origin, accounting for more than 90% of the 
estimated 25,580 new cases of ovarian cancer diag-
nosed in 2004 in the United States [1]. Fallopian tube 
carcinomas and extraovarian peritoneal carcinomas 
are much less common. However, these tumors share 
similarities in histology, tumor growth, treatment, 
chemotherapy responsiveness, and overall prognosis. 
For this reason, most aspects of these tumors will 
be discussed under epithelial ovarian cancer in this 
chapter. For both epithelial and fallopian tube can-
cer, there are signifi cant differences in the prognosis 
between early and advanced ovarian cancer. While 
early-stage cancer is often curable, advanced-stage 
ovarian cancer is one of the most deadly cancers 
in women, with an overall 5-year survival rate of 
38%–53% [1].

10.2 
Epidemiology and Risk Factors

Ovarian cancer accounts for 4% of cancers in women 
and is responsible for 5% of cancer deaths [2]. In most 
Western countries, ovarian cancer is the sixth most 
common cancer in women, and the most lethal among 
the gynecological cancers. The incidence of ovarian 
cancer has increased by 30% over the past decade, 
while death from ovarian cancer has increased by 18% 
[3]. It is estimated that one women in 70 will develop 
ovarian cancer, and one woman in 100 will die of the 
disease. Ovarian cancer is usually clinically silent and 
about 75% of women present with advanced stages. 
This is why, despite developments in diagnosis and 
treatment, the overall survival rate has changed only 
little within the last decade [4]. Although there is an 
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initial response in most patients, the majority ulti-
mately will die from their disease [3].

The incidence of ovarian cancer is higher in North 
America and Northern Europe than in Japan [3]. The 
strongest patient related risk factor for ovarian cancer 
is increasing age. The vast majority of epithelial ovar-
ian carcinomas are diagnosed in the postmenopausal 
period, with a mean age at diagnosis of 59 years.

In patients with a family history of breast and 
ovarian cancer, ovarian cancers occur up to 10 years 
earlier. In females younger than 20 years of age, germ 
cell tumors account for more than two-thirds of ma-
lignant ovarian tumors. 

Genetic, reproductive, and environmental factors 
have been identifi ed to play a role in the develop-
ment of ovarian cancer. The vast majority of ovarian 
cancers are sporadic in nature. Patients with a family 
history are at high risk, although an identifi able ge-
netic predisposition for hereditary ovarian cancer is 
found only in approximately 5% of affected women. 
Families with three or more fi rst-degree relatives 
with ovarian and/or ovarian and breast cancer carry 
a substantially (16%–60%) increased risk for devel-
oping ovarian cancer. 

Hereditary breast-ovarian cancer syndrome 
(HBOC) accounts for the vast majority (85%–90%) 
of all hereditary ovarian cancers [5]. The site-spe-
cifi c ovarian cancer syndrome with only ovarian 
cancer accounts for 10%–15% of hereditary ovar-
ian cancers. In hereditary nonpolyposis colorectal 
cancer syndrome (HNPCC), which is also known as 
Lynch syndrome II, patients present with colon, en-
dometrial, breast, ovarian and other cancers [6]. 

The hereditary breast/ovarian cancer syndrome, 
and perhaps less frequently the site-specifi c ovar-
ian cancer syndrome, are linked to mutations in the 
BRCA1 and BRCA2 genes [4]. The vast majority of 
BRCA1-associated cancers are serous adenocarci-
nomas and present at an average age at diagnosis of 
48 years. BRCA1-associated cancers may have a lon-
ger median survival than sporadic ovarian cancer 
[4]. 

Women with nulliparity, childbirth after 35 years, 
late menopause, and early onset of menses are also 
under an increased risk. Prolonged times of uninter-
rupted ovulations seem to play a role in the develop-
ment of ovarian cancer [3]. 

Treatment with ovulation stimulation drugs may 
also slightly increase the risk of developing ovarian 
cancer [3]. 

Long term oral contraceptive use, however, has 
been associated with a protective effect. 

10.3 
Screening for Ovarian Cancer

10.3.1 
General Population

Successful screening for ovarian cancer, by defi nition, 
is able to decrease mortality and morbidity from the 
disease. Clinical palpation, transvaginal sonography, 
and serum CA-125 have been proposed as screening 
tests for ovarian cancer. Unfortunately, with these tests, 
routine screening for ovarian cancer is currently not 
recommended in the general population [3, 4, 7]. 

Successful screening for ovarian cancer requires 
either detection of early invasive stage disease or 
of a precancerous stage [4]. Although the patterns 
of spread of ovarian cancer are well established, its 
natural course is poorly understood. It seems that the 
preclinical phase of ovarian cancer may last less than 
2 years [7]. Furthermore, most ovarian cancers, par-
ticularly serous types, may develop without a precur-
sor lesion, which makes early detection diffi cult [8]. 

The primary reason that screening is not recom-
mended, however, is based upon the fact that the cur-
rently available techniques have not shown to decrease 
the mortality of ovarian cancer in large clinical screen-
ing trials [3]. The detection rate of ovarian cancer is low, 
and cost-benefi t analysis of ovarian cancer screening 
is currently not cost-effective [9]. Most screening stud-
ies have used either serum tumor markers or ultraso-
nography including color Doppler imaging, or both. 
Although US has excellent reported sensitivity and 
specifi city for detection of ovarian masses (90%-96% 
and 98%-99%, respectively), its PPV is only about 7% 
for ovarian cancer, mainly because of its low preva-
lence. Serum CA-125 levels correlate with progression 
or regression of established disease. This test, however, 
is not specifi c and is found in benign diseases as well. 
False-positive fi ndings during screening may even lead 
to adverse effects with an increased morbidity due to 
unnecessary surgeries [10]. 

10.3.2 
High-Risk Women

Screening may be more effective in women with a 
positive family history of ovarian cancer. The Ameri-
can College of Radiology (ACR) recommends that 
women with a strong family history of ovarian cancer 
should consult gynecologists in their early twenties 
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and undergo a clinical follow-up in their thirties [7]. 
Because of the markedly increased lifetime risk of 
ovarian cancer, screening with annual transvaginal 
US and CA-125 testing is recommended for women 
with BRCA1 or BRCA2 gene mutations [11]. Prophy-
lactic oophorectomy seems to have a protective ef-
fect in women from families with hereditary cancer. 
Oophorectomy may be delayed until childbearing is 
completed, or the age of 40. However, these patients 
carry a persisting risk for peritoneal carcinomatosis 
even after removal of normal ovaries [4].

10.4 
Histologic Tumor Types and Tumor Grade

On the basis of distinct clinical and pathologic features, 
primary ovarian carcinomas can be separated into three 
major entities: epithelial carcinomas, germ cell tumors, 
and stromal carcinomas. Epithelial ovarian cancer ac-
counts for 86% of tumors, the vast majority of ovarian 
malignancies [12]. Epithelial ovarian cancers are ad-
enocarcinomas and comprise, depending on their his-
topathologic features, serous, mucinous, endometrioid, 
transitional cell, clear cell, undifferentiated carcinomas, 
and mixed carcinomas. Fallopian tube cancers show 
similar histologies, with serous carcinoma also identi-
fi ed most frequently [3]. Except for clear cell carcinomas, 
the histologic type has limited prognostic signifi cance 
independent of clinical stage [3]. 

Epithelial carcinomas are characterized by his-
tologic type and the degree of cellular differentia-
tion (grade). Most grading systems are based upon a 
three-grade classifi cation that describes the degree to 
which a tumor forms papillary structures or glands 
vs solid tumors [4]. At present, grading of ovarian 
carcinoma is clinically relevant only for stage I tu-
mors, because of its direct impact on the necessity of 
chemotherapy and the prognosis [2]. 

10.5 
Tumor Markers

CA-125, a glycoprotein antigen, is currently the most 
commonly used tumor marker for ovarian cancer. 
However, elevation of CA-125 of more than 35 U/ml 
is not specifi c for epithelial ovarian cancer, but can be 

observed as well in other malignant epithelial cancers, 
including pancreatic, lung, breast, and colon cancer, 
and in non-Hodgkin’s lymphoma [13]. Furthermore, 
the list of benign conditions associated with an elevated 
CA-125 level is long and includes cirrhosis, peritonitis, 
pancreatitis, endometriosis, uterine fi broids, pregnancy, 
benign ovarian cysts, pelvic infl ammatory disease, and 
even ascites. The level of CA-125 is associated with the 
menstrual cycle, and more than 90% of false-positive 
fi ndings are encountered in premenopausal women 
[14]. This is why in premenopausal women, CA-125 is 
not useful as a single test, but its value is based upon 
the rise in serial measurements. In postmenopausal 
women, CA-125 is a better discriminator between be-
nign and malignant diseases. In this age group, CA-125 
levels exceeding 65 U/ml are predictive of malignancy 
in 75% of women with pelvic masses [7]. More than 
80% of women with advanced epithelial ovarian cancer 
present with CA-125 elevations. It is, however, not a 
sensitive test for early-stage disease, where its sensitiv-
ity is only 25% [14]. In mucinous ovarian cancers, the 
CA-125 levels may not be markedly elevated [15].

CA-125 is pivotal in the follow-up of patients with 
ovarian cancer to monitor effi cacy and duration of 
treatment and tumor recurrence [16].

Serum alpha-fetoprotein (AFP) and human chori-
onic gonadotropin (HCG) have been helpful in recog-
nizing preoperatively the presence of an endodermal 
sinus tumor, embryonal carcinoma, choriocarcino-
ma, or a mixed germ cell tumor.

10.6 
Imaging

10.6.1 
Imaging Features of Ovarian Cancer

10.6.1.1 
Characteristics of Malignant Ovarian Tumors

Most commonly used imaging features suggestive of 
malignancy are lesions size larger than 4 cm, thickness 
of wall or septa exceeding more than 3 mm, papillary 
projections, necrosis, partially cystic and solid internal 
architecture, a lobulated solid mass, and presence of 
tumor vessels (Fig. 10.1; Table 10.1) [17–21].

Contrast-enhanced studies in CT and MRI assist 
in tumor characterization, especially in the depiction 
of papillary projections and necrosis [17, 21]. None of 
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these imaging criteria, however, are specifi c enough as 
a single factor to reliably diagnose ovarian cancer. The 
likelihood of malignancy increases with solid nonfi -
brous elements, thickness of septa, and presence of 
necrosis. Ancillary fi ndings such as presence of lymph-
adenopathy, peritoneal lesions, and ascites improve the 
diagnostic confi dence to diagnose ovarian cancer. The 
combination of tumor size and architecture and an-
cillary signs improves prediction of malignancy and 
yields an accuracy of 89%–95% [19, 21].

Necrosis within a solid portion of an ovarian mass 
was most predictive sign of malignancy in a multivariate 
logistic regression analysis of complex adnexal masses 
studied by MRI (Fig. 10.2). “Necrosis in a solid lesion” 
(odds ratio, 107) was followed by “vegetations in a cystic 
lesion” (odds ratio, 40) identifi ed after intravenous injec-
tion of gadolinium-based contrast material [21]. Solid 
nonfatty nonfi brous tissue with or without necrosis has 
also been reported as a valuable predictor of malignancy 
[22]. Thick walls and septations are less reliably signs of 
malignancy, as they may also occur in abscesses, endo-
metriomas, and benign neoplasms such as cystadenofi -
bromas and mucinous cystadenomas [22]. 

Papillary projections present folds of the prolifer-
ating neoplastic epithelium growing over a stromal 
core. Identifi cation of papillary projections is impor-

Fig. 10.1. Imaging characteristics of a malignant ovarian le-
sion. Sagittal T2-weighted image demonstrates a large adnex-
al lesion extending to above the umbilical level. It is clearly 
separated from the uterus and compresses the rectum. It is 
composed of multiple solid elements and multiple cysts. 
Throughout the lesion and within the cysts, papillary projec-
tions (arrows) can be identifi ed. Histopathological diagnosis 
was a serous adenocarcinoma

Table 10.1. Imaging fi ndings suggesting malig-
nancy in an adnexal mass

Primary fi ndingsa

  Lesion size >4 cm

  Wall/septal thickness >3 mm

  Papillary projections

  Lobulated mass

  Necrosis

  Solid and cystic architecture

  Tumor vessels

Ancillary fi ndings

  Lymph node enlargement

  Peritoneal lesions

  Ascites
aNot specifi c as single factors.

Fig. 10.2. Necrosis in Krukenberg tumor. Parasagittal contrast-en-
hanced T1-weighted image shows a well-delineated solid ovarian 
lesion (arrow) located cephalad of the uterus. It displays inhomo-
geneous contrast enhancement and a large central necrosis
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tant because they are typical for an epithelial neo-
plasm. They are most often associated with epithelial 
cancers with low malignant potential, and may also 
be found in 38% of invasive carcinomas (Fig. 10.3). In 
the latter, the gross appearance is usually dominated 
by a solid component [17, 22]. 

Psammoma bodies, which are tiny calcifi cations, are 
found in CT in approximately 10% of serous epithe-
lial ovarian cancers (Fig. 10.4). Calcifi cations are also 
found in benign ovarian stromal tumors, e.g., Brenner 
tumors or thecomas. These tumors are typically solid 
and tend to show extensive coarse calcifi cations. 

10.6.1.2 
Peritoneal Carcinomatosis

Peritoneal implants appear as solitary, or more often as 
multiple soft tissues lesions (Fig. 10.5), which display a 
wide range of size and patterns. Implants may be dis-
tributed along the peritoneal surfaces in a linear and of-
ten linear and nodular pattern (Fig. 10.6); they may also 
coalesce and surround the viscera or the diaphragm in 
a plaque- or coatlike manner. The majority of these im-
plants enhance with contrast media; some are cystlike 
and may mimic loculated fl uid. Implants from serous 
tumors may have calcifi cations (Fig. 10.7). 

The omentum accounts for the most common sites of 
peritoneal metastases, with the inframesocolic omentum 
more often involved than the supramesocolic omentum. 
Most common types of omental implants include a net-
like pattern, nodules of various sizes, and broad, bandlike 
soft-tissue lesions, an omental cake (Fig. 10.8). Nodu-
lar enhancing implants and omental cake are typically 
located between the abdominal wall and bowel loops. 

Fig. 10.4. Calcifi cations in ovarian can-
cer. Multiple plaquelike calcifi cations 
are demonstrated within a mixed solid 
and cystic bilateral ovarian tumor. They 
also cloak the peritoneal surface of the 
uterus (U). These small calcifi cations 
present psammoma bodies and are 
found in approximately 10% of serous 
ovarian adenocarcinomas in CT. B, blad-
der

Fig. 10.3. Papillary projections in ovarian cancer. On a para-
sagittal T2-weighted image, a cystic ovarian lesion with sep-
tations and multiple papillary projections is demonstrated. 
Some small isolated papillary projections are located at the 
base of the lesion (arrow). At the top, a 1.5-cm papillary pro-
jection protrudes into the fl uid-fi lled cavity. At the posterior 
aspect of the tumor, septal wall thickening and coalescence of 
papillary projections forming broad-based formations (long 
arrow) is demonstrated. Papillary projections typically display 
low signal intensity on T2-weighted image. B, bladder
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Fig. 10.5a,b. Peritoneal implants. Findings in FIGO stage IIIc ovarian cancer are shown in an anterior (a) and 
posterior (b) coronal CT plane. Ascites, mild peritoneal 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

Fig. 10.6a,b. Peritoneal implants. Coronal (a) and transaxial CT of the upper abdomen (b). Linear thickening of the parietal 
peritoneum is seen throughout the abdomen and pelvis in a patient with large amounts of ascites (a). The diffuse linear thick-
ening of the diaphragm is better appreciated on the transaxial plane (b). Other fi ndings include bilateral focal diaphragmatic 
implants and broad bandlike tumors (arrows) adjacent to the transverse colon presenting omental cake

a b

a

b
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Fig. 10.7a,b. Calcifi ed peritoneal metastases in CT. Multiple tiny calcifi cations (arrows) coat the surface of the spleen (a) and 
liver (b) in a patient with recurrent serous ovarian cancer. A simple cyst is found in the right lobe of the liver (a)

Fig. 10.8a–d. Omental implants. Transaxial CT (a–c) and transaxial fat-saturated T1-weighted image (d) in four different pa-
tients. Omental implants (arrows) may display a broad spectrum of fi ndings ranging from a netlike pattern (a) to cottonlike 
(b) and nodular lesions (d). They are typically located between the abdominal wall and bowel loops. If they coalesce they are 
termed omental cake (c)

a b

a b

c d
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Netlike omental involvement is more diffi cult to evalu-
ate. Implants of the diaphragm consist of nodular or 
plaquelike lesions. Peritoneal implants of liver or spleen 
may result in scalloping of the surface. Ligaments may 
appear thickened due to peritoneal metastases. Implants 
on bowel or mesentery can cause tethering of loops and 
may lead to obstruction. Bowel obstruction, however, re-
sults more commonly from intestinal wall involvement 
than from serous implants. Mesenteric lesions appear as 
thickening of the root of the mesentery, and often display 
a stellate radiating pattern.

Sister Mary Joseph’s nodule presents metastatic can-
cer to the umbilicus. It usually ranges from 1 to 1.5 cm 
in size, but can attain a size of up to 10 cm (Fig. 10.9). 

The depiction of peritoneal implants depends on the 
size and presence of ascites. The latter improves the con-
spicuity, especially of smaller lesions. However, implants 
less than 1 cm are detected with a sensitivity of only 
25%-50% with spiral CT technique [23]. In this study, 
CT performance improved to a sensitivity of 85%-93% 
and a specifi city of 91%-96% in detecting extrapelvic 
peritoneal disease larger than 1 cm in size [23]. Contrast-
enhanced CT and MRI aid in the depiction of peritoneal 
implants. MRI seems similar to CT in the assessment of 
abdominal peritoneal implants and seems superior in 
the assessment of pelvic peritoneal details [24]. 

10.6.1.3 
Ascites

Ascites alone is generally nonspecifi c, and small 
amounts of pelvic fl uid are commonly detected in the 

cul-de-sac in normal patients. In ovarian cancer, pel-
vic ascites may be a sign of stage I disease; however, 
involvement of the diaphragmatic lymphatics, which 
presents stage III, should generally be a concern [25]. 
Large amounts of ascites in a patient with ovarian 
cancer usually indicate presence of peritoneal metas-
tases. Coakley found that the presence of ascites alone 
had a PPV of 72%–80% for peritoneal metastases [23]. 
Furthermore, a direct relationship between stage of 
ovarian cancer and volume of ascites has been found 
[26]. 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 [4]. Peritoneal carcinosis is characterized by 
various amounts of ascites and diffuse or focal peri-
toneal thickening. Benign forms of ascites displaying 
the same pattern such as postoperative infl ammatory 
changes, bacterial peritonitis, or chronic hemodialy-
sis cannot be differentiated from peritoneal carcinosis 
[27]. Absence of ascites in the cul-de sac in cases of 
ascites throughout the pelvis or abdomen has been 
described as a sign of malignancy [28]. 

10.6.2 
Pathways of Spread in Ovarian Cancer

Knowledge of the pathways of tumor spread is pivotal 
for the interpretations of fi ndings 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 peri-

Fig. 10.9. Umbilical metastasis. Sister Mary 
Josef ’s nodule is a peritoneal implant to the 
umbilicus. In this patient, a solid 1.5-cm le-
sion (arrow) is demonstrated. Other signs 
of peritoneal tumor spread include large 
amounts of ascites and focal thickening of the 
peritoneum in the right paracolic gutter
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toneal cavity that can implant on parietal and visceral 
peritoneum throughout the peritoneal cavity. It also dis-
seminates 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 side walls. 
Peritoneal spread and implantation outside the pelvis is 
caused by tumor cells that are able to slough off the ova-
ry and enter the peritoneal circulation. Peritoneal im-
plants are also disseminated throughout the lymphatic 
vessels of the peritoneum. Due to the hemodynamics 
of the peritoneal fl uid, the sites most often involved are 
the right subphrenic space, including the diaphragm, 
the liver surface, and Morrison’s pouch. Further sites of 
peritoneal implants include the omentum, the surface of 
the left diaphragm and spleen, paracolic gutters, mesen-
tery, and small and large bowel surfaces.

Tumor spread along the lymphatic pathways is 
found along three routes. The main pathway of lym-
phatic spread is along the broad ligament and para-
metria 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 bi-
furcation. Drainage to external and inguinal nodes 
via the round ligaments accounts for the rarest route 
of lymphatic tumor spread. At surgery, lymph node 
metastases are directly correlated with tumor stage: 
in stages I and II, 14% of lymph node metastases may 
be positive for metastases, whereas in stages III and 
IV, up to 64% of lymph node metastases are detected 
[29]. Furthermore, pelvic lymph nodes are more of-
ten involved than para-aortic nodes.

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 [28].

10.6.3 
Staging of Ovarian Cancer

Staging of ovarian cancer is based on the extent and 
location of disease noted at initial exploratory stag-
ing laparotomy. The most commonly used staging 
system of ovarian cancer is the International Fed-
eration of Gynecologists and Obstetricians (FIGO) 
classifi cation system. Complete surgical staging has 
been established as the gold standard for assessing 
ovarian cancer. This procedure includes a staging 

laparotomy with a total abdominal hysterectomy, bi-
lateral salpingo-oophorectomy, infracolic omentec-
tomy, and lymphadenectomy [4, 29]. Furthermore, 
peritoneal cytology and multiple peritoneal biopsies 
are obtained throughout the pelvis and upper abdo-
men. More recently, laparoscopic staging procedures 
for ovarian cancer have also been proposed. 

Understaging of ovarian cancer remains a com-
mon problem (20%–40%) in clinical routine. It oc-
curs frequently, when the initial surgery had been 
performed under the presumption of a benign pro-
cess, due to laparoscopy technique, and lack of onco-
logic specialist expertise [4].

10.6.3.1 
Staging by CT and MRI

Surgical staging is regarded as the gold standard to 
evaluate a patient with ovarian cancer, and it is the 
basis to determine whether additional therapy is 
necessary [4]. Surgical staging can be preceded by 
a series of preoperative tests. Routine chest X-ray 
has been recommended to screen for lung metasta-
ses. Intravenous urography and contrast enema have 
previously been used in the preoperative evaluation 
of the urinary tract, and to exclude colon wall inva-
sion or stenosis. Recently, CT and MRI have been 
widely accepted as adjunct imaging modalities for 
preoperative decision making in ovarian cancer [4, 
11, 24, 30, 31]. 

Although defi nitive staging of ovarian cancer is 
based upon the fi ndings at surgery, preoperative as-
sessment of the tumor extent by imaging may infl u-
ence patient management. Accurate preoperative 
assessment of ovarian cancer may aid the surgeon 
in better determining sites for biopsy, and also allow 
the depiction of tumor deposits that might be diffi -
cult to visualize intraoperatively, e.g., the diaphragm, 
splenic hilum, stomach, lesser sac, mesenteric root, 
and para-aortic nodes above the level of the renal hi-
lum [4]. Furthermore, it may alert the surgeon of the 
need for subspecialist cooperation or for referral to 
an oncology center. In case of extensive cancer and 
signs of nonresectability on CT or MRI, candidates 
may be selected who may benefi t from neoadjuvant 
therapy prior to surgery [15].

10.6.3.1.1 
Imaging Findings According to Stages

A CT and MRI modifi ed staging system of ovarian 
cancer is summarized in Table 10.2 [24, 25]. 
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Table 10.2. Modifi ed FIGO staging of ovarian cancer by CT 
and MRI

Stage Imaging fi ndingsa

Stage I Tumor limited to the ovaries

IA Limited to one ovary, no ascites (intact capsule 
and no tumor on the external surface)

IB Limited to both ovaries, no ascites (as in stage 
IA)

IC Stage IA or IB with ascites (or with tumor on 
surface). Capsule ruptured, peritoneal washings 
positive for malignant cells

Stage II Growth involving one or both ovaries, pelvic 
extension

IIA Extension and/or metastases to the uterus and/
or fallopian tubes

IIB Extension to other pelvic tissues

IIC Tumor either IIA or IIB with ascites

Stage III Tumor involving one or both ovaries, perito-
neal implants (including liver surface, small 
bowel, and omentum ) outside the pelvis and/or 
implants of retroperitoneal or inguinal lymph 
nodes

IIIA Tumor grossly limited to the true pelvis (includ-
ing microscopical implants of abdominal peri-
toneum)

IIIB ≤2 cm implants of abdominal peritoneal surfaces

IIIC >2 cm implants of abdominal peritoneal surface 
and/or retroperitoneal or inguinal lymph nodes

Stage IV Growth involving one or both ovaries, distant 
metastases, parenchymal liver metastases.

aAdditional staging criteria used in histopathological and sur-
gical staging in parentheses.

In stage I, tumor is confi ned to one (stage IA) or 
both ovaries (stage IB) (Fig. 10.10). The capsule of the 
tumor is intact and there is no evidence of spread of 
the tumor to the ovarian surface. In stage IC disease, 
tumor is detected on the ovarian surface or capsule 
rupture has occurred. Ascites may also be present. 

Stage II is characterized by local tumor extension 
into the pelvic soft tissues and to organs within the 
true pelvis. In stage IIA, either direct tumor exten-
sion or implants on the uterus or fallopian tubes can 
be identifi ed. Findings suggesting this stage include 
distortion or irregularity between the interface of the 
tumor and the myometrium. Stage IIB is character-
ized by involvement of pelvic tissues, such as bladder, 
rectum and pelvic peritoneum. Invasion of sigmoid 
colon or rectum is diagnosed when loss of tissue 
plane between the solid component of the tumor, 
encasement, or localized wall thickening is noted 
(Fig. 10.11). A distance of less than 3 mm between the 

lesion and the pelvic sidewall or displacement or en-
casement of iliac vessels is suggestive of pelvic side-
wall invasion (Fig. 10.12). Stage IIC describes ovarian 
cancer as in stage IIA or IIB plus ascites. 

Stage III consists of extrapelvic peritoneal implants 
and/or inguinal or retroperitoneal lymphadenopathy. 
Peritoneal lesions outside the pelvis, omental, or mes-
enteric implants are typical fi ndings in stage III ovar-

Fig. 10.10a,b. Stage I borderline tumor. Coronal (a) and para-
sagittal (b) CT. A 7-cm predominantly solid tumor (asterisk) 
with cystic areas is located in the cul-de-sac. The sagittal plane 
shows broad-based contact to the uterus (b). No evidence 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 classifi ed as FIGO stage Ia

b

a
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ian cancer. Peritoneal tumor spread is characterized 
by peritoneal thickening or lesions projecting from 
the peritoneal surfaces, or lesions that are located 
within the mesentery or the omentum. Stages IIIA–
IIIC differ in the size of abdominal peritoneal lesions. 
In Stage IIIA, tumor is grossly limited to the pelvis; 
however, large amounts of ascites are a sign of upper 
abdominal tumor spread. In stage IIIB, lesion size is 
2 cm or less (Fig. 10.13); in stage IIIC it exceeds 2 cm 
(Fig. 10.5). Retroperitoneal and inguinal lymphade-
nopathy also constitute stage IIIC ovarian cancer. 

Ascites is a common fi nding in stage III disease; de-
layed enhancement of ascites was described as a sign 
of malignant ascites [32]. 

Stage IV ovarian cancer is characterized by dis-
tant metastases that include any location outside 
the pelvis, which is not spread peritoneally. Malig-
nant pleural effusion is the most common clinical 
manifestation of stage IV ovarian cancer. Typical 
imaging fi ndings include pleural effusion associated 
with pleural nodularity and focal pleural thicken-
ing (Fig. 10.14). Hematogenously spread metastases, 

Fig. 10.12. Pelvic sidewall invasion. 
Transaxial CT at the level of the iliac 
bifurcation. A mixed solid and cystic 
adnexal tumor, which was nondifferen-
tiated ovarian cancer at histopathology, 
is located in the pelvis. The left pelvic 
sidewall, including iliac vessels and 
psoas muscle, are 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 displaced, the 
latter is encased by tumor (arrowhead)

Fig. 10.11. Rectal wall invasion. Trans-
axial T2-weighted image. A cystic and 
solid left ovarian cancer (arrow) com-
presses bladder (B) and rectum (R). The 
latter shows broad contact with the solid 
tumor component located in the cul-de-
sac. B, bladder
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Fig. 10.13a,b. Stage IIIb ovarian cancer. Coronal CT at an anterior (a) and posterior level (b) demonstrate a pelvic ovarian mass 
and multiple small implants of the right and left diaphragm (arrows). Other fi ndings include plaquelike and linear thickening of 
the peritoneum along the diaphragm, paracolic gutters, and in the pelvis (b). Because of large amounts of ascites, the peritoneal 
lesions can be well differentiated from adjacent anatomical structures

e.g., in the lung or liver parenchyma, are also typi-
cal manifestations in stage IV disease. It is particu-
larly important to differentiate between liver surface 
metastases, which display smooth margins and an 
elliptic or biconvex shape, from liver parenchymal 
metastases (Fig. 10.15). 

10.6.3.1.2 
Value of Imaging

CT and MRI perform similarly in staging of ovarian 
cancer, with reported accuracy of 70%–90%, sensitiv-
ity of 63%–69% and specifi city of 100% [23, 24, 25, 30, 
33]. The decision to use CT or MRI is based on many 
factors, including cost, availability, contraindications, 
radiologist expertise, and clinician preference. CT is 
currently the primary imaging modality for stag-
ing ovarian cancer because of better availability and 
shorter examination times [24, 30]. Sensitivity for 
metastases declines with implant size less than 1 cm 
in diameter to 25%–50%. MRI may show advantages 
for detecting metastases within the pelvis. Helical CT 
improves the performance, with a reported sensitiv-
ity of 85%–93% and a specifi city of 91%–96% for de-
tection of peritoneal implants [23, 30]. Double-dose 
contrast-enhanced MR imaging including delayed 
images (5 min) may aid in the detection of subtle 
implants. In one study, this technique approximated 
the performance of laparotomy [16]. 

The diagnosis of lymphadenopathy is based on the 
short diameter of detectable lymph nodes. Based on 

a threshold of 1 cm or less in diameter the sensitiv-
ity for lymph node metastases is only 50%, and the 
specifi city is 95% [34]. 

10.6.3.2 
Prediction of Resectability

Cytoreductive surgery followed by chemotherapy is 
the cornerstone for the treatment of advanced ovar-
ian cancer. Tumor debulking is generally considered 
successful or optimal when no residual tumor larger 
than 1–2 cm is left after the initial staging laparotomy 
[4]. A signifi cant benefi t in terms of response to che-
motherapy and survival has been reported only in pa-
tients with residual tumor diameters of less than 2 cm 
[35]. Because of local anatomical limitations despite 
aggressive surgery, optimal cytoreduction rates range 
from 50% to 60%. Neoadjuvant chemotherapy fol-
lowed by surgical debulking has been suggested as an 
alternative treatment approach in patients with bulky 
nonoptimally resectable disease [36]. This treatment 
option, however, is a complex issue and depends on 
the underlying medical condition of the patient, sur-
gical risks, and expertise of the institution. Several 
studies have addressed the role of imaging in pre-
dicting resectability of patients with advanced ovar-
ian cancer [24, 31, 27]. Identifying inoperable disease 
may help the surgeon to select candidates in whom 
chemotherapy seems the appropriate therapy. Resect-
ability, as defi ned by imaging, is a function of location 
and size of peritoneal implants. Most commonly used 

a b
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Fig. 10.14a,b. Stage IV ovarian cancer. 
CT in the pelvis (a) and lower thorax 
(b). At the time of diagnosis, the patient 
presented with bilateral ovarian tumors 
encasing the uterus (a). Furthermore, 
left cardiophrenic lymph node enlarge-
ment and a pleural mass (arrow) were 
found (b). Biopsy of the latter confi rmed 
metastases from ovarian adenocarcino-
ma. No evidence of ascites or peritoneal 
dissemination was found at imaging 
and surgery b

a

criteria indicating suboptimal cytoreduction include 
(a) retroperitoneal presacral implants, (b) lesions in 
the root of the mesentery, extensive disease (larger 
than 2 cm) along the undersurface of the diaphragm 
or lesser sac, liver surface implants in the gall bladder 
fossa, and interhepatic fi ssure, (c) suprarenal para-
aortic lymph nodes, and d) liver parenchymal, pleu-
ral, and pulmonary metastases (Fig. 10.16) [24, 31]. 
Meyer et al. reported that inclusion of other factors 
such as ascites or CA-125 does not improve predic-
tion and also suggested a scoring system [31]. CT 
and MRI performed with equal accuracy in detect-
ing inoperable tumor and prediction of suboptimal 
debulking in ovarian cancer, with reported sensitivity 
of 76%, specifi city of 99%, PPV of 99%, and NPV of 
96% [37]. 

10.6.3.2.1 
Value of Imaging

In the vast majority of patients, surgery remains the 
mainstay for treatment of ovarian cancer. It has been 
established that the maximal dimension of residual 
tumor remaining is an important prognostic factor. 
However, aggressiveness of surgery varies among the 
institutions and specialties. CT and MRI seem equally 
suitable to aid in patient management, especially to 
alert the surgeon to disease that may complicate the 
surgery or to the need of subspeciality assistance. 
Furthermore, imaging may aid in selecting patients 
with bulky unresectable disease who may benefi t 
from neoadjuvant chemotherapy [37]. 
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Fig. 10.15a–c. Spectrum of liver metastases in 
ovarian cancer. Transaxial CT shows multiple 
liver parenchymal metastases (a) and liver 
surface metastases (arrows) (b, c) in differ-
ent patients with ovarian cancer. Liver surface 
metastases are typically crescent-shaped and 
may cause scalloping of the surface of the liver. 
Surface implants may be solid (b) or cystic (c). 
Splenic surface metastases are also found in c, 
which shows a morphology similar to the liver 
implants

a

b

c
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10.6.4 
Tumor Types

Patients with malignant tumors of the ovary and bor-
derline tumors account for 21% and 4% of primary 
ovarian tumors, respectively [12]. Among these, epi-
thelial cancer constitutes for the vast majority with 
85%. Serous epithelial and mucinous ovarian cancer 
account for the majority of epithelial ovarian cancers 
and present approximately 49% and 36% of all ovar-
ian epithelial tumors, respectively [3]. Endometrioid 
cell cancers account for 8%. The other cancers occur 
with equal frequency of 2% [3]. 

Malignant germ cell and malignant stromal neo-
plasm are responsible for 7% each. Germ cell tumors 
represent two-thirds of malignancies in females less 
than 20 years of age. 

Unfortunately, there is a poor correlation between 
the gross appearance on pathology and the histologic 
type, and the aggressiveness cannot be determined 
on the basis of imaging studies. 

10.6.4.1 
Epithelial Ovarian Cancer

10.6.4.1.1 
Serous Ovarian Carcinoma

Serous adenocarcinoma is the most common type of 
ovarian cancer and accounts for approximately half 
of the epithelial ovarian cancers [2]. Two-thirds of 
these tumors involve both ovaries [2]. 

At macroscopy, serous adenocarcinomas appear 
typically as multilocular cystic tumors with intracys-
tic papillary projections. These excrescences fi ll the 
cyst cavity, or they may contain serous, hemorrhagic, 
or turbid fl uid (Fig. 10.17) [2]. Psammoma bodies 
within the tumor or implants, presenting tiny calci-
fi cations, are detected in 30% at histology, but only 
in 12% of cases in CT [38]. In up to 12% of women 
with advanced serous cystadenocarcinomas, the ova-
ries may be small and display predominantly surface 
involvement, warranting the diagnosis of primary 
carcinoma of the peritoneum [2]. 

10.6.4.1.2 
Mucinous Adenocarcinomas 

Mucinous cystadenocarcinomas comprise 36% of 
ovarian carcinomas. They tend to be large at diag-
nosis, and contain loculi with hemorrhagic or pro-
teinaceous contents. Macroscopically, they present 

multiloculated cystic lesions with solid areas and 
intracystic nodules. Rarely, the tumor may be pre-
dominantly solid. Approximately 63% of mucinous 
adenocarcinomas are diagnosed as FIGO stage I tu-
mors. Bilateral involvement is only found in 5%–10% 
[2]. Pseudomyxoma peritonei may be associated with 
mucinous adenocarcinomas. It consists of implants 
of mucinous contents on the abdominal and pelvic 
peritoneal surfaces. 

10.6.4.1.3 
Endometrioid Carcinomas 

Endometrioid carcinomas represent 8% of all ovar-
ian carcinomas. They occur with synchronous endo-
metrial carcinomas or endometrial hyperplasia in 
up to 33% of cases [39]. Furthermore, an association 
with breast cancer has been reported [2]. Rarely, en-
dometrioid carcinoma may arise from endometriosis 
[40]. Bilateral ovarian involvement is encountered in 
30%–50% of cases. Macroscopically, these tumors are 
solid and cystic, the cysts may contain mucinous or 
greenish fl uid. Rarely, solid tumors with extensive 
hemorrhage or necrosis may be found [2]. 

10.6.4.1.4 
Clear Cell Carcinomas

Clear cell carcinomas present approximately 2%–7% 
of all ovarian cancers. Seventy-fi ve percent of pa-
tients are diagnosed with stage I disease; however, 

Fig. 10.16. 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 fi ssure (asterisk) and 
lesser sac (asterisk) are considered nonoptimally resectable
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Fig. 10.17a–c. Serous adenocarcinoma. Transaxial T1-weight-
ed image (a) and sagittal T2-weighted image (b, c). A large 
cystic multiloculated lesion with papillary projections and 
solid components is demonstrated. Most loculi show high 
signal on T1-weighted image (arrow) due to proteinaceous or 
hemorrhagic contents (a). Some locules at the posterior aspect 
show typical hemorrhagic fl uid–fl uid levels (b). Broad-based 
solid areas are identifi ed at the anterior aspect of the lesion 
(b, c) and papillary projections are seen within some small 
posterior loculi (c)

the prognosis is worse compared to stage I of the 
other histologic subtypes [2]. The relationship with 
endometriosis is strongest (25%) among the ovarian 
cancers. The tumor may arise within endometriosis 
(Fig. 10.18), or endometriotic implants may be found 
commonly in relationship to the tumor or elsewhere 
in the pelvis [2]. Hypercalcemia as a paraneoplastic 
syndrome and thromboembolic complications are 
more common than in other ovarian cancers [41]. 
Most common gross appearance is a thick-walled 
unilocular cyst with multiple protruding nodules or 
a multilocular cystic mass (Fig. 10.19) [2]. 

Imaging Findings of Epithelial Ovarian Cancers

Epithelial ovarian cancers are typically larger than 
4–5 cm at time of presentation. On CT and MRI, they 

present as a complex cystic or multiloculated ovarian 
lesion. Although differentiation between the subtypes 
is not reliably possible by imaging, there might be 
some differential diagnostic clues. Bilateral ovarian 
involvement is typically found in serous cystadeno-
carcinomas, which is the most common ovarian can-
cer; rarely is it encountered in endometrioid cancer. 
Psammoma bodies, which can only be detected on CT, 
are characteristic of serous ovarian cancers. Enhance-
ment of a mural nodule within an endometrioma is 
highly suggestive of a malignant ovarian neoplasm. 
Endometriosis is associated with endometrioid, and 
especially with clear cell cancer. The latter appears 
most commonly as a large unilocular cyst with one 
or more solid mural nodules [42]. In endometrioid 
ovarian cancer, endometrial thickening or abnormal 
uterine bleeding can also be found.

a

c
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Differential Diagnosis 

Benign serous and mucinous cystadenomas are usu-
ally entirely cystic and display thin walls and septa. 
Small papillary projections may also be present in 
cystadenomas. Metastases, particularly from primary 
cancer of the appendix or gastrointestinal tract may 
display similar imaging characteristics as ovarian can-
cer. Calcifi cations may also be present in metastases of 
mucinous adenocarcinoma of the colon and papillary 
thyroid cancer [39]. Malignant ovarian tumors of other 
origins may display similar imaging characteristics 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., cystad-
enofi broma (Fig. 10.20) and rarely dermoids without 
fat. Mesothelioma and papillary serous carcinoma of 
the peritoneum may have an appearance similar to 
ovarian cancer. Normal size of the ovaries may be a 
diagnostic clue to exclude ovarian cancer. In case of 

Fig. 10.18a–c. 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 dem-
onstrated 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 posterior 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 (asterisk)

Fig. 10.19. Clear cell carcinoma. Parasagittal T2-weighted im-
age shows a large, well-delineated cystic ovarian lesion cepha-
lad of the bladder (B), which extends to the midlumbar region. 
At its anterior wall, broad-based protruding nodules (arrow) 
with a thickness of more than 2 cm are demonstrated, a typical 
fi nding of an ovarian malignancy. Courtesy of Dr. M.T. Cunha, 
Lisbon
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extensive peritoneal disease, differentiation of ovar-
ian cancer from extraovarian pelvic tumors may be 
diffi cult, especially by CT. In the majority of cases, tu-
boovarian abscesses can be distinguished from ovar-
ian cancer based upon imaging and clinical fi ndings. 
Endometriomas can be differentiated by MRI by typi-
cal fi ndings such as shading, thick capsules, and lack 
of enhancing solid components. However, especially 
in CT, extensive endometriomas may be a diagnostic 
problem and mimic ovarian cancer (Fig. 10.21).

10.6.4.1.5 
Borderline Tumors

Borderline tumors are epithelial ovarian cancers with 
low malignant potential. They account for approxi-
mately 4%–14% of all ovarian malignancies and pres-
ent a different entity from invasive epithelial cancers. 
Serous and mucinous borderline tumors can be dis-
tinguished by specifi c histologic features including 
epithelial budding, multilayering of the epithelium, 
increased mitotic activity, nuclear atypia, and lack of 
stromal invasion cancer [2]. 

The medium age is 40 years, which is approxi-
mately 20 years earlier than for women with epithe-
lial ovarian cancers. Compared to epithelial ovarian 
cancer, the survival rate stage for stage is much better. 
A 7-year follow-up of survival of stage I diseases was 
99% and for stage II and III disease 92% [4].

Borderline tumors may be large, with diameters 
ranging from 7 to 20 cm; bilaterality is common. 
Mucinous tumors of borderline malignant potential 
tend to be larger, and may be associated with pseudo-
myxoma peritonei. 

Imaging Findings

Borderline tumors tend to be large unilateral or bi-
lateral ovarian tumors that cannot be distinguished 
from invasive ovarian cancers in CT or MRI. Papil-
lary projections ranging from 10 to 15 mm in size 
and protrude into the cyst wall are more frequently 
found in borderline tumors compared to benign and 
malignant epithelial ovarian tumors (Fig. 10.22) [22]. 
Rarely, borderline tumors may present as a unilocular 
cyst larger than 6 cm in size [43]. 

Fig. 10.20a–c. Cystadenofi broma mimicking ovarian can-
cer. Transaxial T1 (a) WI, sagittal T2-weighted image (b), 
and transaxial contrast-enhanced T1-weighted image with 
FS (c). In a 77-year-old female, a multiseptate right adnexal 
mass (arrow) is demonstrated with multiple hemorrhagic 
proteinaceous loculi showing high SI on the T1-weighted 
image (a) and irregular septa of very low SI on T2-weighted 
image (b). Only little discrete septal enhancement is found 
after contrast administration

a
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10.6.4.1.6 
Recurrent Ovarian Cancer

Although the initial response to treatment is good, 
persistence or recurrence of ovarian cancer remains 
a major problem. This is refl ected by the 5-year sur-
vival rate for patients with advanced stages of ovarian 
cancer of 10%–30% [15]. 

Survival correlates with the disease-free interval 
before tumor recurrence and the residual disease 
following primary cytorective surgery [4, 44]. Pa-
tients who have a disease-free interval of more than 
6 months or 1 year have a markedly improved prog-
nosis. These patients have also been shown to benefi t 
from following secondary cytoreductive surgery [4]. 

Pelvic recurrences develop after an average of 
1.8 years, and hematogenous metastases (liver, spleen, 
lungs, and brain) after an average of 2.5 years [29]. 
The pelvis, particularly the vaginal 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. Because of 
the surgical technique, omental recurrence is rare. 
This is also true for pelvic lymph node metastases in 
recurrent ovarian cancer. Lymph node metastases are 
typically located in the para-aortal region and found 
in 18%–33% (Fig. 10.23) [29]. Small- and large-bowel 
obstruction is a common complication in patients 
with recurrent ovarian cancer and presents the lead-
ing cause of mortality.

Unlike in primary ovarian cancer, recurrent ovar-
ian cancer is not strongly associated with ascites. 
In one study, ascites was only found in 38% of pa-
tients with ovarian cancer, and in the vast majority 
the amount of fl uid detected was small. Furthermore, 
small amounts of ascites were also demonstrated in 
patients without evidence of tumor recurrence [45]. 

Serum tumor markers (CA-125) are pivotal in the 
follow-up of patients with a history of ovarian cancer. 
A rising CA-125 level in a patient in a clinically com-
plete remission is highly predictive of recurrence. 
However, this may precede the median time to physi-
cal or radiographic evidence of recurrent disease by 
4–6 months [4]. 

Fig. 10.21a,b. Endometrioma mimicking ovarian cancer in CT. Coronal (a) and sagittal CT (b). In a 47-year-old woman with el-
evated tumor markers, a multicystic mass with a diameter of 25 cm occupies the pelvis and midabdomen. 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 peritoneum was found. Furthermore, mural wall thickening 
of the rectum and sigmoid colon by endometriosis (arrowhead) and thickening of the uterine corpus due to endometriosis 
was detected (b)

a b
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Fig. 10.22a–c. Borderline tumor of the left ovary. Coronal T1-
weighted image (a), T2-weighted image (b) and contrast-en-
hanced T1-weighted image (c) with fat saturation. A well-de-
lineated multilocular cystic lesion is seen in the left cul-de-sac 
displacing the rectum. The loculi contain fl uid of high protein-
aceous content (a) and papillary projections (arrow) (b, c). The 
latter are murally located and display low SI on T2-weighted 
image (b) and contrast enhancement (c). Papillary projections 
are more frequently found in borderline tumors than in inva-
sive ovarian cancers. Courtesy of Dr. K. Kinkel, Geneva

a

c
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Fig. 10.23a,b. Ovarian cancer recurrence. Coronal CT scans (a, b) in a patient with advanced recurrent clear cell cancer show 
multiple, predominantly cystic peritoneal implants throughout the abdomen and pelvis. The liver surface is compressed by 
surface implants (asterisk) (a, b). Multiple enlarged lymph nodes are seen in the right pelvis and root of the mesentery (b). 
Associated fi ndings in this case include bilateral pleural effusion and a thrombus in the left femoral vein

ba
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Imaging Findings

Recurrent ovarian cancer most frequently presents 
as solid, followed by mixed solid and cystic lesions 
located within the pelvis (Fig. 10.23). Entirely cystic 
lesions are rarely found [45]. In CT, recurrent disease 
usually displays moderate contrast enhancement. In 
MRI, the imaging fi ndings depend on the morphology 
of the lesions. Usually smaller lesions display low to 
intermediate SI on T1-weighted images and interme-
diate to high SI on T2-weighted images (Fig. 10.24). 
Contrast-enhanced images improve characterization 
of the architecture of the lesions and facilitate the de-
tection of small peritoneal surface lesions, especially 

their differentiation from bowel loops. Diffuse or fo-
cal peritoneal enhancement presents carcinosis peri-
tonei. The pattern of peritoneal involvement is similar 
to primary ovarian cancer, with diffuse thin lining of 
the peritoneal surfaces 2–5 mm thick to plaquelike 
lesions or nodules emerging from the peritoneal sur-
faces. Diffuse ascites is found less commonly in local-
ized recurrent ovarian cancer and presents usually a 
sign of diffuse peritoneal recurrent disease. Omen-
tal caking is usually encountered only in patients 
who had received primary chemotherapy treatment. 
Small-bowel obstruction is a common complication 
as ovarian cancer advances and occurs in 5%–42% of 
ovarian cancer cases [46]. Signs of malignant bowel 

Fig. 10.24a,b. Recurrent ovarian cancer. 
Transaxial T1-weighted image (a) and 
T2-weighted image (b) at the level of the 
vaginal stump. In a patient with a his-
tory of surgery and chemotherapy for 
ovarian cancer, rising tumor markers 
were found. The vaginal stump is unre-
markable; however, a focal nodular sur-
face lesion of the left rectal wall (arrow) 
is demonstrated, which is protruding 
minimally into the mesorectal fat. This 
metastasis was the only manifestation of 
recurrent ovarian cancer

a
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obstruction include bowel dilatation, an obstructing 
mass, focal mural thickening, and peritoneal carci-
nomatosis [46]. A pseudo-small-bowel obstruction 
pattern can mimic small-bowel obstruction. It is typi-
cally encountered late in the course of the disease 
and is caused by tumor infi ltration of the myenteric 
plexus of the small bowel [4].

Secondary cytoreduction, which is usually per-
formed in pelvic recurrence, is only considered success-
ful when complete resection without a residual tumor is 
possible. Preoperatively, it is crucial to assess pelvic side 
wall invasion rather than tumor size [44]. Pelvic side-
wall invasion can be excluded when the tumor shows a 
distance of 3 mm or more to the pelvic sidewall and no 
involvement of the iliac vessels is found [24]. 

Differential Diagnosis

Not every solid lesion in a postoperative patient 
means ovarian cancer recurrence. The combination 
of CA-125 and a baseline imaging study usually aids 
in the differential diagnosis. Postoperative hemato-
mas, adhesions between bowel loops, or localized 
trapped fl uid may mimic recurrent disease. Benign 
forms of diffuse peritoneal thickening such as a re-
sult of postoperative infl ammatory complications or 
bacterial peritonitis cannot be differentiated from 
peritonitis carcinomatosa. Furthermore, chemical 
peritonitis following intraperitoneal chemotherapy 
also results in diffuse peritoneal thickening [32]. 

Value of Imaging

Second look surgery no longer plays a role as a rou-
tine procedure in the follow-up of ovarian cancer. 
Tumor markers, particularly CA-125, play a pivotal 
role in monitoring patients with ovarian cancer. Im-
aging in conjunction with this tumor marker is used 
to assess disease progression and response to therapy. 
Baseline examinations after surgery or before che-
motherapy have been advocated to allow an objective 
follow-up [47]. However, in many institutions imag-
ing is only performed when tumor markers persist 
or increase, or when the patients present with clinical 
symptoms. The exact assessment of the location and 
volume of recurrent ovarian cancer by imaging has a 
direct impact on patient management. Only patients 
with recurrent resectable pelvic disease may be con-
sidered as candidates for a secondary cytoreductive 
surgery. Furthermore, patients can be selected who 
will benefi t from a relieving colostomy [4]. Among 
the imaging modalities, CT has been widely used for 

the assessment of recurrent ovarian cancer. MRI may 
assist in predicting tumor respectability, particular-
ly in the pelvis. Recently, excellent performance has 
been reported for MRI in predicting the presence of 
residual ovarian tumors, comparable to the perfor-
mance of laparotomy and superior to CA-125 values 
[16]. Abnormal MRI fi ndings with a normal CA-125 
value is a strong indicator of residual or recurrent 
tumor [16]. FDG PET or integrated PET/CT plays an 
increasing role in the assessment of recurrent ovarian 
cancer. It is particularly useful in assessing persistent 
ovarian cancer and serves as a complementary imag-
ing technique when tumor markers are rising and CT 
or MRI fi ndings are inconclusive or negative [48]. 
It seems superior to the other imaging techniques 
in assessing small implants within the mesentery or 
bowel surface [49]. 

10.6.4.2 
Nonepithelial Ovarian Malignancies 

10.6.4.2.1 
Malignant Germ Cell Tumors

Malignant germ cell tumors of the ovary are much 
less common than epithelial ovarian neoplasms. Al-
though germ cell ovarian malignancies account for 
2%–3% of all ovarian malignancies, their clinical im-
portance is based upon their potential for cure and 
the typical age distribution [4]. 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 
unilateral growth [50]. 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 metasta-
ses, and liver and lung involvement can be observed 
at diagnosis. Ascites is only found in approximately 
20% of cases [4]. Serum levels of HCG and AFP may 
assist in the diagnosis and follow-up of some germ 
cell tumors. 

Malignant germ cell tumors comprise, in order 
of decreasing frequency, dysgerminomas, immature 
teratomas, endodermal sinus tumors, and embryo-
nal and nongestational choriocarcinomas. The lat-
ter three are extremely rare. In these patients, tumor 
markers may be helpful for assessing response and 
tumor recurrence. Endodermal sinus tumors secrete 
AFP. Embryonal carcinomas can secrete both AFP 
and HCG, whereas pure choriocarcinomas secrete 
only HCG [4]. 
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10.6.4.2.2 
Dysgerminomas

Dysgerminomas present the most common type of 
malignant germ cell tumors and have been consid-
ered the female equivalent of seminoma of the testis. 
Seventy-fi ve percent occur in early reproductive age, 
10% in prepubertal girls, and 15%–20% are diag-
nosed during pregnancy or postpartally [51]. The 
vast majority of patients with dysgerminomas are 
diagnosed with early-stage disease. In contrast to the 
other germ cell tumor types, dysgerminomas may 
also occur bilaterally. 

Imaging Findings

Dysgerminoma presents as a multilobulated, well-
delineated solid lesion. In CT, speckled calcifi cations 
may be observed. Furthermore, they may contain low 
attenuation areas representing necrosis or hemor-
rhage. Contrast-enhanced CT may also demonstrate 
strongly enhancing fi brovascular septa. In MRI, the 
tumor displays low signal intensity on T1-weighted 
images and intermediate signal with low SI septa 
and high signal intensity areas of necrosis on T2-
weighted images (Fig. 10.25). As in CT, intralesional 
septa may display strong enhancement [52]. 

Differential Diagnosis

Differential diagnosis includes solid ovarian tumors 
in younger age, e.g., granulosa cell tumors and terato-
mas. In MRI, uterine fi broma and fi brothecoma may 
display a similar appearance on T2-weighted images; 
however, contrast enhancement in these tumors is 
less and delayed. Especially in CT, differentiation of 
subserosal uterine fi broids from solid dysgermino-
mas is not possible.

10.6.4.2.3 
Immature Teratomas

Immature teratomas or malignant teratomas are the 
second most common germ cell malignancies. They 
may rarely be encountered in postmenopausal wom-
en. The typical age group is the same as in dermoid 
cysts, typically young women between 10 and 20 years 
of age. 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 predomi-
nantly solid tumors with cystic elements and areas 

of fat and calcifi cations. Immature teratomas are as-
sociated with dermoid cysts, more commonly in the 
ipsilateral (26%) than in the contralateral ovary [53]. 
Immature teratomas 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 
in these patients [53]. Immature teratomas may also 
rarely produce steroids and cause pseudoprecosity in 
prepubertal girls [54].

Imaging Findings

The appearance is variable with heterogenous, pre-
dominantly solid lesions or cystic or mixed solid and 
cystic lesions with scattered or coarse calcifi cations 
or hemorrhage [55, 56]. In CT, punctate foci of fat 
and calcifi cations are diagnostic clues for the pres-

Fig. 10.25. Dysgerminoma of the right ovary. Sagittal T2-
weighted image with FS. In an adolescent, a large, well-delin-
eated solid lesion is located cranially and anterior of the uterus 
(U). It displays predominantly low to intermediate SI on the 
T2-weighted image. Centrally a region of high signal is seen 
presenting necrosis; furthermore, multiple septa (arrows) of 
low SI can be identifi ed. The lesions showed intense homog-
enous contrast enhancement (not shown) and small central 
necrosis. Small amount of ascites is found between bladder 
and the tumor. Courtesy of Dr. T.M. Cunha, Lisbon
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ence of a teratoma [55]. In case of cystic lesions, they 
are typically fi lled with serous fl uid and may rarely 
contain fatty sebaceous material [56]. In MRI, small 
foci of fat with high SI on T1 (Fig. 10.26) and signal 
loss on the fat sat sequence are typically found [56]. 
Capsule penetration allows the differentiation from 
a mature teratoma [50]. 

Differential Diagnosis

The presence of fat is the diagnostic clue for the diag-
nosis of teratomas. Immature teratomas are usually 
large at presentation. In contrast to the majority of 
benign teratomas, which are cystic, malignant tera-
tomas tend to be predominantly solid with small foci 
of fat and scattered calcifi cations. Elevation of alpha 1 

fetoprotein assists in establishing the diagnosis, and 
is found in 33%–65% of immature teratomas [56]. 
Concomitant mature and immature teratomas occur 
in approximately 20% of cases. If no fat is identifi ed 
immature teratoma cannot be differentiated from 
ovarian cancer. 

10.6.4.2.4 
Sex Cord Stromal Tumors

Sex cord stromal tumors derive from coelomic epi-
thelium or mesenchymal cells of the embryonic go-
nads [54]. Eight percent of all ovarian neoplasms 
account for this tumor type, with granulosa cell tu-
mors, fi brothecomas, and Sertoli-Leydig cell tumors 
comprising the majority of these tumors. In contrast 

Fig. 10.26a,b. 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 ovar-
ian lesions. The left tumor (asterisk) 
represents a benign dermoid with pre-
dominantly fatty tissue. Posteriorly an 
inhomogeneous mixed solid and cystic 
lesion (arrow) with small hemorrhagic 
loculi is seen, which is better identifi ed 
on the T2-weighted image (b). The tiny 
spots of high SI on T1-weighted image 
represent areas of fat (arrow, a)
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to the benign fi brothecomas, granulosa cell tumors 
are classifi ed as tumors of low-grade malignancy. 
Sertoli-Leydig cell and steroid tumors may be malig-
nant depending on the degree of differentiation [54]. 
Sex cord stromal tumors affect all age groups, but are 
commonly encountered in peri- and postmenopausal 
women [57]. Their clinical and differential diagnostic 
importance is based upon their hormone activity. 
Granulosa cell tumors may typically produce estro-
gens; Sertoli-Leydig cell tumors and steroid cell tu-
mors are androgen-producing tumors. The majority 
of sex cord stromal tumors are confi ned to the ovary 
at the time of diagnosis [58]. 

10.6.4.2.5 
Granulosa Cell Tumors

Granulosa cell tumors are classifi ed as neoplasm of a 
low-grade malignancy. Two subgroups of granulosa cell 
tumors, the juvenile and adult subtype, which differ in 
several important aspects, can be differentiated. Adult 
granulosa cell tumors account for 1%–2% of all ovarian 
tumors and for 95% of all granulosa cell tumors [54]. 
Granulosa cell tumors are the most common ovarian 
tumors with estrogen production. Juvenile granulosa 
cell tumors are hormonally active in 80% and occur 
typically before the age of 30. The vast majority are 
found in prepubertal girls who present with the signs of 
precocious pseudopuberty with development of breasts 
and pubic and axillary hair. An association with Ollier’s 
disease (enchondromatosis) and Maffucci’s syndrome 

Fig. 10.27. Late recurrence of granulosa 
cell tumor. Transaxial T2-weighted im-
age in a 45-year-old patient with a his-
tory of hysterectomy and resection of 
a granulosa cell tumor 16 years before. 
Recurrent granulosa cell tumor is iden-
tifi ed as a solid and cystic lesion above 
the vaginal vault. The right border is well 
defi ned, the left posterior margin shows 
irregular contours (arrow) extending 
to the posterior pelvic sidewall. Small 
amounts of ascites are demonstrated 
in the pelvis. At surgery, invasion of the 
iliac internal vessels was confi rmed

(enchondromatosis and hemangiomatosis) has been 
reported in some cases [54]. 

The adult granulosa cell tumors usually occur af-
ter the age of 30 years and have their peak incidence 
in the perimenopausal age [54]. Because of their es-
trogen activity, they can become clinically apparent 
with abnormal uterine bleeding and endometrial 
hyperplasia. Endometrial cancer is associated with 
these tumors in 5%–25% of cases [58]. Both types of 
granulosa cell tumors are typical unilateral ovarian 
tumors that vary considerably in size and show an 
average diameter of approximately 12 cm [54]. 

In adult granulosa cell tumors, late recurrence years 
after the initial therapy tumor manifestation may be 
seen. The recurrent tumor is typically confi ned to the 
pelvis and abdomen (Fig. 10.27). However, distant 
metastases to the bone, supraclavicular lymph nodes, 
liver, and lungs have been reported [29]. 

Imaging Findings

Granulosa cell tumors can display a broad spec-
trum from entirely cystic to completely solid ovar-
ian lesions (Fig. 10.28) [22]. The latter may display 
homogenous contrast enhancement and high SI on 
T2-weighted images. They may also manifest as a 
solid and cystic neoplasm, and cysts may contain 
hemorrhagic fl uid. The adult type of granulosa cell 
tumor manifests mostly as a predominantly sponge-
like cystic multilocular tumor with blood clots and 
solid tissue [59].
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10.6.4.2.6 
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 [57]. Less than 10% are found in women 
over 50 years of age [54]. Although virilization 
caused by androgen production is the most strik-
ing clinical feature, it occurs in only one-third of 
patients [54]. 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 are diagnosed as 
stage I disease. They vary in size between 5 and 
15 cm (average, 13.5 cm). Some of these tumors, 
however, may be very small and diffi cult to detect 
by imaging, although they cause hormonal effects 
[60]. Depending upon the degree of differentiation, 
1%–59% of Sertoli-Leydig cell tumors were malig-
nant in one series [54]. In contrast to granulosa cell 
tumors, Leydig cell tumors tend to recur typically 
within the 1st year after surgery. 

Imaging Findings

Sertoli-Leydig cell tumors vary greatly in gross ap-
pearance. They tend to be solid, sometimes lobulated 
masses. They may also appear as predominantly solid 
masses often with peripheral cysts or as a cystic le-
sion with polypoid mural structures [57]. Cysts may 
display a slightly high signal intensity on T1-weighted 
images. The solid components display intermediate 
to high SI on T2-weighted images and good contrast 

enhancement in MRI and CT [22]. Rarely, these tu-
mors may manifest as a cystic lesion [60]. Less dif-
ferentiated types of Sertoli-Leydig cell tumors tend 
to display an inhomogenous architecture with areas 
of necrosis and hemorrhage. 

10.6.4.2.7 
Ovarian Lymphoma

Although the ovaries are not infrequently found to be 
involved by malignant lymphoma at autopsy, enlarge-
ment of the ovaries is rare. Less than 1% of patients 
with lymphoma initially present with unilateral or 
bilateral ovarian tumors [61]. Ovarian lymphoma is 
almost always a manifestation of a systemic disease, 
most commonly of B-cell lymphomas. Primary lym-
phoma of the ovary without lymph node or bone 
marrow involvement is extremely rare. It is encoun-
tered most commonly in premenopausal women.

Imaging Findings

Lymphomas appear as unilateral or more commonly 
as bilateral ovarian solid, often homogenous mass-
es without ascites [62]. In CT, they appear as well 
defi ned solid masses with mild contrast enhance-
ment. In MRI, they display intermediate signal on T1 
and low to intermediate SI on T2-weighted images. 
Similar to CT, mild contrast enhancement is noted 
(Fig. 10.29).

Differential Diagnosis

Ovarian cancer may resemble ovarian lymphoma. 
Bilateral involvement is most commonly found in 

Fig. 10.28. Juvenile type of granulosa 
cell tumor. CT in a 17-year-old girl who 
presented with primary amenorrhea. 
A large, well-defi ned cystic ovarian tu-
mor with multiple irregular septations 
and solid areas is demonstrated in the 
midpelvis. Small amounts of ascites (as-
terisk) without evidence of peritoneal 
seeding at surgery



  CT and MRI in Ovarian Carcinoma 259

serous, undifferentiated ovarian cancers, and in bor-
derline tumors. Ovarian cancer displays a heterog-
enous architecture, typically with solid and cystic 
elements. Furthermore, signal intensity on the T2-
weighted image is often very high, and ascites is found 
in the majority of cases. Metastases may also present 
as a unilateral or bilateral solid ovarian masses. They 
usually display strong contrast enhancement and 
central necrosis or cysts. Clinical history, evidence 
of multiple lymph nodes, and splenomegaly support 
the diagnosis of lymphoma. 

10.6.4.3 
Ovarian Metastases

Approximately 5%–15% of malignant ovarian tumors 
are metastases to the ovaries. Colon, stomach, breast, 
and lymphoma are the most commonly encountered 
neoplasm to metastasize to the ovaries. Metastases 
from numerous other sites including melanoma, en-
dometrial cancer, cancer of the pancreas, gallbladder, 
and carcinoid account for less common sources for 
ovarian metastases [63]. Ovarian metastases seem 
more common in premenopausal women because of 
higher vascularity of the ovaries in this age group, 
and they may be associated with hormonal activity 
[63]. Although metastases may occur unilaterally (es-
pecially in endometrial cancer), bilateral involvement 
is more typical and occurs in up to 75% of cases [14]. 
Approximately 50% of ovarian metastases consist of 
Krukenberg tumors, which display characteristic 

features at histopathology and imaging. Krukenberg 
tumors originate from the stomach, gastrointestinal 
tumors, or the breast, and contain mucin-secreting 
signet ring cells surrounded by ovarian stroma. Com-
pared to other neoplasms, Krukenberg tumors have 
a fourfold risk to metastasize into the ovaries. In pa-
tients with a history of Krukenberg tumors, complex 
ovarian tumors should be highly suspicious of me-
tastases. In a multicenter study assessing 86 patients 
with primary ovarian and 24 patients with secondary 
cancers, only multilocularity favored the diagnosis of 
a primary ovarian cancer [64]. 

Ovarian metastases are often asymptomatic. They 
may rarely even precede the primary neoplasm. In 
general, ovarian metastases are associated with a 
poor prognosis and the majority of patients will die 
within the fi rst year after detection [54].

10.6.4.3.1 
Imaging Findings 

On imaging, two types of ovarian metastases may 
be differentiated [14]. Krukenberg tumors display 
characteristic imaging features that typically include 
bilateral oval or kidney-shaped tumors, which tend 
to preserve the contour of the ovary. 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 (Fig. 10.30) [65, 66]. In CT and 

Fig. 10.29a,b. Ovarian lymphoma in a child. Contrast-enhanced T1-weighted image in the midpelvis (a) and coronal T2-weighted 
image (b) Non-Hodgkin lymphoma only confi ned to the left ovary presents as a large solid mass (arrow) with moderate contrast 
enhancement (a) and inhomogenous low to intermediate SI on T2-weighted image (b)

ba
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contrast-enhanced MRI, they tend to show strong 
enhancement of solid components or septations. 

Metastatic cancers different from Krukenberg 
tumors may have a variable appearance resembling 
other malignant ovarian lesions with cystic and 
mixed cystic and solid patterns [64, 67]. 

Colon cancer metastases commonly present as uni-
lateral or bilateral, multiloculated, predominantly cystic 
tumors (Fig. 10.31) [63]. Presence of nodules or multi-
nodularity at the ovarian surface may also be a sign of 
metastatic ovarian involvement. Ascites may be present. 

The presence of another tumor outside the ova-
ries should warrant the diagnosis of metastases to the 
ovaries if the pattern of spread is atypical for ovarian 
cancer. In particular, the presence of pulmonary and 
hepatic metastases in absence of extensive peritoneal 

spread is unusual for ovarian cancer and favors an-
other primary neoplasm [54]. 

10.6.4.3.2 
Diff erential Diagnosis

Confi dent distinction between primary and meta-
static ovarian cancers is not possible because of 
overlapping fi ndings in imaging. Bilateral, sharply 
delineated, purely solid or predominantly solid tu-
mors with necrosis strongly favor the diagnosis of 
a metastatic ovarian tumor, most likely Krukenberg 
tumors [68]. Contrast uptake aids in the differen-
tiation of solid ovarian metastases from stromal tu-
mors. Stromal tumors typically display a mild and 
delayed contrast uptake [69]. If metastases are cystic 

Fig. 10.30a,b. Bilateral Krukenberg tu-
mors. Contrast-enhanced T1-weighted 
image (a) and T2-weighted image (b) 
show bilateral ovarian lesions with the 
typical imaging features of Krukenberg 
tumors. These include lobulated solid 
lesions with central necrosis (asterisks), 
which display strong contrast enhance-
ment (a) and low SI of the solid com-
ponents on T2-weighted image (b).The 
lesions are well delineated due to ascites. 
R, rectum. U, uterus. Courtesy of Dr. A. 
Heuck, Munichb
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and hemorrhagic, they may resemble endometrio-
mas, which also occur in younger women. However, 
distinct contrast enhancement is not found in endo-
metriomas. Abscesses usually present with different 
clinical features than the clinically silent metastases.

10.6.4.4 
Fallopian Tube Cancer

Primary malignant neoplasms of the fallopian tube are 
extremely rare and account for only 0.3%–1.1% of all 
gynecologic cancers [4]. Most fallopian tube carcino-
mas present as papillary serous adenocarcinomas. The 
intraperitoneal spread of fallopian tube carcinomas is 

similar to that of epithelial ovarian cancer. However, 
there seems to be a higher propensity for distant metas-
tases [4]. In contrast to ovarian cancer, the majority of 
patients with tubal carcinoma are diagnosed at an early 
stage. Because of pain caused by tubal distension or 
abnormal uterine bleeding, tubal cancer often becomes 
clinically apparent early. Most fallopian tube cancers 
arise from the ampullary part of the fallopian tube and 
may cause tubal occlusion. In approximately 50% of all 
cases, fallopian tube cancer resembles hydrosalpinx and 
is often mistaken as such at surgery [70]. 

10.6.4.4.1 
Imaging Findings

A unilateral adnexal complex cystic or solid mass 
associated with hydrosalpinx is the most common 
fi nding. CT and MR demonstrate complex solid and 
cystic enhancing masses similar to ovarian cancer. 
A cystic tubular structure with interdigitating septa 
adjacent to the mass represents the dilated tube. Sig-
nal intensity on T1 and T2 higher than serous fl uid 
suggests hematosalpinx. Occasionally, focal nodular-
ity within a hydrosalpinx may be found in fallopian 
cancer. Common associated fi ndings are distension 
of the uterine cavity and ascites [70]. Peritoneal me-
tastases are similar to those in ovarian cancer. Lymph 
node metastases may be found more often than in 
ovarian cancer. 

10.6.4.4.2 
Diff erential Diagnosis

Primary ovarian cancers cannot be reliably differ-
entiated from fallopian tube cancers; however, the 
latter are exceedingly rare. In presence of associated 
hydrosalpinx, tubal cancer may mimic ovarian cancer 
with cystic and solid components. Especially with 
T2-weighted images, however, identifi cation of the 
cystic areas representing the loops of the distended 
tube is usually possible. Metastases to the fallopian 
tubes, which result most commonly from direct ex-
tension of gynecologic cancers, cannot be reliably 
differentiated from primary fallopian tube cancers. 
Rarely, leiomyomas of the fallopian tube may be en-
countered, which resemble ovarian stromal tumors 
or fi broids of the broad ligament.

Fig. 10.31. Metastases from colon cancer. Sagittal CT shows a 
well-delineated mixed cystic and solid ovarian mass (arrow), 
which abuts the uterus fundus and elevates small bowel loops. 
No ascites was found in the pelvis or abdomen. In this patient 
with stage T4 colon cancer, differentiation of metastasis from 
ovarian cancer is not possible by imaging
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The precise aetiology and pathogenesis of en-
dometriosis remain largely unknown despite intense 
research in this fi eld. Retrograde menstrual bleed-
ing, subtle immunologic disturbances, hormonal and 
cytokine milieu imbalance, genetic predisposition, 
embryologic remnants, lifestyle, environmental fac-
tors and/or coelomic metaplasia may all play a role. 
Whatever the causes, the effects of the disease may be 
mentally and physically debilitating. Since lesion sites 
and appearance are numerous and symptoms not very 
specifi c, onset of symptoms to precise diagnosis may 
unfortunately average 6 years or even more [22]. So 
far, surgical intervention remains the gold standard to 
allow proper visual assessment and biopsy of lesions 
for histology identifi cation of ectopic endometrial 
glands and stroma, thus allowing proper diagnosis, 
staging and treatment modalities. However, the devel-
opment of noninvasive diagnostic techniques may be 
crucial preoperatively and postoperatively. This could 
lead preoperatively to a more accurate description of 
endometriosis lesion extension and their potential 
impact on adjacent anatomical structures, allowing 
a better surgical strategy and treatment after obtain-
ing proper informed consent by the patient. Postop-
eratively, early detection of endometriosis recurrence 
may prove useful to medical treatment follow-up. Thus, 
the development of noninvasive diagnostic techniques 
will greatly help clinical and basic research, leading to 
a better understanding of the natural history and fu-
ture management of endometriosis.

11.2 
Imaging Techniques and Findings

11.2.1 
Sonography

Ultrasound remains the most easily accessible and 
initial imaging technique of choice to diagnose en-

11.1 
Introduction

Endometriosis is among the most common disorders 
associated with pelvic pain (dysmenorrhea, dyspareu-
nia, dysuria, dyschezia and/or cyclical haematochezia) 
and infertility, although it may be asymptomatic. 
The prevalence estimates of endometriosis vary by 
population selection, mode of diagnosis, surgeon’s 
training and thoroughness of investigations. Among 
women seeking tubal ligation, endometriosis preva-
lence ranges from 2% to 18% [1, 2]. Within infertile 
populations, it ranges from 5% to 50% [3–7] and in 
pelvic pain clinics from 5% to 21% [3–6]. Endome-
triosis lesions may be active or inactive, superfi cial 
or deep infi ltrating. It affects primarily the female 
pelvis (peritoneum, ovaries, tubes, uterus, bladder, 
colon, ureters and rectovaginal septum) but may be 
seen in uncommon sites such as diaphragm [8–9], 
lungs [10–13], peripheral nerves and brain [14–18]. 
Subtle endometriosis lesion recognition increased 
from 15% in 1986 to 65% in 1988 [19–20]. An in-
creased awareness of the variations in the appear-
ance of endometriosis lesions has resulted in almost 
a twofold increase in the diagnosis of endometriosis 
at laparoscopy [21].
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dometriomas and other sites of endometriosis. For 
the diagnosis of endometrioma, transabdominal 
and transvaginal ultrasound of the pelvis helps to 
identify and confi rm a persistent hypoechoic ovar-
ian cyst, with low-level internal echos demonstrating 
no intracystic colour Doppler fl ow [23] (Fig. 11.1a). 
Among the nonfunctional neoplastic cysts, the dif-
ferential diagnosis include dermoid cyst containing 
more echogenic portions with layered lines and dots 
and posterior shadowing [24, 25]. Mucinous cystad-
enoma are often hypoechoic with internal low-level 
echos but no menstrual cycle-related pain [26]. When 
endometriomas present atypical features such as mu-
ral nodules related to blood clots, contrast-enhanced 
MRI is useful to confi rm the diagnosis of endometri-
oma without mural enhancement and to exclude the 
possibility of associated ovarian cancer [27]. Ultra-
sound may identify other sites of endometriosis such 
as abnormal nodules in the vesicouterine pouch or 
the bladder wall, suggesting bladder endometriosis 
[28, 29]. However the value of ultrasound in diagnos-
ing posterior lesions of endometriosis, such as hyp-
oechoic nodules of the uterosacral ligaments, rectal 
or vaginal wall or retrocervical lesions are more dif-
fi cult due to the noncystic appearance and the more 
fi brous nature of these lesions [30]. 

11.2.2 
MRI

MRI of the pelvis remains the method of choice to 
diagnose all lesion sites of endometriosis, particu-
larly in patients with cycle-related dysmenorrhea, 
dyspareunia or pain during defecation [31]. Due to 
spontaneous T1 hyperintensity of blood after 8 days 
of bleeding, MRI should not be scheduled earlier 
than day 8 of the menstrual cycle. In our institution, 
MRI of the pelvis requires 6 h of prior fasting and 
an intramuscular injection of a peristaltic inhibitor 
and is performed with a pelvic phase array coil in a 
1.5-T magnet. The patient is asked not to void the 
bladder during the hour preceding the examination. 
The MR imaging protocol for patients with suspected 
endometriosis uses anterior and posterior satura-
tion bands covering subcutaneous fat and includes 
at least two T2-weighted sequences (repetition time 
4,000 ms, echo time 90 ms, matrix 256×512, three sig-
nals acquired, 4- to 5-mm section thickness) in dif-
ferent slice orientations (sagittal and coronal oblique 
or axial oblique according to the axis of the uterine 
cavity), followed by three T1-weighted sequences in 

an identical imaging plane that best demonstrates the 
pathology (TR 500 ms, TE 14 ms): native T1 without 
fat suppression, fat-suppressed T1 before and after 
intravenous injection of gadolinium contrast media 
[32].

The high-resolution characteristics should al-
low detailed visualization of small structures such 
as uterosacral ligaments or bowel wall layers. Sono-
graphic gel used as an intravaginal contrast agent or 
rectal water enema may be useful according to the 
suspected location of the lesion [33]. A delayed con-
trast-enhanced MR urography sequence can help to 
demonstrate the position and dilatation of ureters. 
The 3D gradient echo HI-RES sequence is performed 
for 21 s of apnea (TR/TE = 4.9/1.38 ms, fl ip angle 40°, 
50 sections of 1.5 mm, 400×400 matrix) and followed 
by postprocessing using MIP to superimpose the en-
tire urinary system in one image [32]. 

Image interpretation uses a check list of possible 
locations of endometriosis including adnexa, vesi-
couterine pouch, retrouterine excavation, torus uteri-
nus (upper portion of posterior cervix), uterosacral 
ligaments, anterior rectum, sigmoid, caecum and il-
eum. Endometriomas are easily diagnosed as ovarian 
cysts with a native T1- and fat-suppressed T1-hyper-
intense content of gradual variation of signal inten-

Fig. 11.1a–e. A 49-year-old woman with chronic left pelvic 
pain and an offi ce ultrasound suspicious for bilateral ovarian 
cancer. a Oblique view of the right ovary at colour Doppler 
transvaginal ultrasound demonstrates a heterogeneous right 
ovarian mass with small calcifi cation in the wall of the cyst 
(arrowheads). The intra- or extracystic location of peripheral 
colour Doppler fl ow (arrow) is diffi cult 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 content of all three 
cysts and a spiculated nodule between the two ovaries (arrow) 
with one hypointense line extending from the nodule towards 
the anterior rectum. d Axial fat-suppressed T1-weighted image 
at the same level as c confi rms the haemorrhagic nature of all 
ovarian cysts and the interovarian peritoneal implant, suggest-
ing endometriosis. e Contrast-enhanced T1-weighted image 
at the same level as (c) and (d) shows enhancement of the 
normal ovarian parenchyma and the interovarian peritoneal 
nodule. At surgery, bilateral endometriomas were attached to 
each other (kissing ovaries) and associated with severe adhe-
sions towards the rectosigmoid. Pathology confi rmed bilateral 
endometriomas without malignancy
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Fig. 11.1a–e. A 49-year-old woman with chronic left pelvic pain and an offi ce ultrasound suspicious for bilateral 
ovarian cancer. .....(see page 266)
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sity at T2-weighted imaging, often called shading 
[34] (11.1b–d). No wall thickening or intracystic por-
tion enhances after intravenous contrast-injection. If 
these signs are present associated ovarian cancer has 
been described [27]. 

To diagnose bladder endometriosis at MRI, natu-
ral bladder distention by urine helps to identify small 
T2- and T1-hypointense nodules, most often located 
in the bladder dome, anterior to the vesicouterine 
pouch. Small T1-hyperintense portions may co-ex-
ist and correspond to haemorrhagic portions of the 
lesion. At contrast-enhanced imaging, the lesion en-
hances more than the noninvaded normal bladder 
detrusor [35] (Fig. 11.2). 

Posterior lesions occur most often at the upper 
posterior cervix as a band-like T2- and T1-hypoin-
tense structure extending laterally to one or both 
uterosacral ligaments [33] (Fig. 11.3). Nodular thick-
ening with regular or stellate margins at the initial 
uterine portion of the uterosacral ligament are easier 
to identify at T2-weighted images obtained in an ob-
lique orientation perpendicular to the long axis of the 
cervical channel [32]. Associated T1-hyperintense 
portions have been described in 5%–61% of poste-
rior lesions, corresponding to cystic haemorrhagic 
portions at pathology [33, 35]. When the lesion is 
located at the torus uterinus, uterine retroversion or 
angular anterior rectal attraction is often associated. 

Deep endometriotic lesions of the bowel have been 
described in decreasing order of frequency at the rec-
tosigmoid junction, the anterior rectum, the lower 
surface of the sigmoid, the appendix and the termi-
nal ileum. At MRI these lesion appeared as fi brotic 
asymmetric thickening of the rectal wall forming 
an obtuse angle with the normal wall and enhanc-
ing less than the rectal mucosa [33] (Fig. 11.4). They 
are like most fi brotic lesions, T2 hypointense and T1 
iso-intense to muscle. As for most posterior lesions of 
endometriosis, associated T1-hyperintense spots are 
not systematic. Locations at the anterior rectum often 
demonstrate a triangular shape pointing towards the 
uterus (Fig. 11.3). The precise extent of bowel wall in-
vasion remains a challenge with all imaging methods 
and warrants further research. 

Endometriosis of the vagina is usually diagnosed 
at physical examination and predominantly located 
at the upper posterior third of the vaginal wall. The 
extent of disease and locations at the posterior vagi-
nal pouch are clinically diffi cult to assess and war-
rant subsequent imaging with vaginal contrast fi lling 
at transvaginal sonography [36] or at MRI. The value 
of standard transvaginal sonography without vaginal 

contrast lacks sensitivity, with published values rang-
ing from 29% to 44% [33, 36]. At MRI the sensitivity to 
detect vaginal lesions was reported at 76% [33]. Most 
vaginal lesions are associated with an obliteration of 
the pouch of Douglas. Locations of the rectovaginal 
septum are always associated with endometriotic le-
sions of the vagina or the rectosigmoid or uterosacral 
ligaments. Vaginal lesions present as a T2-hypoin-
tense and T1-iso-intense nodule (Fig. 11.5). Associ-
ated T2- and T1-hyperintense spots are frequently 
described but not reported in a systematic fashion in 
the published literature. 

Adhesions are often not identifi ed at any imaging 
modality except if fl uid is present at both sides. In 
this circumstance, they correspond to an abnormal 
line or sheet within the pelvis. Indirect signs of ad-
hesions include anterior rectal triangular attraction, 
angulation of bowel loops, too large changes in bowel 
diameter with peritoneal nodules, elevation of the 
posterior vaginal fornix, posterior displacement of 
the uterus or the ovaries, loculated fl uid collections 
and hydrosalpinx [37]. Spiculated low signal intensity 
strands converging towards deep peritoneal lesions 
of endometriosis are also suggestive of adhesions 
[38]. 

To help the gynecologist to determine optimal 
treatment choices, preoperative knowledge of all le-
sion locations is mandatory. A complete preoperative 
lesion map allows scheduling of concomitant bowel, 
bladder or vaginal surgery and avoid intraoperative 
diagnoses of lesion location that postpone complete 
lesion removal at surgery. 
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Fig. 11.2a–d. A 39-year-old woman with dyspareunia and painful urinary symptoms during menstruation. a Parasagittal T2-
weighted image of the pelvis shows hypointense wall thickening of the upper posterior bladder wall (arrow). b Corresponding 
native T1-weighted image shows a hyperintense dot close to the bladder lumen (arrow). c Fat-suppressed T1-weighted image 
confi rms the haemorrhagic nature of the dot seen in (b) and (d). Contrast-enhanced T1-weighted image at the same level as 
(a), (b) and (c) shows moderate enhancement of the bladder mass (arrow) compared to the strong enhancement of the myo-
metrium (star). Associated thickening of the anterior rectal and lower sigmoid wall (arrowheads) is more easily identifi ed after 
contrast enhancement than in (a), (b) or (c). Surgery and pathology confi rmed bladder endometriosis and multiple sites of 
rectal and sigmoid endometriosis

a b

c d
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Fig. 11.3a–e. A 35-year-old woman complaining of dyspareunia presented 
with a painful retrocervical nodule at physical examination. MRI is per-
formed to confi rm the clinical suspicion of posterior endometriosis and for 
lesion location mapping. a Axial T2-weighted image of the pelvis demon-
strates a band-like mass posterior to the cervix (arrow) contiguous to bilat-
eral spiculated nodules at the initial portion of both uterosacral ligaments 
(arrowheads) and a triangular attraction of the anterior rectal wall. b A 
parasagittal T2-weighted image through the nodule of the right uterosacral 
ligament (black arrow) demonstrates associated ascension of the posterior 
vaginal cuff (white arrow). c The lesions are more diffi cult to detect at the 
corresponding T1-weighted image, only demonstrating an irregular con-
tour of the initial portion of both uterosacral ligaments and the triangular 
attraction of the anterior rectal wall. d Fat-suppressed T1-weighted image 
at the same level as (c) shows several normal hyperintense vessels (arrow-
heads), blood in the endocervical channel and one small haemorrhagic cyst 
in the nodule of the right uterosacral ligament (arrow). e The contrast-
enhanced image of the same level as (a), (c) and (d) confi rms asymmetric 
thickening of the enhancing left anterior rectal wall (arrow) suspicious for 
rectal endometriosis. Pathology confi rmed endometriosis of both uterosac-
ral ligaments associated with rectal endometriosis

e
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a b

c d

Fig. 11.4a–e. A 36-year-old woman with chronic pelvic pain 
and painful defecation during menstruation. a Parasagittal T2-
weighted image of the pelvis shows a triangular contour ab-
normality of the posterior cervix (arrow) converging towards 
the rectosigmoid. b Coronal T2-weighted image through the 
posterior cervix demonstrates a heterogeneous mass (arrow) 
between the left portion of the posterior cervix and the lower 
sigmoid wall. c Axial T2-weighted image through the mass 
of (b) obviates asymmetric wall thickening of the sigmoid 
 (arrow) with abnormal lines (arrowheads) towards the left 
ovary (star). d No haemorrhagic hyperintense portion is iden-
tifi ed at the parasagittal native T1-weighted image. e The con-
trast-enhanced fat-suppressed T1-weighted image at the same 
level as (a) and (d) shows an abnormal mass in the Douglas 
pouch involving the torus uterinus and the lower sigmoid wall. 
At surgery, extensive adhesions covered the pouch of Douglas. 
A fi brotic mass involved the torus uterinus and the lower sig-
moid wall corresponding to endometriosis at pathologye
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Fig. 11.5a–c. A 26-year-old woman with abnormal vaginal bleeding 
and clinical suspicion of vaginal endometriosis. MRI is performed 
to defi ne the extent of disease. a Sagittal T2-weighted image of the 
pelvis shows an abnormal mass (arrow) in the posterior vaginal 
cuff without abnormal fi ndings at the torus uterinus. b The cor-
responding fat-suppressed T1-weighted image clearly shows mul-
tiple hyperintense dots (arrow) corresponding to haemorrhagic 
cystic portions of the lesion. c Contrast-enhanced T1-weighted 
image shows peripheral increased contrast-enhancement with 
one line extending towards the anterior rectum separated from 
the mass by fat tissue. Lesion ablation was performed by vaginal 
surgery alone. Pathology confi rmed vaginal endometriosis

a b

c
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12.1 
Anatomy

The vagina is a fi bromuscular sheath-like structure 
connecting the external genitals with the uterus. It is 
lined with nonkeratinizing squamous epithelium and 
is 8–12 cm long. The vagina protects the internal geni-
tal organs against ascending infections, forms part of 
the birth canal, and receives the penis in copulation.

The proximal third of the vagina is at the level of the 
lateral vaginal fornices, the middle third at the level of 
the urinary bladder base, and the lower third at the level 
of the urethra. The anterior and posterior walls of the 
vagina are usually pressed together by the surrounding 
soft tissue, which ensures functional mechanical closure. 
On axial sections, this results in a shape that resembles 
the letter H (see Fig. 12.3a). The concertina barrier-like 
arrangement of the muscular layer of the vaginal wall 
and an abundance of elastic fi bers in the subepithelial 
and adventitial connective tissue layer enable extreme 
passive extension and active contraction. The squamous 
epithelium of the vagina is highly susceptible to hor-
monal effects. The epithelium consists of up to 30 cell 
layers in women of reproductive age but of only a few 
layers in childhood and after menopause. The vagina is 
supplied with blood through the descending branch of 
the uterine artery as well as through branches from the 
rectal, vesical, and pudendal arteries. Lymph is drained 
from the vagina to the iliac, sacral, and para-aortic nodes 
from the upper two thirds and to inguinal and anorectal 
nodes from the lower third and vestibule.

12.2 
Imaging Appearance of the Vagina

On axial CT scans, the vagina is diffi cult to differenti-
ate from the urethra (Fig. 12.1) and it is not possible 
to distinguish the vaginal epithelium/mucus from the 
layers of the vaginal wall.
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Fig. 12.1a–c. CT anatomy of the normal vagina. a,b CT. c Sag-
ittal CT reconstruction. CT anatomy of the vagina – middle 
third at the level of the urinary bladder (a) and distal third at 
the level of the urethra (b). The vagina has the same density 
as the walls of the bladder, urethra, and rectum and can be 
distinguished from these structures on CT by the presence 
of a small fat layer. For differentiation of the vagina, it is also 
helpful if the bladder is fi lled with urine and the rectum is 
fi lled with air

a

b

c
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On T1-weighted MR images with fat saturation, the 
vagina is of intermediate to low signal intensity and 
the mucosa, epithelium, and muscular layer cannot 
be distinguished (Fig. 12.2).

The individual layers can be appreciated much better 
on T2-weighted images and contrast-enhanced T1-
weighted images (Figs. 12.3–12.5). T2-weighted images 
depict the mucosal layer and the secretions within the 
vaginal canal with a high signal intensity, which is thus 

clearly distinct from the lower-signal-intensity muscu-
lar wall and the middle layer. The paravaginal tissue or 
adventitia with its dense venous plexus has a high signal 
intensity on T2-weighted images [1].

The posterior vaginal fornix can be distinguished 
most readily from the cervix and the anterior rectal 
wall in sagittal orientation (Fig. 12.5). The smaller 
anterior fornix is often more diffi cult to differentiate 
from the cervix.

Fig. 12.2a,b. MR anatomy of the normal vagina on FS T1-weighted images. a,b T1-weighted images with fat sat in axial and sagit-
tal orientation. On T1-weighted images, the vagina is of a similar signal intensity as the walls of the urinary bladder, urethra, 
and rectum. Thus, the vagina can only be localized indirectly between the fi lled bladder and the air-fi lled rectum

a b

Fig. 12.3a,b. MR anatomy of the normal vagina on T2-weighted images. a,b T2-weighted images in axial and sagittal orienta-
tion. T2-weighted MR images allow differentiation of the three layers forming the vaginal wall (arrows). The innermost layer, 
the vaginal mucosa, is of high signal intensity; the middle layer, the muscularis, is of low signal intensity; and the outer layer, 
consisting of paravaginal fatty tissue and the venous plexus, is of high signal intensity. On transverse images, the vagina has an 
H-shaped appearance (arrow). The vagina is located between the urethra anteriorly and rectum posteriorly

a b
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Fig. 12.5. MR anatomy of the normal vaginal fornices on T2-
weighted images. T2-weighted image in sagittal orientation. 
The uterine cervix protrudes into the vagina, forming the pos-
terior vaginal fornix (open arrow) and the somewhat smaller 
anterior vaginal fornix (arrow)

Insertion of a tampon is not necessary for ade-
quate evaluation and may even distort vaginal anat-
omy (Fig. 12.6a). Instead, evaluation can be improved 
by fi lling and distending the vagina with ultrasound 
gel (Fig. 12.6b).

Hormone intake not only alters the thickness of 
the vaginal epithelium and the vaginal mucus but 
also affects the signal characteristics on MR images. 
Before the onset of menstruation, the vagina has 
lower signal intensity on T2-weighted images and a 
very thin central epithelial/fl uid layer of high signal 
intensity. In women of reproductive age, the contrast 
between the vaginal mucosa and the wall is highest 
during the early proliferative phase. In this phase, the 
vaginal wall has a low signal intensity on T2-weighted 
images with a central stripe of high signal intensity 
(epithelium and mucus) (Fig. 12.7a, b). During the 
secretory phase, the central stripe shows moderate 
widening while there is a simultaneous increase in 
the signal of the vaginal wall, which makes it more 
diffi cult to distinguish these two layers. In post-
menopausal women without hormonal replacement, 
the vagina has a low signal intensity on T2-weighted 
images and the central stripe of high signal inten-
sity is very thin (Fig. 12.7c, d). In postmenopausal 
women on estrogen substitution, the vagina has the 
same appearance as during the proliferative phase in 
premenopausal women.

Fig. 12.4a,b. MR anatomy of the normal vagina on contrast-enhanced images. a,b T1-weighted images with fat sat after ad-
ministration of Gd-DTPA in axial and sagittal orientation. After contrast medium administration, two layers of the vaginal 
wall (arrow) can be distinguished, a low-signal-intensity inner mucosa with intraluminal secretion and a contrast-enhancing 
muscularis and the outer venous plexus, which are of high signal intensity

a b
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Fig. 12.7a–d. Pre- and postmenopausal vaginal anatomy. T2-weighted images in sagittal and axial orientation. A premenopausal 
(a,b) and a postmenopausal (c,d) woman: Two-layered appearance of the wall of the vagina (open arrows) is demonstrated in 
the postmenopausal woman. The low-signal-intensity muscularis layer and the high-signal-intensity paravaginal fatty tissue 
can be distinguished. Hypoplasia of the mucosa, which is just barely visible as high-signal-intensity stripe in sagittal orientation 
(c,d). Compare the thick high-signal-intensity vaginal mucosa in premenopausal age (a,b) (arrows)

a c

b d

Fig. 12.6a,b. Intravaginal tampon and gel fi lling of the vagina. a T2-weighted image in sagittal orientation. Distortion of the va-
gina through an intravaginal tampon (asterisk). The tampon does not improve evaluation of vaginal morphology. b T2-weighted 
image in sagittal orientation. Gel fi lling unfolds the vagina and fornix (asterisk). The uterus is retrofl exed

a b
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12.3. 
Congenital Malformations

The upper third of the vagina develops from the mül-
lerian ducts, which descend during embryonic life and 
also give rise to the uterus, uterine cervix, and fallopian 
tubes. This is why vaginal malformations are typically 
associated with other developmental anomalies of the 
müllerian ducts. The lower and middle thirds of the 
vagina develop as a result of embryologic interactions 
between the müllerian ducts and the urogenital sinus. 
The close proximity to the wolffi an duct (also known 
as the mesonephric duct) explains the association of 
vaginal malformations with renal anomalies. Congeni-
tal vaginal malformations are agenesis, duplication, 
and vaginal septa. Congenital absence (Fig. 12.8) and 
hypoplasia of the vagina are rare and are typically part 
of the Mayer-Rokitansky-Küster-Hauser (MRKH) syn-
drome. MRI shows a rudimentary vagina, often with 
concurrent hypoplasia of the uterus. Because agenesis 
of the vagina may be associated with renal agenesis or 
ectopic kidneys, the kidneys should always be included 
in the examination.

A longitudinal vaginal septum (Fig. 12.9) occurs 
as a consequence of incomplete fusion of the mülle-
rian ducts or resorption failure of the vaginal septum. 
This anomaly is also typically associated with other 
malformations of the müllerian ducts [septate uterus, 
bicornuate uterus, uterus didelphys (Fig. 12.9), cervi-
cal duplication] [2]. 

Fibrous horizontal vaginal septa can occur any-
where in the vagina as a result of defective fusion of 
the descending müllerian ducts and ascending uro-
genital sinus. A horizontal septum causes primary 
amenorrhea, abdominal pain, an abdominal mass, 
or dyspareunia. MR imaging shows the vagina to be 
distended with retained secretion and allows evalua-
tion of the location and thickness of the membrane 
for planning the surgical approach. Ectopic ureters 
inserting into the vagina are another anomaly but 
they are typically diagnosed by excretory urography.

In general, patients with vaginal malformations can 
be examined by hysterosalpingography, ultrasonog-
raphy, or MRI [3]. MRI provides a good overview of 
pelvic anatomy in patients with suspected congenital 
malformations of the vagina or other structures of the 
urogenital tract and is very helpful in planning surgi-
cal measures for treating vaginal malformations [4].

12.4. 
Benign Lesions

12.4.1 
Bartholin’s Gland Cysts

Bartholin’s gland cysts are among the most common 
incidental fi ndings in the posterolateral portion of 
the lower vagina (Fig. 12.10).

Fig. 12.8a,b. Agenesis of uterus and vagina. a,b T2-weighted images in axial and sagittal orientation. (Reproduced with permis-
sion from [13])

a b
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The cysts develop when secretion is retained in the 
ducts of the vulvovaginal glands opening in the area 
of the vestibule. Bartholin’s cysts are characterized on 
T2-weighted MR images as cystic lesions of high signal 
intensity with a delicate and sharply delineated wall. 
On T1-weighted images, they are of intermediate to 
high signal intensity, depending on the protein content. 
Large cysts can cause symptoms with walking and sit-
ting. As a complication Bartholin’s cysts may develop 
infl ammation and form an abscess. As a consequence 
those symptomatic cysts are treated by a wide incision 
of the glandular duct (marsupialization).

12.4.2 
Condylomata Acuminata

Condylomata acuminata are papillomas caused by 
the human papilloma virus and are the most common 
benign tumors of the vulva but rarely occur within 

the vagina. They are usually diagnosed by inspec-
tion, which may be supplemented by colposcopy and 
biopsy as required.

12.4.3 
Gartner’s Duct Cysts

Gartner’s duct cysts are another malformation of 
the vagina [3]. They develop as retention cysts from 
remnants of the wolffi an duct system and typically 
occur in the anterolateral portion of the vagina and 
vulva (Fig. 12.11). 

Gartner’s duct cysts vary in size from a few milli-
meters to several centimeters and may occur in large 
numbers. Small Gartner’s duct cysts are asymptomatic 
and may be detected incidentally while larger cysts can 
compress the vagina or urethra. T1- and T2-weighted 
MR images depict cystic lesions with a delicate wall and 
high signal intensity due to their high protein content.

Fig. 12.9a–c. Uterus didelphys. T2-weighted images in transverse and coronal orientation. Good visualization of the duplicated 
uterus (a) and the two fl uid-fi lled vaginas (b,c)

a

c
b
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12.4.4 
Infl ammatory Conditions of the Vagina

Infections of the vagina are frequent and may be 
caused by a wide variety of pathogens (viruses, bac-
teria, fungi). MRI is rarely needed to diagnose vaginal 
infection. There may be thickening of the vaginal wall 
and vaginal secretion may be increased. Vaginal infl am-
mation is associated with an increased signal intensity 
of the vaginal mucosa or of the entire vaginal wall 
on T2-weighted and STIR images. Contrast-enhanced 
T1-weighted images show more marked enhancement 
with a higher signal of the vaginal wall.

12.4.5 
Crohn’s Disease

Crohn’s disease is a chronic inflammatory condi-
tion that may occur in any part of the gastroin-
testinal tract but commonly involves the terminal 
ileum or right colon frame. Gynecologic involve-
ment with inflammation of the organs of the true 
pelvis or of the vulva is not uncommon. Another 
manifestation are fistulas between the vagina and 
the colon or rectum [5]. MRI is the method of 
choice for the diagnostic evaluation of pelvic fis-
tulas.

Fig. 12.11a,b. Gartner’s duct cyst. T2-weighted images in sagittal and transverse orientation. Depiction of a Gartner’s duct cyst 
(arrows) in the anterolateral portion of the right vagina

a b

Fig. 12.10a,b. Bartholin’s duct cyst. a T2-weighted image in sagittal orientation. Thin walled cyst (arrow) of the right wall at the 
vestibule of the vagina

a b
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12.4.6 
Trauma

Traumatic injury to the vagina is usually caused by 
childbirth and is diagnosed clinically in the majority 
of cases. MRI has a diagnostic role in excluding or 
evaluating fi stula formation after trauma.

12.4.7 
Benign Tumors of the Vagina

Benign mesenchymal tumors are very rare and 
include lipoma, fi broma, and neurofi broma. They may 
be pedunculated and protrude from the vagina.

12.5 
Malignant Tumors of the Vagina

12.5.1 
Secondary Vaginal Malignancies

Secondary tumors account for about 80% of all vagi-
nal malignancies. Direct tumor spread from adjacent 
organs such as the urinary bladder, vulva, uterine 
cervix (Fig. 12.12), or rectum is not uncommon. More-

over, the vagina is a common site of recurrence after 
surgical resection of cervical or ovarian cancer. 

Vaginal metastases are typically from primary tumors 
of the genital tract. Other malignancies that metastasize 
to the vagina are melanomas (Fig. 12.13). MRI does not 
allow etiologic or histologic classifi cation of secondary 
vaginal malignancies. Most secondary vaginal tumors 
have an intermediate signal intensity on T1-weighted 
images and a high signal on T2-weighted images.

12.5.2 
Primary Vaginal Malignancies

12.5.2.1 
Background

Most primary vaginal malignancies are carcinomas. 
Vaginal carcinoma is rare, accounting for 1%–2 % of 
the malignant tumors of the female genital tract. Their 
incidence is 0.5/100,000 women. The major histologic 
type is squamous epithelial carcinoma, which makes 
up over 90% of all primary vaginal malignancies. 
Vaginal cancer typically occurs in women aged 50–70 
years. About 4% of vaginal cancers are adenocarci-
nomas. This histologic type mostly affects younger 
women from 17 to 32 years of age. Vaginal sarcoma in 
the form of leiomyosarcoma or fi brosarcoma is rare 
[6]. Embryonal rhabdomyosarcoma (Fig. 12.14) is the 

Fig. 12.12a,b. Cervical cancer invading the vagina. T2-weighted images in axial and sagittal orientation. Cervical cancer invading 
the proximal third of the posterior vaginal wall (arrows)

a b
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Fig. 12.13. Vaginal metastasis of malig-
nant melanoma. Contrast enhanced CT. 
An unspecifi c mass with inhomogeneous 
contrast enhancement in the vagina 
is shown. The right levator ani muscle 
 (arrow) can not be well delineated sug-
gesting tumor involvement. (Figure 
courtesy of Dr. Forstner)

Fig. 12.14a–c. Botry-
oid sarcoma. Sagittal, 
transaxial, and coronal 
T2-weighted images 
in a 2-year-old girl. A 
multiseptated mass with 
numerous thin septations 
causes extensive enlarge-
ment of the vagina which 
extends up to the level of 
the promontorium

a c

b
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commonest type of genital rhabdomyosarcoma. It 
occurs in infancy and is mostly located at the vagina, 
vulva, and perineum. When occurring in adolescence 
it more often affects the cervix or corpus uteri. Due 
to good response to chemotherapy its prognosis has 
improved. Chemotherapy is usually followed by an 
organ preserving surgical treatment [7].

The risk factors for the occurrence of vaginal 
cancer are similar to those for cervical cancer and 
include having many sexual partners, chronic infec-
tion with high-risk types of HPV, immunosuppres-
sion, and smoking. Vaginal adenocarcinoma is asso-
ciated with an increased intrauterine exposure to 
diethylstilbestrol. Furthermore, it has been shown 
that there is an association with tumors of the cervix 
or vulva and status post hysterectomy [8]. Vaginal 
cancer typically involves the proximal third and the 
posterior wall of the vagina [6]. Early vaginal cancer 
is asymptomatic. More advanced tumors may cause 
painless vaginal bleeding or contact bleeding, vaginal 
discharge, dysuria, and dyspareunia.
The growth pattern of vaginal tumors includes the 
whole spectrum from exophytic and papillomatous, 
through infi ltrating, to ulcerating forms. The tumor 
primarily extends by direct spread to the paracolpium, 
parametria, vulva, uterine cervix, and rectovaginal and 
vesicovaginal septa. Fistulas are not infrequent when 
there is tumor invasion of the rectum and bladder. 
Lymphatic spread of tumors involving the proximal 
two thirds of the vagina is to the lymph nodes along the 
external and common iliac arteries, and the abdominal 
aorta. Vaginal tumors in the lower third of the vagina 

drain into inguinal lymph nodes (Fig. 12.15), from 
where lymphatic spread continues to the lymph node 
stations along the external and common iliac arteries 
and to para-aortic lymph nodes.

Hematogenous metastatic spread from vaginal 
cancer is rare and occurs late in the disease. Organ 
metastases primarily involve the liver, lung, or bones.
Vaginal cancer is staged using the FIGO and TNM 
classifi cations (Table 12.1). Treatment depends on the 
stage of cancer and ranges from radical hysterectomy 
with widening of the vaginal cuff to complete col-
pectomy with removal of the paracolpium. Vaginal 
cancer with invasion of adjacent organs is treated by 
exenteration with adjuvant radiotherapy. Patients in 
whom distant metastases outside the pelvis are pres-
ent are treated by chemotherapy.

Table 12.1. Staging of vaginal cancer according to FIGO and 
TNM criteria

FIGO TNM

0 Tis Cis

I T1 Tumor confi ned to vagina

II T2 Tumor invades paravaginal tissues but does 
not extend to pelvic wall

III T3 Tumor extends to pelvic wall

IVa T4 Tumor invades bladder and rectum, tumor 
extends beyond the true pelvis

IVb M1 Distant metastasis

N1 Pelvic lymph node metastasis

N2 Unilateral inguinal lymph node metastasis

N3 Bilateral inguinal lymph node metastasis

Fig. 12.15a,b. Regional lymph node stations. a Vaginal cancer of the proximal two thirds of the vagina drains into the pelvic 
lymph node stations. b The inguinal lymph nodes are the fi rst lymph node stations invaded by vaginal cancer of the distal third 
of the vagina. (Reproduced with permission from [14])

a b
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12.5.2.2 
MR Imaging

MRI has its most important diagnostic role in staging 
vaginal cancer that has been confi rmed by colposcopy 
and biopsy. Staging by MRI serves to determine local 
tumor extent and to classify the cancer according to 
TNM and FIGO criteria [9]. In addition, MRI allows 
assessment of inguinal and pelvic lymph nodes. Because 
the signal intensity of vaginal tumors, except for vaginal 
melanoma, is unspecifi c, MRI does not allow differentia-
tion of the different primary and secondary malignan-
cies involving the vagina and thus cannot replace histo-
logic diagnosis [10]. The protocol recommended for MR 
imaging of vaginal cancer is summarized in Table 12.2.

Table 12.2. MRI sequences recommended for imaging of vagi-
nal cancer

Sequence T2w TSE PD TSE T1w TSE Contrast-
enhanced 
T1w TSE

Sagittal
Transverse

Transverse Sagittal
Transverse

Sagittal
Transverse

Area 
imaged

Uterus 
to pelvic 
fl oor

Aortic 
bifurca-
tion to 
groin

Uterus 
to pelvic 
fl oor

Uterus to 
pelvic fl oor

Prior to MR imaging, patients are administered a 
spasmolytic agent to reduce intestinal motility, e.g. 2 ml 
Buscopan R (40 mg butylscopolamine). Distention of the 
vagina, e.g. by fi lling with ultrasound gel, may improve 
diagnostic assessment. In women with an oblique ori-
entation of the vagina, angulation of the transverse T2-
weighted sequence perpendicular to the axis of the vagina 
will improve evaluation of anatomy and tumor extent.

On T2-weighted images, vaginal tumors have an 
intermediate to high signal intensity, enabling their 
differentiation from the low-signal-intensity muscu-
lar vaginal wall (Fig. 12.16). 

On T1-weighted images, a vaginal tumor is identi-
fi ed as a contour deformity of the vagina and not by 
a difference in signal intensity. Following administra-
tion of a contrast medium, most vaginal tumors display 
more marked signal enhancement than the vaginal 
wall (Fig. 12.14c,d). Because vaginal tumors may show 
a marginal infl ammatory reaction, their extent may be 
overestimated [9]. Moreover, it may be diffi cult to dif-
ferentiate cervical cancer and tumors of the proximal 
vagina when there is invasion of both organs. In such 
cases, the tumor often arises from the organ containing 
the largest tumor mass. However, only biopsy enables 

reliable differentiation in such cases and between pri-
mary and secondary vaginal tumors in general. An 
exception are vaginal melanomas which show a distinct 
signal behavior that depends on their composition such 
as presence of intralesional hemorrhage or pigments. 
Melanin is paramagnetic and shortens relaxation times, 
resulting in a higher signal on T1-weighted images and 
a lower signal on T2-weighted images. There is no para-
magnetic effect amelanotic melanomas.

12.5.2.3 
Staging

Stage T1 vaginal cancer is confi ned to the vagina 
(Fig. 12.17). T2-weighted images show a hyperintense 
disruption of the low-signal-intensity muscular vaginal 
wall. To exclude cancer growth beyond the vagina, it is 
important to differentiate the tumor from the fatty layer 
surrounding the vagina. The differentiation of tumor 
and fat may be easier on T1-weighted images because 
there is superior contrast between low-signal-intensity 
tumor and high-signal-intensity fat. On T2-weighted 
images, on the other hand, both tumor and paravaginal 
fat with its rich venous network have a high signal inten-
sity. However, this is not a reliable criterion because the 
fatty layer surrounding the vagina is very thin.

Stage II tumors are characterized by invasion of 
paravaginal fatty tissue, which is seen as a blurred and 
irregular delineation of the vaginal wall (Figs. 12.16, 
12.18, 12.19). Larger tumors extending beyond the 
vagina are seen as low-signal-intensity lesions sur-
rounded by hyperintense paravaginal tissue on T1-
weighted images. On T2-weighted images both the 
vaginal tumor and the paravaginal tissue have a high 
signal intensity and are diffi cult to distinguish. 

In stage III disease with tumor extension to the 
pelvic sidewall (Fig. 12.20), muscular infi ltration of the 
pelvic wall is best appreciated on T2-weighted images. 
Muscle is of a lower signal intensity and can thus be 
differentiated from the high-signal-intensity tumor. 
Other important muscles that need to be evaluated are 
the levator ani, piriform, and internal obturator mus-
cles. Invasion of the internal anal sphincter muscle can 
be evaluated on coronal T2-weighted images.

Stage IV vaginal cancer is characterized by invasion 
of the bladder and rectum (Fig. 12.21), which is identi-
fi ed as a disruption of the low-signal-intensity muscu-
lar layer of these organs on T2-weighted images.

Fistulas can be identifi ed on contrast-enhanced 
T1-weighted images. They are characterized by more 
pronounced contrast enhancement and there may be 
a central signal void in the fi stula canal.
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12.5.2.4 
MR Appearance After Radiotherapy

Edematous and infl ammatory reactions of the vagina 
that persist for up to about 6 months after radiother-
apy are associated with an increased signal intensity of 
the vaginal wall on T2-weighted images. The observed 
increase in signal intensity is directly proportion to the 
total radiation dose administered and always occurs 
above a threshold dose of 45 Gy. The mode of admin-

istration (percutaneous radiation, brachytherapy) 
appears not to affect the degree of signal change. Irra-
diated tissue also shows increased enhancement after 
contrast medium administration. About 6 months after 
completion of radiotherapy, fi brosis leads to a decreased 
signal intensity of the vagina on T1- and T2-weighted 
images and there is again less pronounced contrast 
medium enhancement [11]. A rare complication of 
radiotherapy is vaginal stenosis with subsequent devel-
opment of serometra or hematometra (Fig. 12.22).

Fig. 12.16a–d. Vaginal cancer. a,b T2-weighted images in sagittal and axial orientation. FIGO stage II vaginal cancer of inter-
mediate signal intensity (status post hysterectomy). There is tumor throughout the anterior wall of the distal vagina (arrows). 
Tumor extension to the urethra (open arrow). c,d T1-weighted images with fat sat after administration of Gd-DTPA in axial and 
sagittal orientation. Contrast medium administration does not improve delineation of the cancer

a c

b d
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Fig. 12.19a–c. Vaginal cancer. a T2-weighted image in sagittal orientation. b T2-weighted image with fat sat in axial orientation. c 
T1-weighted image with fat sat after administration of Gd-DTPA in axial orientation. a Status post hysterectomy for leiomyomas 
of the uterus. Vaginal cancer (arrows) of in the proximal two thirds of the vagina with infi ltration of the vaginal wall. Accessory 
fi nding: air inclusion in the urinary bladder after catheterization. b,c Fairly good differentiation of the solid tumor (arrows) from 
the high-signal-intensity venous plexus. There is no obvious infi ltration of the paracolpal fat. (Figure courtesy of Dr. Forstner)

Fig. 12.17. FIGO stage I. Vaginal cancer is limited to the vagina. 
(Reproduced with permission from [14])

Fig. 12.18. FIGO stage II. Tumour involves the paravaginal tis-
sue but does not extend to the pelvic wall. (Reproduced with 
permission from [14] )

c

a

b
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Fig. 12.20. FIGO stage III. Cancer extends to the pelvic wall. 
(Reproduced with permission from [14])

Fig. 12.21. FIGO stage IV. Tumour involves the mucosa of the 
bladder or rectum or extends beyond the true pelvis. (Repro-
duced with permission from [14])

Fig. 12.22a,b. Vaginal stenosis. T2-weighted images in axial and sagittal orientation. Vaginal stenosis in the proximal third of the va-
gina after radiotherapy. There is hematometra (a) and hematosalpinx (b) (short arrows). (Reproduced with permission from [13])

a b
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12.5.2.5 
MR Appearance After Surgery

The postoperative appearance varies with the type 
of surgery performed. Shortly after surgery, scars 
are characterized by a high signal intensity on T2-
weighted images and there is abnormally increased 
contrast enhancement on T1-weighted images due to 
postoperative edema formation and neovasculariza-
tion. These reactive changes are diffi cult to distin-
guish from residual or recurrent tumor in the early 
postoperative phase [12].

12.5.2.6 
Residual and Recurrent Tumor

With its intrinsic high soft-tissue contrast, MRI is the 
method of choice for demonstrating residual tumor 
or tumor recurrence. Moreover, MRI allows identi-
fi cation of radiation-induced changes of the organs 
of the true pelvis. Postoperative scars or postactinic 
changes can be differentiated from recurrent or 
residual tumor on MR images on condition that the 
examination is performed at least 6 months after the 
end of therapy. This interval is necessary because 
acute reactive increases in signal due to edema and 
infl ammation immediately after irradiation or sur-
gery cannot be differentiated from vital tumor tissue. 
After about 6 months, the vagina has returned to its 
normal low signal intensity on T2-weighted images 
and residual or recurrent tumor can be identifi ed 
as a high-signal-intensity disruption of the vaginal 
wall [12]. Recurrent tumor has an increased signal 
intensity on T2-weighted images and typically shows 
an inhomogeneous structure. On contrast-enhanced 
images, recurrent tumor is characterized by a higher 
signal enhancement compared with surrounding 
tissue. However, the examiner must be aware that 
even after 6 months following radiation or surgery, 
increased signal intensities may be due to postthera-
peutic reactive changes. In such cases, a dynamic con-
trast-enhanced fast GRE study may be helpful. Here, 
recurrent or residual tumor will show signifi cantly 
earlier and more pronounced contrast enhancement 
than scar tissue. As in pretherapeutic staging, con-
trast-enhanced T1-weighted images are helpful to 
identify possible invasion of the bladder or rectum 
by recurrent or residual tumor. Tumor invasion of 
these organs is indicated by circumscribed areas of 
abnormally increased contrast enhancement in the 
wall. As in preoperative staging, muscular infi ltration 
is best seen on T2-weighted images.

Ultrasonography and CT have only a limited role in 
detecting recurrent or residual vaginal tumor because 
they rely on the confi guration of the lesion as the only 
criterion. The sensitivity of both modalities is too 
low for differentiation of tumor from posttherapeutic 
changes and for the detection of small tumors. The 
accuracy of the clinical examination is also limited, in 
particular when postoperative scar tissue is present. 

12.5.2.7 
Lymph Nodes

Imaging of the inguinal, pelvic, and, where necessary, 
para-aortic lymph node stages by means of MRI/
CT may provide additional information for primary 
therapeutic decision making. Although the inguinal 
lymph nodes are easily accessible to palpation, pal-
pation has a poor sensitivity in detecting inguinal 
lymph node metastasis. Evaluation for lymph node 
metastasis is clinically relevant before surgery and 
before primary or adjuvant radiotherapy. Moreover, a 
considerable proportion of recurrent vaginal tumors 
arise from lymph node metastases. The criteria for 
lymph node imaging are described in Chapter 14. 
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13.1 
Introduction

Pelvic fl oor dysfunction is the cause of many different 
clinical problems such as genital descensus and pro-
lapse, which is often associated with urinary and fecal 
incontinence or defecation disorders. These pelvic 
fl oor disorders are frequent problems among the 
whole population, but mostly affl ict elderly, parous 
women. Since this group will continuously grow over 
the coming decades, there will be a great demand for 
new diagnostic tools including imaging modalities.

Up until some time ago, the only chance to gain 
knowledge about the pelvic fl oor anatomy had been 
by dissecting human cadavers. Besides artifacts due 
to the embalming process, this method does not pro-
vide any information about the complex functional 
interaction of the many pelvic fl oor structures and 
organs. Therefore, our notion of the pelvic fl oor 
anatomy and function may have been distorted and 
incomplete.

Imaging modalities have offered completely new 
perspectives. Starting with conventional fl uoroscopic 
examinations like colpocystorectography and defec-
ography in the 1960s, MRI has become is the method 
of choice for diagnosis and research of pelvic fl oor 
disorders. Besides the lack of ionizing radiation 
MRI is widely appreciated for its superb soft tissue 
contrast and multiplanar imaging capability, which 
allows an excellent morphological delineation of the 
anatomical situation. Yet for the understanding of the 
functional interactions of the pelvic fl oor system and 
the related pathologies such as descensus and pro-
lapse, a dynamic examination is essential [49]. Here 
the new ultrafast MR sequences allow real-time visu-
alization.

This chapter will review functional cine MRI as 
the main radiological method for the dynamic evalu-
ation of the pelvic fl oor. Following a more general 
defi nition of the method, details of the technique 
are given in view of the literature. Then we focus on 
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image analysis with a critical survey of the various 
different parameters that are in use and give an over-
view of typical and important fi ndings within the dif-
ferent pelvic compartments. Finally, we discuss the 
clinical applications of this imaging technique with 
its strengths and limitations.

13.2 
History

Functional cine MRI of the pelvic fl oor was fi rst intro-
duced in 1991 by Yang et al. [49] and Kruyt et al. 
[25]. They described the movement of the bladder, 
vagina and rectum in relation to the pubococcygeal 
and symphysiosacral reference line in patients and 
asymptomatic subjects. In 1993 Goodrich et al. [13] 
recommended the technique for the pre- and postop-
erative evaluation of patients after pelvic fl oor surgery. 
In contrast, Delemarre et al. [6] did not fi nd an advan-
tage to dynamic MRI in comparison to defecography 
in the examination of the anorectum. But in the fol-
lowing years an increasing number of studies focused 
on different aspects of the method and continuously 
stressed the usefulness of functional cine MRI in the 
evaluation of the pelvic fl oor [1, 14, 19, 24, 30, 41] and 
proved it to be superior or at least equal to conventional 
colpocystorectography and defecography [15, 24, 30]. 
Unfortunately this ultimately led to a lack of standardi-
zation (see Table 13.1) and therefore the comparability 
of the different publications is limited. 

13.3 
Technique

Functional cine MRI of the pelvic fl oor can be explained 
as the conjunction of a static morphological imaging 
modality and an adequate functional examination 
with a freezing of motion. The term “functional” in 
this context should not be confused with dynamic MRI 
using intravenous or arterial contrast media or even 
functional imaging for metabolic activity.

At present the available MR sequences do not allow 
a suffi cient depiction of motion with 3D techniques. 
To overcome this limitation two different approaches 
are used to record motion: either the acquisition of 
multiple single slices at the same slice position or one 

stack of slices covering a whole anatomical region. 
The fi rst approach allows a higher temporal resolu-
tion and can analyze intrinsic (e.g. bowel motility) 
or extrinsic motion (e.g. straining) continuously at 
a given anatomical position. For this, the frequency 
of the single image acquisitions has to be faster than 
the expected frequency of the motion itself. A disad-
vantage is the limitation to only one single plane. To 
overcome this problem a stack of slices can be used 
alternatively. But in this case, due to the increased 
acquisition time, the temporal resolution is very 
limited and the specifi ed load (e.g. contraction or 
strain) should not vary over the whole duration of 
the measurement. For the patient that means, for 
example to continuously strain for more than 10 s 
without producing blurring artifacts, which is quite 
diffi cult. In addition, with only one snapshot of a spe-
cifi c position, e.g. maximum straining , relevant fi nd-
ings might be concealed and further development of 
existing pathologies can be missed.

Considering the literature on functional cine MRI 
(see Table 13.1), the smallest common denominator 
for the procedure itself includes the following points: 
high fi eld system, supine or sitting position of the 
patient with surface array coils and the use of a non-
echo-planar imaging sequence to produce a midsag-
ittal image with the patient at rest and straining.

13.3.1 
MR System and Patient Positioning

As an MR system specially dedicated to the examina-
tion of the pelvic fl oor does not exist, most authors 
use an all-purpose high-fi eld system of 1.5 Tesla with 
the possibility of sub-second scans and a 512 matrix 
in combination with an acceptable signal-to-noise 
ratio [1, 13, 24, 30, 36, 46, 49]. In all other studies a 
mid-fi eld system of 0.5 Tesla with an open magnet 
confi guration was used [7, 10, 19, 25]. The latter offers 
the advantage of evaluating the patient in an upright 
position. This more physiological position for defeca-
tion cannot be assumed in the close confi guration 
system which is limited to horizontal positioning of 
the patient. In this case the supine position is pref-
erable to the prone position [6, 25], as it is more 
stable and convenient for the patient. Disadvantages 
of the open confi guration system include a restricted 
signal-to-noise ratio due to a sometimes unfavorable 
design of the surface coils, which may result, together 
with a limited spatial and temporal resolution, in a 
poorer image quality.
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13.3.2 
Patient Instruction

In order to achieve satisfying results a detailed instruc-
tion of the patient prior to the examination is manda-
tory. The patient must be very cooperative and be able 
to understand and follow the commands during the 
examination. According to the literature most authors 
examine the patient only at rest and while straining [10, 
12, 13, 18, 41, 46, 47, 49]. However, to assess the correct 
function of the levator ani muscle in view of a levator 
ani syndrome or stool outlet obstruction it is necessary 
to contract the pelvic fl oor at least once during the 
entire procedure. Furthermore, emptying of the rectum 
during the examination is essential.  Vanbeckevoort 
et al. [47] nicely showed the relevance of the defeca-
tion process when comparing colpocystodefecography 
to functional MRI without emptying of the rectum. 
The missing rectal evacuation results in a signifi cantly 
lower sensitivity for the detection of pelvic fl oor defects 
with the MRI examination. Therefore, the following 
sequence of specifi ed loads is advisable: rest – con-
tract – relax – strain – defecate – relax [1, 19, 24, 36, 
43]. Due to the preceding it is obvious that this kind 
of cycle should be repeated until complete defecation 
has been documented. In our experience between two 
and four cycles are usually necessary. If the patient is 
either too embarrassed to defecate inside the magnet or 
she cannot empty the rectum at all while lying supine, 
a triphasic approach as recommended by Kelvin et 
al. [24] may be suitable with an additional post-toilet 
phase after the patient has evacuated in the bathroom. 
Other specifi c loads like coughing or micturition are 
possible but not commonly used.

The overall time range for the examination is nor-
mally between 9 and 30 min [1, 30]. Diapers and water-
proof pads placed beneath the patient reliably prevent 
soiling of the table or machine [18, 30]. In a survey of 60 
patients who underwent both colpocystorectography 
and functional cine MRI, 90.7 % of the women would 
prefer MRI to fl uoroscopy, thus yielding a high rate of 
acceptance [43]. Reasons for this might be the more pri-
vate atmosphere within the magnet during the entire 
examination, as well as the possibility to repeat the 
cycle in case of insuffi cient straining and defecation.

13.3.3 
Organ Opacifi cation

On the T2-weighted sequences usually used for func-
tional cine MRI, fl uid-fi lled structures like the blad-

der or small bowel loops exhibit a high signal inten-
sity. But other organs like the vagina, rectum, anal 
canal or muscles show an intermediate to low signal 
intensity, thus making their evaluation diffi cult. This 
is especially true for T1-weighted sequences. To avoid 
diffi culties in the differentiation of these organs we 
introduced a stringent opacifi cation of the bladder, 
urethra, vagina and rectum [30, 43].

In more detail, the bladder was fi lled with 60 ml of 
sterile isotone saline solution using a 26-F Foley cath-
eter and the urethra was delineated using a twisted 
cotton thread soaked with isotone saline solution and 
gadopentetate dimeglumine (Magnevist, Schering, 
Berlin, Germany) [30]. Due to the increased effort, 
the limitation in time and the potential risk of a cys-
titis or even of loosing the thread into the bladder 
we omitted this kind of contrast in later studies with 
no disadvantage in diagnosis [28, 43]. Similar to us, 
Kelvin et al. [24] and Hodroff et al. [21] used thin 
catheters to outline the urethra and to fi ll the bladder 
with saline solution and gadopentetate dimeglumine. 
But it is important to keep in mind that the catheter 
might impede the movement of the urethra itself 
because it is splinting the organ.

The above-mentioned procedures to contrast ure-
thra and bladder are not consistent within the litera-
ture, where most authors do not administer any con-
trast medium at all but instead instruct the patient to 
empty the bladder prior to the examination [1, 38, 46]. 
The latter is necessary to prevent masking of a rectocele 
or enterocele by the combination of a full bladder and 
a cystocele that blocks the entire genital hiatus.

There is also no agreement on opacifi cation of 
the vagina in the literature. Usually ultrasound gel is 
instilled, which is an easy to handle and well tolerated 
contrast medium. Delineation of the entire vagina 
and especially of the posterior fornix and posterior 
wall is always achieved [24, 30]. In addition, during 
Valsalva`s maneuver the gel in the vagina is emptied 
passively and thus the movement of the organ itself is 
not impeded [21]. In this regard rubber tubes are not 
a recommended alternative [18].

Looking at the rectum, again a variety of contrast 
media have been used. In those studies where defeca-
tion has been attempted either gel [21, 24, 43], potato 
mash [1, 7, 19, 38] or rubber tubes [18] have been pro-
posed. 

For our own studies today we use only ultrasound 
gel as contrast medium with a special rectal olive 
applicator, with which we fi rst install 20–30 ml gel 
into the vagina and subsequently 200–300 ml into 
the rectum. This proved to be a fast, easy to perform 
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and cheap method with an excellent organ opacifi ca-
tion. As mentioned above, we do not opacify the blad-
der or urethra anymore, but encourage the patient to 
void prior to the examination.

Understandable concern exists that defecation 
onto the MR imaging table may contaminate the MR 
imaging unit. In our own experience the evacuated 
contents were always confi ned to the diaper and the 
MR unit was never polluted. In addition, a lavatory 
should be on site to minimize any discomfort for the 
patient associated with the evacuated gel.

13.3.4 
Sequence Protocols

MR imaging of the pelvic fl oor usually includes a 
static and a dynamic part of the examination.

For the fi rst, the sequence protocol preferred 
by most authors includes a set of either T1- or T2-
weighted turbo spin-echo sequences with acquisition 
of a stack of images in two or all three orientations 
covering the entire pelvis. These types of sequences 
have been approved in various settings of diseases of 
the pelvis. They provide a high spatial resolution of the 
selected anatomic region [44, 45] and therefore allow 
an exact morphological assessment of the pelvic struc-
tures. The depiction of the urethral or anal sphincter 
complex or the perivaginal space are thus facilitated 
[9, 23]. In addition, the course of an organ over several 
slices (e.g. sigmoid) can be traced or accidental fi nd-
ings (e.g. Gärtner’s or ovarian cysts) may be seen [28].

In the dynamic part, a variety of fast non-echo-
planar sequence techniques for image acquisition 
has been described according to the used scanner 
type and manufacturer. To realize the freezing of 
motion the selected ultrafast sequence is repeated 
15–25 times at the same slice position while the 
patient is simultaneously asked to relax the pelvic 
fl oor muscles, then contract them, relax again and 
then increase the intraabdominal pressure by strain-
ing and eventually defecate. Therefore, our group fi rst 
introduced a gradient echo technique with fully refo-
cused transverse magnetization (true fast imaging 
with steady precession, trueFISP). This gradient echo 
sequence combines both speed (high bandwidth and 
very short TR) and contrast (mixed T1/T2* contrast), 
but is very sensitive to susceptibility gradients. With 
this sequence we achieved an in-plane resolution 
of 1 mm with a temporal resolution of 1.3 images/s 
using a 256 matrix and a fi eld of view of 270 mm [30]. 
It proved superior to gradient echo techniques with 

partially refocused transverse magnetization (fast 
fi eld echo, FFE [6, 12, 25] or gradient recalled acquisi-
tion in the steady state, GRASS [18, 49]), multi-echo 
spin-echo techniques (rapid acquisition with relaxa-
tion enhancement, RARE [10, 14, 38]) and single-shot 
techniques (snapshot GRASS [13] or half Fourier 
single-shot turbo spin-echo, HASTE [5, 47]). Recent 
advances in faster imaging with new methods of k-
space acquisition [46], which are not sequence related 
(“parallel imaging”), allow for ultrafast achievement 
of images, but exhibit a lower signal-to-noise ratio.

In the case of an open confi guration system the 
described ultrafast single-shot fast spin-echo sequences 
or gradient-echo sequences of the closed systems are 
not available. Instead, T1-weighted spoiled gradient-
recalled echo sequences are used with a maximum 
time resolution of one image every 2 s [1, 2]. 

13.3.5 
Slice Orientation

For the dynamic studies the midsagittal cut through 
the pelvis is the most preferred slice orientation 
throughout the entire literature. It was fi rst introduced 
by Yang et al. [49] and Kruyt et al. [25] and provides 
an excellent overview of all relevant organs within the 
different compartments of the pelvis and the bony 
frame. In addition, we are familiar with this kind of 
view since the days of conventional cystography or 
evacuation proctography. But in our opinion, for a suf-
fi cient depiction of the complexity of the pelvic fl oor, at 
least two different slice orientations perpendicular to 
each other are required. Opposed to this, in the litera-
ture coronal and axial slices are only occasionally used 
to achieve additional information [12, 13, 41, 43].

Therefore our own protocol routinely includes, 
besides the midsagittal plane, a single axial slice as well 
as a stack of coronal slices. The axial slice at the level of 
the inferior border of the symphysis bone or the ischi-
atic tubera nicely depicts the urogenital hiatus with its 
content and the puborectal portion of the levator ani 
muscle. Changes in the signal intensity of the femo-
ral vein allow for the estimation of the straining effort 
by the patient. Unfortunately this slice orientation is 
prone to changes in the tilting of the pelvis.

Due to the lack of whole coverage of the pelvic 
fl oor coronal images are necessary to evaluate the 
entire anatomic region [12, 34, 42, 43]. We perform 
a coronal stack of slices while the patient is continu-
ously straining. Those images depict the levator ani 
muscle in more detail and facilitate the detection of 
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lateral rectoceles, levator ani hernias or a rectal intus-
susception. In addition, the sacrouterine ligaments 
are best visualized using this slice orientation.

If, after all, some fi ndings on the images remain 
unclear, an oblique or double-oblique slice orienta-
tion adjoining the structure of interest is highly rec-
ommended. This requires an online survey of the 
images during the examination (e.g. asymmetric bal-
looning of the urogenital hiatus) and anticipation of 
possible fi ndings (e.g. hernia or lateral rectocele). 

13.4 
Image Analysis

Once image acquisition is complete the single slices have 
to be rearranged according to their anatomical position 
and timely succession and then can be viewed in a cine 
loop. Although the visual impression of organ move-
ments is decisive, certain aids have been developed to 
quantify the extent of the observed pathologies. Unfor-
tunately, to date no general agreement on what and how 
to measure has been achieved (see Table 13.1).

A guideline for image analysis should include the 
following points: bony pelvis, muscles and ligaments of 
the pelvic fl oor, and the degree of movement of organs 
and reference structures under specifi ed loads.

13.4.1 
Bony Pelvis

Functional cine MRI should not be confused with 
MR pelvimetry and cannot replace it, but to have a 
look at bony structures can sometimes be helpful. 
The lower pelvis is part of the intraabdominal cavity 
and the pelvic fl oor as the inferior closure is exposed 
to the changing forces within this compartment. The 
pelvic bones as a surrounding superstructure pro-
tect and support the soft tissues and pelvic viscera. 
Retzky et al. [37] describe a perpendicular relation-
ship of the abdominal and pelvic cavity in a properly 
orientated bony pelvis. In their opinion this directs 
the pressure towards the pubic symphysis and away 
from the pelvic fl oor. Lazarevski [27] compared 
340 women with pelvic organ prolapse to a control 
group of 136 female without any evidence of organ 
descent. Pelvimetry on conventional X-ray pictures 
revealed signifi cant differences of bony parameters 
between both groups. Among the patient group he 

noticed a more horizontal orientation or tilting of the 
pelvis with an upward movement of the pubic bone 
while straining. In addition, a signifi cant increase in 
the distance between the inferior-posterior border of 
the pubic symphysis and either the S5-level or the tip 
of the coccygeal bone was measured. He concluded 
that this ultimately might result in an increased pres-
sure load on the pelvic fl oor and thus may weaken 
the pelvic fl oor structures and lead to descensus and 
prolapse. Similar results were observed by Handa 
et al. [16] with MR pelvimetry, who found a wider 
transverse inlet and a shorter obstetrical conjugate 
to be associated with pelvic fl oor disorders.

In our own experience more than half of the female 
patients tend to tilt the pelvis as previously described 
in order to promote the defecation process. In addi-
tion, most female patients demonstrate an outward 
bulging of the ventral abdominal wall due to relaxa-
tion of weakened abdominal muscles. Moreover, the 
shape of the sacral and coccygeal bones varies con-
siderably, as can be seen on midsagittal MR images. A 
simple computer model of the abdominopelvic cavity 
can make these interrelations apparent. An increase 
in relaxation of the abdominal wall and/or a deep 
sacrococcygeal cavity diminishes the force transmis-
sion to the pelvic fl oor. This might alter the voluntary 
triggering of the defecation or voiding process.

Furthermore, Tarlov (perineural) cysts can fre-
quently be seen at the lumbosacral transition or 
sacral segments of the spine. The normal prevalence 
of these cysts is reported to be 4.6%, but we noticed 
them in up to 12% of our patients. Tarlov cysts can be 
symptomatic by putting pressure on the nerve root 
[35, 48], but yet it is not proven that this can cause 
secondary muscular pelvic fl oor weakness.

Other incidental pathologies include occult stress 
fractures of the sacral bone or coccygodynia. In the 
latter, a bone edema as well as a surrounding small 
rim of fl uid can be seen. Confi guration and mobility 
of the coccygeal bone should be noted. Bo et al. [2] 
found a ventrocranial movement of 8.1 mm during 
contraction and a caudodorsal movement of 3.7 mm 
during straining, but there were no statistical differ-
ences between continent and incontinent women.

13.4.2 
Pelvic Floor Muscles and Ligaments

The pelvic fl oor muscles on the whole do not rep-
resent a simple linear plate or hammock which is 
interconnected between the bony structures, but a 
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complex 3D structure [20]. Therefore, linear meas-
urements on 2D MR images can vary considerably. 
In their study Hoyte et al. [22] measured the ante-
rior-posterior dimension of the levator hiatus using 
slightly rotated images. Calculated and measured 
values differed and showed up to 15% variation.

There are several reasons for this: (1) Most cuts 
through the muscles on MR images are not com-
pletely perpendicular to the muscle itself, and there-
fore cutting the muscle oblique the measurements of 
the thickness are falsifi ed and are more or less too 
large. (2) The position of the subject within the MR 
scanner can vary. It is highly recommended to posi-
tion the patient properly. On the coronal localizer 
both acetabular bones should be at the same level. 
Tilting of the pelvis in the vertical axis during con-
traction and straining should be eliminated. In our 
experience changes of more than 5 mm or 10º already 
account for visual asymmetry of muscular structures 
[3]. Interobserver accuracy has to be considered, 
especially in thin structures of only a few millimeters 
in size [4]. The accuracy of measurements is limited 
to about 1 mm on most workstations.

Nevertheless, in the literature a variety of param-
eters concerning pelvic fl oor muscles have been ana-
lysed on functional images: width of the levator hiatus 
on axial [8, 10, 12, 22, 24, 32, 43], coronal [13, 20] and 
sagittal images [5, 42], thickness of the iliococcygeal 
portion of the levator ani muscle on coronal and axial 
images [42], range of movement of the levator ani 
muscle (iliococcygeal part) on coronal images [20], 
cross-sectional area of the urogenital hiatus on axial 
images [12, 17, 32, 41], as well as the surface of the 
levator ani calculated on coronal images [17]. In addi-
tion, three different angles have been proposed: the 
levator-plate [12, 13, 17, 21], the levator-vaginal [13, 
21] and the iliococcygeal angle [42].

The levator plate angle (LPA) is the angle between 
the posterior part of the levator ani muscle (iliococcy-
geal portion) as seen on the midsagittal image and the 
pubococcygeal reference line (PC line; see Sect. 13.4.3). 
In a similar way, the levator-vaginal angle is calculated 
by measuring the angle between the posterior portion 
of the levator ani plate and a line drawn through the 
horizontal axis of the upper third of the vagina [41]. 
Yet another parameter to access the orientation and 
slope of the iliococcygeal muscle is the angle between 
this muscle and the transverse plane of the pelvis on 
coronal images [42]. However, especially in measuring 
angles, there is a great inter- and even intraobserver 
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 same 
applies to more or less all other measurements involv-
ing muscular structures of the pelvic fl oor and makes 
all these highly questionable.

Nevertheless, looking at the shape of the various 
parts of the levator ani muscle reveals additional infor-
mation. Muscle defects with or without hernias are 
best seen on coronal images. A steep orientation of the 
coccygeal portion of the levator ani muscle on midsag-
ittal images together with a ballooning of the puborec-
tal portion on axial images is indicative of pelvic fl oor 
weakness (Fig. 13.1c,d). Asymmetry or even complete 
loss of the right puborectal portion of the levator ani is 
a frequent fi nding in parous women after episiotomy. 
Intramuscular hematomas due to excessive straining 
or a thickened coccygeal portion in patients with leva-
tor ani syndrome or extensive scars due to previous 
surgery are other possible diagnoses.

Ligaments play an important role in supporting 
the organs of the pelvic fl oor and tears within these 
ligaments have been reported to be the cause of rec-
toceles or uterine/vaginal descent. Yet their anatomic 
existence and thus their infl uence on the pelvic fl oor 
remain controversial [11]. On functional MRI, with the 
exception of three ligamentous structures, no other 
corresponding structures are discernible. The three 
structures mentioned are: the rectovaginal interface, 
the anococcygeal ligaments and the sacrouterine liga-
ments. The fi rst two structures are best seen on mid-
sagittal images, whereas the sacrouterine ligaments 
can be nicely delineated on coronal images. On func-
tional MRI the rectovaginal interface is seen between 
the posterior wall of the vagina and the anterior wall 
of the rectum, 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.

13.4.3 
Assessment of 
Pelvic Organ Mobility – Reference Lines

To evaluate the range of movement of the organs of 
the pelvic fl oor under load a variety of reference lines 
have been established. On general agreement, the 
ideal reference line system should accomplish certain 
criteria: (1) Mark the level of the levator ani muscle 
as the main supporting structure of the entire pelvic 
fl oor; (2) be independent of tilting of the pelvis by 
using two or more well defi ned bony landmarks; (3) 
describe the range of organ movement in at least two 
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different imaging planes. (4) provide the possibility 
to compare fi ndings on MR images with the results 
of the clinical examination and clinical classifi cation 
systems. To date no single reference line or grading 
system meets all the above-mentioned criteria.

The most commonly used reference line is the so 
called pubococcygeal line (PC line) (Figs. 13.1–13.3). 
This line was originally used for many years for the 
evaluation of organ descent on cystography and 
evacuation proctography. It was fi rst introduced in 
functional MRI by Yang et al. [49] and is the refer-
ence line most commonly used.

Unfortunately, there are three different kinds of PC 
lines mentioned in the literature with an additional 
two different types of measuring the distance between 
the reference organ and the PC line itself. All PC lines 
are drawn on midsagittal images and start at the infe-
rior-posterior rim of the pubic symphysis. The second 
bony landmark is either the fi rst sacrococcygeal joint 
[2, 17, 20, 21, 24, 36], the last visible coccygeal interver-
tebral space [1, 10, 12, 30, 49] or the point of insertion 
of the coccygeal portion of the levator ani [14]. While 
most authors measure the distance of the organ in 
respect to the PC line by drawing a perpendicular line, 
some prefer to use a vertical line instead [46, 49]. The 
PC line certainly fulfi lls  criteria 1 and 2 and is suitable 
for comparison of clinical and MR fi ndings [43].

The HMO system proposed by Comiter et al. [5] 
is also based on the PC line. In addition they used 
the posterior anorectal junction as a third landmark 
on midsagittal images and measured the width of the 
urogenital hiatus (H line) from here to the posterior 
rim of the symphysis. The M line describes the per-
pendicular distance of the anorectal junction to the 
PC line. Finally with the O classifi cation the degree of 
visceral prolapse is graded qualitatively according to 
the descent beyond the H line. In their study of 164 
consecutive patients with either pelvic pain or organ 
prolapse this system proved to be a straightforward 
and reproducible method for staging and quantifi ca-
tion of pelvic fl oor relaxation and organ prolapse. 
However, there are several drawbacks in this study. 
The anorectal junction represents a muscular land-
mark hard to defi ne on sagittal images especially if 
no opacifi cation of the rectum has been used. No 
intra-/interobserver evaluation was performed and 
the staging of the grade of organ prolapse with the 
O classifi cation is only subjective. Comparison with 
clinical fi ndings was not achieved. Therefore, in view 
of criteria 2, 3 and 4 it remains questionable if this 
extension to the PC line will have any impact on 
image analysis in daily routine.

Other proposed reference lines are: the horizontal 
line at the level of the inferior border of the pubic sym-
physis on midsagittal images [28, 43], the symphysi-
osacral line on midsagittal images between the superior 
border of the pubic bone and the distal sacral bone [6] 
and the midpubic line through the longitudinal axis of 
the pubic bone [41]. The horizontal line is lacking the 
fi rst three criteria while representing the level of the 
ischiatic tubera. The slope of the symphysiosacral line 
is too steep to refl ect the levator plate. The midpubic 
line is of some value for comparison of clinical and MR 
fi ndings [41] as it represents approximately the level 
of the vaginal introitus. In conclusion, the diversity of 
all reference lines makes it completely impossible to 
compare the different published results.

13.4.4 
Defi nition of Pathological Findings

In order to establish a diagnosis several reference 
structures have been introduced together with the 
reference lines. Within the anterior compartment 
the bladder base or the most caudal part (mostly 
the dorsal wall) of the bladder are mentioned. The 
cervix or the posterior fornix of the vagina are refer-
ence structures within the middle compartment. The 
anorectal junction is the only reference structure of 
the posterior compartment.

By defi nition an organ descent is diagnosed if 
one or all of the previously mentioned reference 
structures descend below the suitable reference line. 
Throughout the literature the reference line com-
monly used for evaluating the position of the bladder 
and the cervix or vaginal vault is the PC line. There-
fore a cystocele or a uterine descensus is diagnosed 
if these structures descend below the PC line. Several 
authors propose a grading system of organ prolapse 
using steps of 2 or 3 cm [1, 5, 12, 13, 41].

The diagnosis of an enterocele is more diffi cult 
and intimately related to the pouch of Douglas. The 
normal depth of the rectouterine space is about 5 cm 
as shown by Kuhn et al. [26]. Depending on the depth 
and/or the content of the pouch a variety of defi ni-
tions of an enterocele are used. In evacuation proc-
tography most authors defi ne an enterocele either 
as a widening of the distance between the vagina 
and rectum or a deepening of the rectovaginal space 
beyond the upper third of the vagina. According to 
this, in functional cine MRI a descent or widening of 
the pouch of Douglas below the PC line is considered 
to be pathological [30, 43]. Visible small bowel loops 
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Fig. 13.1a-d. Combined organ descent in a 40-year-old primiparous 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 reference line (white line). The rectum (R) shows 
no anterior bulging. Vagina and rectum are fi lled with sonography gel. b During the fi rst 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 com-
pression of the rectal lumen. Note the relaxed levator ani muscle 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

a b

c

d
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Fig. 13.3. 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 direc-
tion occurs. The depth of the rectocele 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

Fig. 13.2a,b. Multiparous 71-year-old woman with defecation disorder. Midsagittal T2-weighted MR images of the pelvis ob-
tained with the patient straining repeatedly. a During the fi rst straining episode the well gel-fi lled rectum (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 stabilizes 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 incom-
plete emptying of the rectocele and rectum (R) a large enterocele (E) has developed with mesenterial fatty tissue sliding down 
into the rectovaginal space. The sonography gel in the vagina has been evacuated passively. These fi ndings are accompanied by 
a small cystocele with funneling of the urethra (arrow) and a vaginal vault descent (asterisk)

a b
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or sigmoid colon sliding down into the pouch during 
straining confi rm the diagnosis of an enterocele.

The most widely accepted defi nition of a rectocele 
was proposed by Yoshioka et al. [50]. The depth of 
the rectocele is calculated by measuring the distance 
between a line drawn parallel to the anal canal and the 
most ventrocaudal part of the bulging of the anterior 
rectal wall (Fig. 13.4). If the depth exceeds 3 cm the rec-
tocele is believed to be pathological [6, 12, 18]. Neverthe-
less, a considerable overlap between fi ndings in normal 
volunteers and patients has been reported [40].

13.5 
Typical Findings

13.5.1 
Anterior Compartment

The bladder as a fl uid-fi lled structure is hyperintense 
on T2-weighted images. Depending on the degree of 
fi lling the shape of the bladder can vary considerably, 
ranging from a more triangular to a round profi le 
(Figs. 13.1b vs 13.3a). At rest it is situated superior-
posterior to the pubic symphysis (Fig. 13.1a). On mid-

sagittal images an area of fat-equivalent signal inten-
sity is seen between the pubic bone and the bladder 
(retropubic space; space of Retzius) which adds to the 
displacement of the bladder (Fig. 13.1a). This area can 
be enlarged in patients with incontinence [45]. The 
urethra is normally not well delineated on the mid-
sagittal images, but its typical target-like appearance 
can be easily noted on axial images. The supporting 
muscular and connective structures of the urethra are 
still debated and not discerned on functional MRI. 
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 easily be noted as the bowel 
loops stick in a fi xed position to the upper bladder wall 
and do not glide freely as they are supposed to while 
the patient is straining. 

Both the urethra and the bladder are exposed to the 
increasing intraabdominal pressure during Valsalva´s 
maneuver. A cystocele is present if the bladder neck 
or any part of the posterior wall of the bladder moves 
below the PC line (Fig. 13.1c, 13.3b). Both the proxi-
mal urethra and the bladder neck descend and rotate 
around the pubic bone, initially moving posterior-infe-
rior. A non-specifi c fi nding in patients with involun-
tary loss of urine is funneling of the proximal urethra 
(Fig. 13.2b). 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 (Fig. 13.2a,b). Recurrence of a cystocele 
after retropubic or vaginal operations for stress incon-
tinence can be nicely revealed by functional MRI. In 
these patients the proximal urethraand the bladder 
neck maintain their normal position superior to the 
symphysis, but the posterior wall of the bladder bulges 
into the anterior vaginal wall (Fig. 13.3a,b). Finally in 
case of previous procedures for urinary incontinence 
one should look for sling material or injections of bulk-
enhancing agents such as collagen, all of which are nor-
mally hypointense on MR images [4].

13.5.2 
Middle Compartment

In a normal anatomical setting the vagina, the rectum 
and the posterior components of the levator ani 
muscle lie one upon the other (Fig. 13.1a). There-
fore, the position of the vagina and uterus is depend-
ent on the amount of fi lling of the rectal ampulla. 

Fig. 13.4. 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
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If a vaginal or uterine descent is present, only after 
the rectum has been emptied both structures move 
ventro-caudally beyond the PC line (Fig. 13.1b,c). 
This is why the PC line itself might underestimate 
an organ descent in the middle compartment [24]. 
The point of reference is either the posterior fornix 
of the vagina or the cervix. In cases of 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. 13.2b). Elongated sacrouterine liga-
ments may be discerned on coronal images. Fascial 
defects, e.g. paravaginal defects or tears within the 
rectovaginal septum can not be appreciated on func-
tional cine MRI alone, for this high spatial resolution 
static images are necessary.

The pouch of Douglas normally represents the 
deepest point within the intraabdominal cavity and 
is predisposed for an internal hernia. This posterior 
herniation of peritoneum may contain fat (perito-
neocele), small bowel loops (enterocele) or sigmoid 
colon (sigmoidocele). The criterion for making the 
diagnosis of an enterocele is the descent of bowel 
loops below the PC line [24, 31]. The hernial sack fol-
lows the course of the vagina along the rectovaginal 
septum. A simple widening of the rectovaginal space 
or deepening of the pouch of Douglas below the PC 
line without bowel loops is defi ned as a peritoneocele. 
If the mesenteric root is too short an enterocele is 
unlikely to occur. Occasionally the herniation can be 
lateral or anterior, in this case coronal images may be 
helpful for a correct assessment. Again a large ente-
rocele can mask either a cystocele or a rectocele [31, 
43]. After sacrocolpopexy or uteropexy functional 
MRI is able to depict the foreign material and to dem-
onstrate its intact function [33] (Fig. 13.3a,b).

13.5.3 
Posterior Compartment

The rectum behaves like a fl exible and expansible tube. 
It can fold on itself with a lateral or anterior displace-
ment and kinking. Most often a bulging of the anterior 
rectal wall is noted [34]. These anterior rectoceles are 
normal fi ndings and even large rectoceles may be clin-
ically asymptomatic. In the literature a rectocele with a 
depth of more than 3 cm is regarded as to be a patho-
logical fi nding [50]. Nevertheless it should be stressed 
that there is a considerable overlap between healthy 
volunteers and women with pelvic prolapse [40]. The 

direction of a rectocele is either anteriorly (to the distal 
segment of the posterior vaginal wall) (Figs. 13.1b, 
13.4), laterally (Fig. 13.5) or dorsally (Fig. 13.2a). It is 
important to notice if the rectocele empties completely 
with the defecation or if contrast medium is trapped 
in the rectocele. Lateral rectoceles are missed in the 
midsagittal images but clearly become apparent in the 
coronal images (Fig. 13.5).

Intussusceptions are mucosal or mural rectal wall 
invaginations which can be located anteriorly or posteri-
orly or can affect the whole circumference. They present 
as a circumscribed thickening of the rectal mucosa and 
the wall (Fig. 13.2a). A caudal movement of this rectal 
segment into the anal canal marks the beginning of an 
internal rectal prolapse. But note that the differentia-
tion between an intussusception 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. 13.6). The internal rectal 
prolapse may eventually protrude through the anal canal 
and then becomes an external rectal prolapse.

Often an organ descent in/of the anterior or middle 
compartment typically leads to a compression of 
the ventral rectal wall. This fi nding can promote an 
internal rectal prolapse and might account for a stool 
entrapment and a stool outlet obstruction (Fig. 13.1c).

13.5.4 
Levator Ani Muscle

On the midsagittal images the posterior aspects of 
the levator ani muscle can be delineated. An adequate 
relaxation of the puborectal sling during defecation 
with a resulting vertical orientation of the posterior 
levator ani should be noted. If the levator ani muscle 
is still contracting during straining and even def-
ecation, this paradoxical fi nding is called anismus, 
which can cause incomplete evacuation and stool 
outlet obstruction symptoms. Displacement of the 
anorectal junction in relation to the PC line is used as 
a parameter to defi ne a rectal descent [12, 18, 25, 41]. 
A ballooning of the levator muscle on axial images 
is obvious in patients with weakness of the pelvic 
fl oor muscles (Fig. 13.1d). By contrast in asympto-
matic volunteers the genital hiatus and the puborec-
talis sling keep the typical V-like shape under load 
[43]. The width of the urogenital hiatus should not 
exceed 5 cm [32]. Again on axial images an asymmet-
ric appearance of the puborectal part of the levator 
muscle can be seen in cases after episiotomy.
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13.6 
Rating of Functional Cine MRI

Most published studies focused on different technical 
aspects of the method and confi rmed the usefulness 
of the method by depicting signifi cant differences 
between two study groups, which differed in clinical 
means [5, 10, 13, 17, 19, 25, 28, 42, 46, 49].

13.6.1 
Functional Cine MRI Versus 
Fluoroscopy/Colpocystorectography

Approximately ten studies compare functional cine 
MRI with conventional X-ray examinations. The 
majority of these studies come to the conclusion that 
functional cine MRI is at least equal to conventional 
fl uoroscopic methods and in some aspects can be 
superior. Delemarre et al. [6] examined 14 patients 
with radiographic defecography and additionally with 
functional cine MRI and evaluated qualitative grading 
and quantitative measurements of anterior rectoceles. 
They stated that the potential of MRI with regard to 

Fig. 13.6. A 66-year-old female with fecal incontinence. Midsagittal 
T2-weighted MR images obtained during defecation. The arrows 
mark an internal rectal prolapse with folding of the rectal mucosa 
and rectal wall in the direction of the opened anal canal (asterisk). 
Moderate descensus of the bladder (B) and vagina (V)

Fig. 13.5a,b. A 67-year-old female patient after sacrocolpopexy with recurrence of a cystocele. Midsagittal static (a) and func-
tional (b) T2-weighted MR images at rest (a) and during straining (b). a Static MR images demonstrate the synthetic material 
fi xing the vaginal apex (V) to the promontory (arrows). B, bladder; R, rectum. b Typical fi ndings 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

a b
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anterior rectoceles seems absent. Drawbacks of the 
study are the prone position of the patient and the 
missing opacifi cation of the rectum. Our own results 
on two occasions are more in favour of functional cine 
MRI [30]. We examined fi ve asymptomatic volunteers 
and 44 female patients with both imaging modalities. 
In terms of diagnosis MRI was either identical (21 
cases) or superior (18 cases) to dynamic fl uoroscopy. 
As a result sensitivity and specifi city rated higher for 
MRI than for dynamic fl uoroscopy. Functional MRI 
was especially helpful in the depiction of pathologies 
within the middle compartment (descent of uterus, 
enteroceles) and in revealing changes in the dominant 
type of prolapse. Healy et al. [18] found a signifi cant 
correlation of standard measurements of the anorec-
tal confi guration using functional MRI and evacua-
tion proctography in ten women with constipation. In 
addition, functional MRI was able to show signifi cant 
changes of muscular parameters in 11 women with 
otherwise normal proctograms [17]. Schoenenber-
ger et al. [39] examined 15 patients with defecation 
disorders using an open-confi guration MR system. 
MR images showed all pathologic fi ndings except for 
one case of intussusception in a patient with spastic 
pelvic fl oor syndrome, whereas defecography missed 
four pathologic conditions. Thus MR defecography 
was rated superior to fl uoroscopic defecography. In 
the study performed by Gufl er et al. [14] 32 women 
with urinary incontinence or organ prolapse were 
examined using bead-chain cystourethrography or 
colpocystorectography and functional MRI. MRI cor-
rectly diagnosed the degree of bladder descent with a 
coeffi cient of determination of 0.81 and 0.85. Cystoure-
thrography alone missed all rectoceles, whereas MRI 
as well as colpocystorectography correctly depicted 
this pathologic fi nding. Enteroceles could only be diag-
nosed by MRI. In an additional study in 2004 Gufl er 
et al. compared colpocystorectography in the upright 
and supine position with functional MRI [15]. They 
did not fi nd a signifi cant difference between MRI and 
colpocystorectography either in the supine or in the 
upright position. Another study comparing conven-
tional X-ray methods with functional MRI was pub-
lished by Vanbeckevoort et al. [47]. Functional MRI 
was compared to colpocystodefecography with maxi-
mum straining and during voiding and defecation in 
35 women with pelvic fl oor descent. When compared 
to the X-ray method MRI exhibited a specifi city of 
100% in all compartments. But the sensitivity of MRI 
proved to be inferior, being as low as 13% for the 
detection of vaginal vault descent and 56% for the 
diagnosis of a rectocele. The authors state that MRI is 

unreliable especially in the anterior and middle com-
partment. This study nicely demonstrates the impact 
of the defecation process on diagnosis: here functional 
MRI without defecation was compared to colpocysto-
defecography with defecation.

In their study Kelvin et al. (24) compared cysto-
colpoproctography with opacifi cation of all relevant 
organs to functional MRI in the supine position with 
opacifi cation of the bladder, vagina and rectum. In addi-
tion to our own protocol they added a post-toilet phase. 
They conclude that MR imaging and cystocolpoproc-
tography showed similar detection rates for prolapse 
of pelvic organs but with the advantage of MRI that it 
reveals all pelvic organs and pelvic fl oor musculature.

13.6.2 
Functional Cine MRI in Asymptomatic Subjects

Although most studies include asymptomatic volun-
teers as a control study group there are only two reports 
in the literature which exclusively defi ne the normal 
range of fi ndings in asymptomatic individuals.

Goh et al. [12] examined 25 men and 25 women 
on a 1.0-Tesla system in the supine position with the 
volunteers being at rest and during straining. All vol-
unteers 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 cal-
culated the pelvic fl oor hiatus area and perimeter as 
well as the anorectal and levator plate angle.

Our own study included 20 female volunteers who 
showed no pathologic fi ndings on clinical exami-
nation and urodynamics [32]. Functional MRI was 
performed in the supine position using a 1.5-Tesla 
system. Vagina and rectum were opacifi ed with ultra-
sound gel. Among others we calculated the position 
of the bladder base, posterior vaginal fornix and the 
anorectal junction in relation to the PC line and the 
horizontal reference line. The width and area of the 
levator hiatus, as well as several bony parameters, were 
calculated. Unfortunately due to the lack of standard-
ization these two studies stand by themselves.

13.6.3 
Functional Cine MRI Versus Clinical Pelvic Organ 
Prolapse Quantifi cation Staging System

In 1996 the International Continence Society (ICS) 
introduced the ICS score to standardize the meas-
urement of pelvic organ descent and prolapse at the 
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gynaecological examination [3]. To date such a widely 
accepted pelvic organ prolapse quantifi cation staging 
system (POPQ) has not been developed for imaging 
of the pelvic fl oor. Two questions are of considerable 
interest: (1) Is functional MRI able to detect relevant 
morphological changes in patients with only minor 
or no clinical fi ndings (POPQ stages I or O)? (2) Does 
the reference line system adopted by the radiologists 
correlate with the POP-Q system?

So far there are only two studies mentioned in 
the literature which address the above problems. 
Hodroff et al. [21] showed in their study that func-
tional MRI was able to detect signifi cant anatomic 
changes in POP stage O patients. In addition Singh et 
al. [41] tried to defi ne a grading system by functional 
MRI using the same landmarks as the clinical grad-
ing system. They introduced the midpubic reference 
line as an approximation to the plane of the hymen. 
By using it they found a good correlation between the 
radiological and the clinical reference systems.

13.7 
Conclusion

Taking all the above-mentioned into account, indica-
tions for functional cine MRI still remain controver-
sial. The method itself is not yet standardized, and so 
far only a 2D approach for functional imaging of the 
pelvic fl oor exists. With the advance of fast “parallel 
imaging” a stack of two to three slices within the same 
acquisition time seems possible.

In patients with disorders of pelvic support func-
tional MRI is an alternative to conventional X-ray 
procedures like urethrocystography, colpocystorec-
tography or evacuation proctography. Functional MRI 
proved to be equal or superior to these methods. Due 
to its multiplanar capability, superb soft tissue con-
trast and lack of superimposition additional fi ndings, 
e.g. muscular or even ligamentous defects, may be well 
outlined. No other radiological modalities can provide 
such comprehensive information to the operating 
physician. Functional cine MRI proved to be especially 
helpful in patients with equivocal clinical fi ndings, e.g. 
to determine a dominant hernial orifi ce, to outline an 
enterocele or for postoperative follow-up examina-
tions. But further studies will be needed to determine, 
among others, the cost effectiveness of this method. In 
summary, functional cine MRI will be the modality of 
choice in patients with pelvic fl oor dysfunction.
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14.1 
Clinical Background

Arrest of labor with the necessity of performing sec-
ondary cesarean section is a major cause of mater-
nal morbidity and mortality. The fetus is likewise 
affected by prolonged labor. Pelvimetry is performed 
to identify those women in whom an attempt at vagi-
nal delivery is likely to fail due to a narrow pelvis 
or pelvic anomaly. Hence, the clinical signifi cance 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 pelvimetry with 
few side effects? 
Is there evidence from randomized and controlled 
studies that pelvimetry improves maternal and/or 
fetal outcome?

14.1.1 
Primary versus Secondary Cesarean Section

The aim of pelvimetry is to identify maternal pelvic 
deviations that preclude vaginal delivery or would 
considerably prolong labor. If the results of pelvim-
etry suggest that vaginal delivery would be very dif-
fi cult, primary cesarean section should be suggested. 
Both the mother and infant can thus be spared sec-
ondary cesarean section after protracted labor. The 
clinical signifi cance of pelvimetry crucially depends 
on whether primary cesarean section can reduce 
maternal and fetal morbidity as compared with sec-
ondary cesarean section.

Cesarean section is performed as a primary 
(scheduled) or secondary (non-scheduled, after fail-
ure of labor to progress) procedure. The total number 

●

●
●

●
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of cesarean sections, i.e. the sum of primary and sec-
ondary interventions, is 15%–30% in western indus-
trialized countries. The mortality risk associated 
with vaginal delivery and cesarean section was deter-
mined in a study in Bavaria by Welsch [1]. 

Cesarean section mortality attributable to the 
intervention is defi ned as the number of deaths occur-
ring per 1000 cesarean sections during or within 42 
days of the intervention and that are due to surgi-
cal 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 elective cesarean sections are compared with 
vaginal deliveries.

These fi gures underline that secondary cesarean 
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 duration 
of labor, in particular of the second stage, cor-
relates 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 prolonged 
labor. The higher need for vaginal operative deliv-
ery in women with protracted labor is associated 
with a higher rate of maternal injuries, pain, hema-
tomas, urinary retention, and anemia as compared 
with spontaneous delivery [2]. Women with pro-
longed labor and secondary cesarean section have 
an increased risk of infection or puerperal fever.
Atonic postpartum hemorrhage is a characteristic 
of long labor and again increases the risk of pro-
tracted recovery and infectious complications.
Birth Experience: No adequate systematic data is 
available on the emotional stress associated 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 cesar-
ean section bear a considerable risk of maternal mor-
bidity and mortality and also increase fetal morbid-
ity. Modern obstetrical management therefore aims 
to ensure uncomplicated and speedy spontaneous 
delivery or, in women where this goal seems unat-
tainable (or is not the mother’s preferred option), to 
plan elective 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 signifi cance.

14.1.2 
Can Arrested Labor Be Treated Eff ectively?

Normal delivery is based on the complex interaction 
of maternal factors, fetal properties, and adequate 
labor. If this interaction of “Passages, Passenger, and 
Powers” is disturbed, labor is protracted or even 
arrested. The failure of labor to progress is therefore 
not a diagnosis but a symptom that is amenable to 
treatment (e.g. when caused by inadequate uterine 
contractions) or not (e.g. absolute cephalopelvic dis-
proportion). Isolated evaluation of either of the three 
factors, passages, passenger, and powers, is of limited 
value as, for instance, cephalopelvic disproportion 
can be diagnosed only if one looks at both the mater-
nal pelvis and the fetus (“this pelvis is too small for 
this fetus”).

14.1.3 
Abnormal Length of Labor: Diagnosis and Causes

14.1.3.1 
Diagnosis

The onset of delivery is most commonly defi ned as 
the occurrence of regular and painful uterine con-
tractions that result in progressive dilatation and 
effacement of the cervix.

The course of delivery is determined by the follow-
ing variables:

Size and shape of the maternal pelvis
Flexibility of the maternal soft tissues in the pelvis, 
adaptation of the ligaments and bony pelvis to the 
fetus
Remodeling of the cervix
Regular birth mechanism of the fetus
Fetal head molding
Effi cient uterine contractions

●
●

●
●
●
●
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The results reported by Friedman in the 1950s 
still serve as the basis for diagnosing delayed labor 
[3, 4]. Arrest of labor during the fi rst stage (the stage 
of cervical dilatation) is the absence of any progres-
sion of labor over a period of 2 h. The second stage 
(complete dilatation of the cervix until the onset of 
expulsive contractions) should not exceed 2 h.

14.1.3.2 
Inadequate Progression of Labor Due to 
Maternal Factors (“the Passage”)

14.1.3.2.1 
Cephalopelvic Disproportion

Failure of adequate progression of labor due to 
cephalopelvic disproportion with imminent fetal 
asphyxia is the most common reason to perform sec-
ondary cesarean section. Arrest is typically caused by 
a combination of a large infant, an abnormal birth 
mechanism, and a narrow maternal pelvis. Detectable 
abnormal narrowing with an absolute disproportion 
occurs in 0.5%–1% of all deliveries today (Fig. 14.1). 
The incidence of borderline pelvic fi ndings in which 
the size of the child and the birth mechanism together 
decide whether spontaneous delivery will be possible 
is much higher (Table 14.1).

Other maternal factors that may prolong or arrest 
labor include cervical leiomyomas or scarring 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.

14.1.3.3 
Inadequate Progression of Labor Due to 
Fetal Factors (“the Passenger”)

An abnormal birth mechanism (abnormal fetal pres-
entation and position) prevents adequate progres-
sion of labor just as often as maternal factors. Other 
fetal causes are macrosomia or fetal anomalies asso-

ciated with macrohydrocephalus or an abnormally 
large circumference of the fetal abdomen or rump 
(pronounced ascites, sacrococcygeal teratoma).

14.1.3.4 
Inadequate Progression of Labor Due to 
Ineffi  cient Contraction (“the Powers”)

Weak uterine contractions as a cause of inadequate 
progression of labor are most amenable to treatment. 
Ineffi ciency may become manifest as hypoactive, hyper-
active, or uncoordinated contractions and hypertonic 
motility. Both hypoactivity and hyperactivity may occur 
secondary to mechanical obstruction.

14.1.4 
Interventional Management of 
Inadequate Progression of Labor

Of the three components involved in normal deliv-
ery (“Passages, Passenger, Powers”), only labor 
(“Powers”) is easily amenable to treatment.

Assistance in women with hypoactive and uncoor-
dinated contractions is recommended if progression 
is delayed and cephalopelvic disproportion has been 
excluded as the cause. Oxytocin is the drug of fi rst 
choice [5].

Table 14.1. Features of different pelvic shapes in comparison 
with the gynecoid (normal) pelvis. An android pelvis is associ-
ated with a higher incidence of deep transverse arrest, an anthro-
poid 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

Pelvic shape Pelvic inlet Pelvic outlet Obstetric conjugate

Android Normal Shorter Normal

Anthropoid Shorter Normal Longer

Platypelloid Longer Normal Shorter

Fig. 14.1a–c. Pelvic shapes from left to right: Normal pelvic shape and width (cranial view). Generally narrow pelvis (all pelvic 
parameters are shortened). Platypelloid pelvis with a markedly shorter obstetric conjugate

ba c
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In summary, arrested labor is often a multifacto-
rial process resulting from the complex interaction 
of maternal pelvic size, size and presentation of the 
fetus, and labor activity. Effective therapeutic meas-
ures are only available for inadequate labor while 
no treatment is available for most other causes of 
arrested labor.

14.2 
Clinical Methods of Pelvimetry

14.2.1 
External Pelvimetry and Evaluation of 
Michaelis’ Rhomboid

The normal values for the external pelvic measures 
are 25–26 cm for the interspinous distance, 28–29 cm 
for the intercrest distance, 31–32 cm for the intertro-
chanteric distance, and 20 cm for the external con-
jugate. 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 depression), the two 
posterior spines of the ilia (lateral depressions), and 
the groove at the distal end of the vertebral column 
(lower depression). The rhomboid is usually a square 
while its height increases considerably relative to its 
width in women with general narrowing of the pelvis. 
The lateral dimples are elevated in women with an 
android pelvis.

External pelvimetry will identify only pronounced 
deviations from the normal pelvic confi guration that 
are rare in the European population.

14.2.2 
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 coccy-
gis (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.

14.3 
MR Pelvimetry

Magnetic resonance (MR) pelvimetry was introduced 
in 1985 by Stark et al. [6]. MRI offers the benefi t 
of accurate measurements of bony pelvic structures 
without exposure to ionizing radiation. The tech-
nique further allows imaging of soft-tissue struc-
tures, including the fetus, and has therefore replaced 
X-ray and computed tomography (CT) pelvimetry 
to become the modality of choice for obstetric pel-
vimetry [6–8].

14.3.1 
Safety Issues and Contraindications

Whereas prenatal X-ray exposure has been associ-
ated with an increased risk of childhood cancer [9, 
10], numerous studies of MRI in pregnant women 
have not revealed any experimental or clinical evi-
dence of fetal harm. Thus, MRI is considered safe for 
both the mother and the developing fetus [11, 12].

MR pelvimetry has become a well-established clin-
ical indication during pregnancy. Nevertheless, there 
is a general consensus that MRI should be performed 
in the fi rst trimester of pregnancy only if there are 
clear medical indications since rapid organogenesis 
takes place at this time and the fetus is thus most sus-
ceptible to any potentially hazardous external infl u-
ences.

In our institution, MR pelvimetry is performed 
either postpartum – in women whose delivery was 
complicated by protracted labor and who plan to 
become pregnant again – or in the last trimester of 
pregnancy. 

Due to the lower energy deposition in tissue, gra-
dient-echo sequences are preferred to spin-echo 
sequences for MR pelvimetry in pregnant women 
[13–15].

A substantial contraindication to MRI in general 
is claustrophobia; other contraindications such as 
pacemakers and metallic splinters are comparatively 
rare in the obstetric population.

It should however 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 MRI 
has no adverse fetal effects and of which the women 
should be informed before MRI, the noise and claus-
trophobia of an MR exam may well induce fear for 
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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 com-
pression syndrome that may occur in late pregnancy, 
imaging can be performed in the lateral decubitus 
position.

14.3.2 
MR Imaging Protocol 

It has been shown in the literature that there are no 
signifi cant differences in pelvimetric measurements 
between spin-echo and gradient-echo sequences [8, 
14, 15]. Thus, gradient-echo sequences are favored 
over spin-echo sequences for MR pelvimetry due 
to the lower energy deposition already mentioned 
but also because of the shorter examination time 
[8, 13–15]. 

As mentioned above, MR pelvimetry is usually per-
formed in the supine position. T1-weighted gradient-
echo sequences 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. 14.2.

In our institution, MR pelvimetry is performed 
on a 1.5-Tesla Siemens Sonata MR scanner using a 
T1-weighted fast spoiled gradient-echo sequence 
(FSPGR) with the following parameters: repetition 
time (TR) 165 ms, echo time (TE) 10 ms, section 
thickness 6.0 mm, gap 20%, matrix 256×256, number 
of excitations (NEX) 2, anteroposterior phase-
encoding direction. A large fi eld of view (FOV), e.g. 
380 mm, is used. Total examination time is only about 
5–10 min.

14.3.3 
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. 14.3, 14.4). The following 
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.
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 narrow-
est distance between the ischial spine some mil-
limeters below or in the plane through the fovea 
capitis. It is measured in the axial plane.
The intertuberous distance is the widest distance 
between the ischial tuberosities and is also meas-
ured in the axial plane.
The transverse diameter represents the largest 
transverse distance in the oblique (through the 
promontory and the symphysis) axial plane [8, 
16].

In our institution, all radiology suite technologists 
have been trained to select the appropriate images 
and measure the distances. Measurement is super-
vised by the radiologist writing the fi nal report.

14.3.4 
Reference Values for MR Pelvimetry

The groundwork in pelvimetry was laid using con-
ventional radiography. Parameters were measured 
on lateral and anteroposterior views using various 
techniques to correct the distortion resulting from 
different distances from the film. These methods 
have since been superseded by cross-sectional 
imaging using computed tomography and, in par-
ticular, MRI. Nevertheless, values determined by 
plain radiography were still often used for guid-
ance in the routine clinical setting. Yet studies 
comparing plain radiography and MR pelvimetry 
in the same population have described differences 
in some parameters, e.g. in intertuberous diameter 
[14, 17].

MR pelvimetric reference values in a large study 
population, stratifi ed by delivery modality, have been 
established by our own group [8]. Results are shown 
in Table 14.2.

●

●

●

Table 14.2. Reference values for MR pelvimetry [8] 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
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a Fig. 14.2a-g. Imaging protocol 
for MR pelvimetry. A 34-year-old 
woman with a history of second-
ary cesarean section; retroverted 
uterus with susceptibility artifacts 
from surgical incision. a Axial 
localizing image for the midsagit-
tal plane (Flash; TR 1110 ms, TE 
3.37 ms, NEX 1, FOV 400 mm). b 
Sagittal T1-weighted gradient-echo 
sequence (Flash; TR 165 ms, TE 
10 ms, NEX 2, FOV 380 mm): The 
obstetric conjugate and sagittal 
outlet are measured in the mid-
sagittal plane. c Coronal localizing 
image for the interspinous and in-
tertuberous distances (for param-
eters see a). d Axial T1-weighted 
gradient-echo sequence at the level 
of the fovea capitis (for parameters 
see b): The interspinous distance 
represents the narrowest distance 
between the ischial spines. e Axial 
T1-weighted gradient-echo se-
quence (for parameters see b): The 
intertuberous distance represents 
the widest distance between the 
ischial tuberosities. f Sagittal lo-
calizing image for the transverse 
diameter (for parameters see a). g 
Axial oblique T1-weighted gradi-
ent-echo sequence (for parameters 
see b): The transverse diameter 
represents the largest transverse 
distance

◁                           ▷
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It was demonstrated that the pelvimetric param-
eters associated with the largest intra- and interob-
server error and intraindividual variability are the 
intertuberous distance and sagittal outlet. Obstetric 
decision-makers should therefore treat them with 
caution [8].

14.4 
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 [18]. 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 [19]. All of these studies were per-
formed using radiographic pelvimetry. The pel-
vimetry group had a higher rate of cesarean sec-
tions while fetal asphyxia and perinatal mortality 
tended to be lower but the difference did not reach 
signifi cance (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 suffi cient to prove a sig-
nifi cant fetal benefi t of radiographic pelvimetry in 
cephalic presentation.

One RCT has investigated pelvimetry in breech 
presentation [20]. In this study, van Loon et al. [20] 
demonstrate that pelvimetry signifi cantly reduces 
the rate of emergency cesarean sections. More recent 
studies in smaller patient populations show promis-
ing results using pelvimetry (mostly performed by 
MRI) in combination with sonographic weight meas-
urement of the fetus [21–23] but these fi ndings must 
be confi rmed by RCTs.

Fig. 14.3a-d. Pelvimetric diameters (drawings by G. Roth). a Obstetric conjugate and sagittal outlet. b Interspinous diameter. c 
Intertuberous diameter. d Transverse diameter (from [16])

a b

c d
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Fig. 14.4a-d. MR pelvimetry (T1-weighted gradient-echo imaging) in a 29-year-old pregnant woman in the last trimester with 
small pelvic dimensions. Vaginal delivery was attempted but failed and secondary cesarean section became necessary. The mid-
sagittal 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 femoral heads, and (c) the intertuberous distance (11.7 cm). The 
oblique section (d) shows the transverse diameter (11.8 cm)

a

c
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14.5 
Indications for Pelvimetry

14.5.1 
Breech Presentation and Maternal Preference 
for Spontaneous Delivery

Breech presentation is a common obstetric abnor-
mality occurring in 3%–5% of single pregnancies 
and 10%–15% of multiple pregnancies but there is 
no agreement about its most suitable obstetric man-
agement. The Canadian Medical Research Council 
(MRC) initiated an international randomized multi-
center trial of planned vaginal birth versus planned 
cesarean section for breech presentation at term after 
an uncomplicated pregnancy [24]. The results show 
that planned cesarean section reduces the fetal com-
plication rate while not affecting the maternal com-
plication 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 presentations 
increased to up to 80%. Nevertheless, spontaneous 
delivery in breech presentation may be the preferred 
option of the mother. In such cases it is particularly 
important to exclude cephalopelvic disproportion.

14.5.2 
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 40%–
50% in women having had a cesarean section before. 
In order to reduce the rate of secondary cesarean sec-
tion, we perform postpartum pelvimetry and recom-
mend primary cesarean section for future pregnan-
cies in those women who are found to have a narrow 
pelvis because they are at high risk of renewed arrest 
of labor.

14.5.3 
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 cephalopel-
vic disproportion is highly likely. The risk of abso-

lute disproportion is especially high in women after 
pelvic fracture or with diseases that alter pelvic shape 
(osteochondroplasia, osteomalacia). In these cases, 
pelvimetry is mandatory.
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15.1 
Background

In patients with cancer, the demonstration or exclu-
sion of lymph node metastases is an important com-
ponent of tumor staging besides evaluation of local 
tumor extent and has crucial implications for the 
patient’s prognosis and therapeutic strategy, espe-
cially when deciding on curative versus palliative 
treatment. CT, with its limited contrast resolution, 
cannot differentiate metastasis from normal lymph 
node tissue. Unfortunately, MRI is also not able to 
distinguish between benign and malignant lymph 

node enlargement despite its proverbial high soft 
tissue contrast. This limitation of MRI is due to the 
fact that lymphatic tissue and tumor have similar T1 
and T2 relaxation times, as well as proton densities 
[3]. For these reasons, both CT and MRI rely on 
size as the only criterion for identifying metastatic 
lymph nodes. In general, a transverse diameter of 
10 mm or greater is considered to indicate nodal 
metastasis. With currently available CT and MRI 
technology, it is not possible to identify metastases 
in lymph nodes of normal size. Although these limi-
tations apply to both CT and MRI, MRI has some 
advantages over CT. These are not primarily due to 
the higher soft tissue contrast or the free selection 
of imaging planes but result from the superiority in 
local staging of pelvic tumors. It has been shown, 
for example, that in case of an early stage tumor the 
probability that lymph node metastases are present 
is very low, while a tumor invading beyond the organ 
is typically associated with lymph node metastases. 
For this reason, lymph node staging by MRI should 
always take into account the local tumor stage. Non-
invasive lymph node imaging may be improved in 
the future by the use of a specifi c intravenous con-
trast agent on the basis of iron oxide nanoparticles 
[2, 6]. These agents have completed the clinical trial 
phase and are expected to be approved for clinical 
use in the near future.

15.2 
Indications

There is no absolute indication for abdominal MRI 
or CT for lymph node imaging alone. Lymph node 
evaluation is always done in conjunction with imag-
ing performed for the evaluation of the local tumor 
stage and metastatic spread in general.

What is discussed here, therefore, applies to those 
lymph node stations seen on MR or CT images 
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acquired for diagnostic evaluation of a primary 
pelvic tumor. Of particular interest are gynecologic 
tumors of the true pelvis. Here, MRI is superior to CT 
for local tumor evaluation.

In the future, however, a lymphotrophic IV con-
trast agent might lead to new indications for MRI of 
the lymph nodes. As mentioned above, applications 
for clinical approval of such agents have been fi led.

15.3 
Technique

15.3.1 
MRI

The body phased-array coils available today allow 
imaging of the entire abdomen with high resolution 
and should be used whenever available to assess ret-
roperitoneal lymph nodes in addition to evaluating 
the regional pelvic lymph nodes in all MRI exami-
nations of a primary pelvic tumor. In patients with 
cervical or endometrial cancer, the demonstration of 
suspicious retroperitoneal lymph nodes is important 
for therapeutic planning in patients scheduled for 
postoperative radiotherapy. 

Transverse images enable good initial evaluation 
of abdominal and pelvic lymph nodes. These images 
may be supplemented by coronal images for evalua-

tion of the retroperitoneal lymph nodes or angulated 
coronal slices for lymph nodes along the external 
iliac vessels to assess their topographic relationship 
to the great vessels, but also to estimate the short-
to-long axis ratio of the lymph nodes. Coronal slices 
are also highly suitable for assessing mesenteric and 
omental lymph nodes. Alternatively, slices in differ-
ent orientations for lymph node assessment can be 
reconstructed from a 3D volume slab. In very rare 
cases it may become necessary to obtain double-
angulated images for improved evaluation of a sus-
picious lymph node. What is important for lymph 
node imaging is to administer a spasmolytic agent 
to eliminate motion artifacts due to peristalsis (e.g. 
Buscopan or glucagon in patients with contraindi-
cations to Buscopan).

15.3.2 
Pulse Sequences

Table 15.1 gives an overview of the sequences most 
suitable for lymph node assessment in different body 
regions (see also Chap. 1). As a rule, it is not neces-
sary to obtain both T1- and T2-weighted images for 
identifying enlarged lymph nodes. Instead, choosing 
the sequence that provides the best anatomic detail 
resolution is recommended. Breath-hold imaging 
should be performed without fat suppression in 
order to achieve a high signal-to-noise ratio. When 
T2-weighted sequences with multiple signal averag-

Table 15.1. Pulse sequences recommended for MRI of abdominal lymph nodes. (Modifi ed from [16])

Weighting Plane Sequence TR 
(ms)

TE 
(ms)

Flip 
angle 
(°)

ETL 
(e.g.)

FS Matrix
(Nphase 
� Nfrequ)

FOV 
(mm)

NSL NAC SD 
(mm)

TAC 
(min)

Breath-
hold

PD/T1a tra TSE ~1500 10–15 – 3 No 228×512 320 (6/8) 23 3 8 about 
5

no

T1 (fast) tra 
(sag/cor)

GRE  165 4–5 90 – Yes/
no

128×256 320 (6/8) 19–
23

1 8 0.3 yes

T2b tra TSE 
respiratory 
triggering

2500 80 – 7–15 Yes 168×320 300 (6/8) 48 2 4 5-7 no

T2 (fast) tra 
(sag/cor)

single-shot 
TSE (e.g. 
HASTE), preset 
parameters

128×256 320 (6/8) 21 1 8 0.3 yes

Interslice gap always 20% of slice thickness (distance factor, 0.2).
Note: A body phased-array coil is recommended for acquisition of high-resolution TSE/FSE sequences and breath-hold sequences.
aRecommended for high-resolution imaging of pelvic lymph nodes (with administration of spasmolytic agent)
bRecommended for high-resolution imaging of retroperitoneal lymph nodes (with  administration of spasmolytic agent)
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ing are used, fat suppression (either spectral satura-
tion or inversion prepulse) improves the demarcation 
of lymph nodes by depicting them with high signal 
intensity. For imaging of the female pelvis, a high-
resolution T1- or proton density-weighted sequence 
should be acquired extending from the region of the 
aortic bifurcation to the pelvic fl oor, which will allow 
excellent evaluation of the pelvic lymph nodes when 
the sequence is obtained with administration of a 
spasmolytic agent. If available, the sequence should be 
acquired as a fast or turbo SE sequence with a rather 
short effective echo time (about 10–15 ms). Addi-
tional T1- or T2-weighted transverse images, pref-
erably acquired during breath-hold, typically allow 
good evaluation of enlarged retroperitoneal lymph 
nodes (T1w GRE, T2w single-shot TSE, both during 
breath-hold). Alternatively, T2-weighted sequences 
with respiratory triggering (e.g. respiratory belt 
or cushion, navigator imaging [9]) in combination 
with spasmolysis provide images of the upper and 
middle abdomen with excellent image quality and 
good detail resolution. Additional imaging in coronal 
or sagittal planes should ideally be performed using 
sequences that can be acquired during breath-hold, 
which are not only faster but also provide an adequate 
image quality in coronal orientation, which is highly 
susceptible to degradation by motion artifacts when 
acquisition times are long (e.g. T1w GRE, T2w single-
shot TSE). 

15.3.3 
Intravenous Unspecifi c Contrast Agents

There is no indication for administration of an unspe-
cifi c Gd-based MR contrast agent with distribution in 
the extracellular space (e.g. Magnevist or Omniscan) 
for lymph node imaging. However, on T1w images, an 
unspecifi c contrast agent can improve the differentia-
tion of lymph nodes from vessels. If an IV contrast 
agent is administered for evaluation of the primary 
tumor, necrosis in metastatic lymph nodes may be 
seen better.

15.3.4 
Intravenous Tissue-Specifi c Contrast Agents

Tissue-specifi c contrast agents with accumulation 
in healthy lymph node tissue have been extensively 
investigated in clinical trials but still await approval 
for clinical use (Sinerem, Guerbet, Paris). This is why 

only an outlook can be given here. Tissue-specifi c 
contrast agents are based on very small superpara-
magnetic iron oxide nanoparticles with a diameter 
of about 20 nm (ultrasmall superparamagnetic iron 
oxide particles – USPIO). Following peripheral venous 
administration, they extravasate from the capillary 
vascular bed into the interstitial spaces in all body 
regions and reach the draining nodes with the lym-
phatic fl uid [12, 14, 15]. In intact lymph nodes, USPIO 
are taken up by macrophages and their strong T2-
relaxation-time-shortening effect produces a signal 
loss that is best appreciated on T2*w GRE sequences. 
Metastatic lymph nodes do not accumulate the par-
ticles and hence show unchanged signal intensity. 
Once USPIO-based preparations have been approved 
and ongoing analysis of clinical trials confi rm avail-
able results, these agents will be indicated for MRI of 
abdominal and pelvic lymph nodes, and there will be 
an indication for MRI in the diagnostic evaluation of 
lymph nodes.

15.3.5 
CT

There are no specifi c technical requirements for CT 
of the lymph nodes. The reader is referred to the 
protocols presented in Chapter 1. 

15.4 
Imaging of Normal Lymph Nodes – MRI/CT

With conventional MR imaging techniques, lymph 
nodes are visualized when they have a size of at 
least 1.0–1.5 cm [10]. Optimized imaging techniques 
(body phased-array coil, 512 matrix, 3D acquisition) 
or state-of-the-art spiral or multislice CT scanners 
depict lymph nodes as small at about 3–5 mm [7, 8]. 
These techniques usually allow good evaluation of 
the lymph nodes adjacent to the straight great ves-
sels (Fig. 15.1).

Nonactivated lymph nodes or lymph nodes not 
enlarged by metastasis have a mean diameter of 
only a few millimeters (abdominal lymph nodes 
3–5 mm, pelvic lymph nodes about 3 mm, deter-
mined by CT [4, 13]) and are usually not visual-
ized on MR images. If they are seen, normal lymph 
nodes are markedly hypointense relative to sur-
rounding fat on T1-weighted images, moderately 
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hypointense on PD images, and isointense to fat 
or slightly hyperintense on T2-weighted images. At 
times, the fatty hilus can be differentiated from the 
stroma in a normal lymph node (Fig. 15.1c). Typical 
retroperitoneal lymph nodes are oval, while lymph 
nodes along the pelvic walls (internal iliac nodes, 
obturator nodes) may appear as elongated struc-
tures several centimeters in length (Fig. 15.1d). A 
schematic representation for referring to the differ-
ent abdominal and pelvic lymph node stations is 
presented in Figure 15.2. 

In the pelvic region, lymph nodes may be diffi cult 
to distinguish from elongated iliac vessels on nonan-

gulated axial images. This applies especially to T1w 
images, which depict both lymph nodes and vessels 
with low signal intensity. Differentiation is improved 
after intravenous contrast administration. On TSE 
images, vessels have low signal intensity. The differ-
entiation between vessels and lymph nodes is opti-
mal on PDw sequences which depict vessels as signal 
voids and lymph nodes with intermediate signal 
(compare Fig 15.1). 

In patients without a known primary tumor, 
lymph nodes with a transverse diameter of 5–10 mm 
should be mentioned in the report without comment 
as their size is above the mean value for “normal” 

Fig. 15.1a–d. Normal pelvic lymph nodes. Axial MR images acquired with (a) T2w TSE sequence and (b-c) T1w TSE sequence 
at different levels (a and b are from the same level) (1.5 T). Small lymph nodes with a rounded appearance (a–c, straight arrows 
in b and c) are seen. They have low signal intensity on T1 and are nearly isointense to surrounding fat on T2. In addition, a 
lymph node on the left (curved arrow) is depicted with good visualization of the fatty hilus (fi brolipomatous degeneration, 
dotted arrow in c). Elongated lymph nodes on both sides at the pelvic wall (arrows, d)

a b

c d



  Imaging of Lymph Nodes – MRI and CT 325

lymph nodes [1, 4, 13]. In general, lymph nodes with 
a transverse diameter of 10 mm or greater are consid-
ered suspicious for metastasis. 

15.5 
Imaging of Abnormal Lymph Nodes – 
MRI/CT

For lymph node staging, the reader should consult 
one of a standard reference (e.g. [11]). In general, 
the lymph node stage determined from MRI or 
CT fi ndings plays only a small role in therapeutic 
decision making. If imaging demonstrates enlarged 
lymph nodes at sites that do not correspond to the 
fi rst site of lymphatic spread of the patient’s pri-
mary tumor, this is an important fi nding because 

these lymph nodes should then be removed, not 
least for histologic examination.

Most abdominal tumors initially metastasize 
along the draining lymphatic pathways, fi rst invad-
ing the regional nodes and later also the distal 
lymph node stations. Rarely, metastatic occlusion 
of lymphatic drainage can give rise to an atypical 
pattern of metastatic spread with primary distal or 
contralateral lymph node metastases. Pelvic tumors 
(uterus, cervix, upper third of vagina, urinary blad-
der) typically fi rst spread to the lymph nodes of the 
pelvic wall (obturator nodes, external and inter-
nal iliac nodes). In patients with a primary tumor 
in one of these locations which is confi ned to the 
organ or appears as an early-stage tumor on MR 
imaging, visible but not pathologically enlarged 
lymph nodes (5–10 mm) are typically not consid-
ered suspicious. If, however, the primary tumor 
invades adjacent structures, such slight lymph node 
sizes can be considered suspicious for metastasis 
(Figs. 15.3–15.7).

When images in axial and coronal or sagit-
tal planes are available, the radiologist can assess 
the confi guration of enlarged lymph nodes. Nodal 
metastasis is more likely when an enlarged lymph 
node has a spherical shape. In X-ray lymphogra-
phy this phenomenon is referred to as spherical 
transformation. In contrast, reactive hyperplasia 
is more likely when an enlarged lymph node has 
an elongated oval shape. The use of high-resolu-
tion 3D pulse sequences improves the evaluation 
of individual lymph nodes compared to conven-
tional 2D sequences and makes it easier to meas-
ure the short and long axes and determine the 
short-to-long axis ratio (S/L ratio). Using a 3D MP 
RAGE sequence with a voxel size of 1.0×1.3×1.6 
mm, Jager and coworkers [8] were able to identify 
pelvic lymph nodes as small as 3 mm. In this study, 
the authors used a short axis diameter greater than 
8 mm and an S/L ratio of over 0.8 (rounded lymph 
node) as criteria for malignancy. However, despite 
optimal morphologic resolution, the sensitivity for 
detecting metastatic nodes was only 60% (prostate 
cancer) and 83% (bladder cancer), while specifi -
city was high at 98% for both tumors. In a study of 
pelvic lymph nodes in patients with cervical cancer, 
MRI had a sensitivity of 75% and specifi city of 
88% using a threshold of 1.5 cm for pelvic lymph 
nodes. Even lateral differences in the size of pelvic 
lymph nodes are not a reliable criterion as long as 
the lymph nodes are less than 10 mm in diameter 
[10]. The poor sensitivities are due to the fact that 

Fig. 15.2. Retroperitoneal lymph nodes. 1, coelical lymph 
nodes; 2 and 3, mesenterial lymph nodes; 4, paracaval lymph 
nodes; 5, precaval lymph nodes; 6, interaortocaval lymph 
nodes; 7, preaortic lymph nodes; 8, paraaortic lymph nodes; 
9, external iliac lymph nodes; 10, internal iliac lymph nodes
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the size criterion is rather unspecifi c because small 
metastases in normal-sized lymph nodes are quite 
common and nonmetastatic lymph nodes may 
show reactive enlargement. A histopathologic study 
of 310 pelvic lymphadenectomies identifi ed lymph 
node metastases in 40 patients (12.9%) [5]. The 
nodal metastases were apparent on gross inspec-
tion in only six cases, while only histology identi-
fi ed the metastases in the other 34 cases.

Another major factor contributing to the poor 
performance of MRI in lymph node assessment is 
the fact that the signal intensities of lymph nodes 
on either T1- or T2-weighted images do not allow 
differentiation of normal and metastatic lymph 
nodes [3]. Both reactively enlarged nodes and met-
astatic nodes have low signal intensity on T1 and 
high signal intensity on T2 relative to surrounding 
fatty tissue. More reliable criteria are only avail-

b

Fig. 15.4a,b. Abnormally enlarged metastatic lymph node on the left immediately posterior to the external iliac vein (arrow). 
Axial images obtained with (a) T2w TSE sequence and (b) T1w TSE sequence in a patient with advanced cervical cancer. The 
T2w image depicts the central necrosis with fl uid signal intensity

a b

Fig. 15.3a,b. Slightly enlarged metastatic lymph node in the area of the internal iliac artery (arrow). Axial images obtained with 
(a) T2w TSE sequence and (b) T1w TSE sequence in a patient with advanced cervical cancer

a
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able for advanced nodal metastasis, for example, 
central necrosis, which is clearly identified as a 
hyperintensity within a metastatic node on T2-
weighted images. Moreover, lymph node conglom-
eration and multiple enlarged lymph nodes are 
highly indicative of nodal metastasis, especially in 
patients with a primary known to metastasize to 
the affected nodes.

15.5.1 
Contrast Administration

The standard unspecifi c contrast agents used in MRI 
and CT lead to an increase in signal intensity or 
density of both reactively enlarged and metastatic 
lymph nodes following IV administration and do not 
improve the differentiation of reactive and metastatic 
nodes [7]. The visualization of central necrosis in a 
metastatic node is improved after contrast admin-
istration.

Superparamagnetic iron oxide particles, on 
the other hand, are a promising new approach for 
improving MR imaging of lymph nodes (Fig 14.8). 
One USPIO preparation (Sinerem – Guerbet, Paris) 
has been investigated for lymph node imaging in dif-
ferent body regions (pelvis, abdomen, mediastinum, 
head and neck, axilla). Final analysis of these studies 
is under way, and approval for clinical application is 
expected in the near future. In a study of 58 patients 
with urinary bladder cancer, Deserno and cowork-
ers showed that USPIO improved sensitivity to 96% 
compared with 76% for the size criterion, while spe-
cifi city decreased only slightly from 99% to 95% [2]. 
It is noteworthy that MRI in this study demonstrated 
metastases in 10 of 12 lymph nodes that were not 
enlarged (< 10 mm). In a study of patients with pros-
tate cancer, Harisinghani and coworkers showed 
that USPIO-enhanced MRI had a sensitivity of 90% 
compared to 35% for the size criterion when analyz-
ing individual lymph nodes [6].

Fig. 15.5a,b. Large lymph node metastasis at the left pelvic wall with encasement of the external iliac vessels. (a) Coronal T2w 
TSE image and (b) axial T1w TSE image in a patient with advanced cervical cancer

a b

Fig. 15.6. Retroperitoneal (para-aortic) lymph node metastasis 
in a patient with endometrial cancer (arrow). Axial T2w TSE 
image obtained with respiratory triggering using the naviga-
tor technique
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Fig. 15.8a,b. MR lymphography following intravenous administration of ultrasmall iron oxide particles (USPIO) in a patient 
with metastatic lymph nodes. Axial images obtained with (a) T1w SE sequence and (b) T2*w GRE sequence 24 h after intra-
venous injection of USPIO. Slightly enlarged lymph node at the left pelvic wall (arrow) with muscle signal intensity on T1 and 
unchanged signal on USPIO-enhanced image indicating nodal metastasis, which prevents uptake of the particles. Widening of 
the distal ureter due to infi ltration of the left ureteral orifi ce. In nonmetastatic pelvic lymph nodes homogeneous signal due to 
contrast agent uptake of on the right (dotted arrows). (USPIO for MR lymphography are at the clinical trial stage)

a b

a

Fig. 15.7a,b. Abnormally enlarged metastatic 
inguinal lymph node on the left (arrow). Axial 
images obtained with (a) T2w TSE sequence 
and (b) T1w TSE sequence in a patient with 
vulvar cancerb
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16.1 
Introduction

Infertility is defi ned as 1 year of unprotected inter-
course that does not result in pregnancy [1]. Infer-
tility is estimated to affect up to 10% of women of 
reproductive age [2]. Although uterine pathology 
accounts for less than 10% of cases, uterine imag-
ing is important not only for establishing a specifi c 
diagnosis, but also for directing corrective therapy [3, 
4]. Knowledge of structural abnormalities may indi-
cate potential pregnancy complications including 
spontaneous abortion, intrauterine growth retarda-
tion, preterm delivery, malpresentation, and retained 
products of conception.

An imaging study to evaluate female infertility and 
uterine anomalies should necessarily exhibit many 
characteristics, such as a noninvasive nature, low 
cost, and high accuracy, among other qualities. Imag-
ing modalities currently used to evaluate infertile 
women include hysterosalpingography, ultrasound, 
and magnetic resonance imaging. In this chapter, the 
use of these modalities to assess the various causes 
of infertility in females will be reviewed and specifi c 
attention will be drawn to anatomic and physiologic 
uterine abnormalities.

16.2 
Imaging Techniques

16.2.1 
Hysterosalpingography

Hysterosalpingography (HSG) uses fl uoroscopic con-
trol to introduce radiographic contrast material into 
the uterine cavity and fallopian tubes. While today 
HSG is used primarily to assess tubal patency, this 
technique also provides indirect evidence for uter-
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ine pathology through depiction of abnormal uterine 
cavity contours.

16.2.1.1 
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 longer 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 irregu-
lar cycles or absent menses, a pregnancy test before 
performing HSG is recommended.

16.2.1.2 
Technical Considerations

The patient is placed supine with her knees fl exed 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 elevat-
ing 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 can-
nula is placed. A variety of cannulas can be used for 
HSG [5–7]. Once correct placement of the cannula is 
confi rmed, the speculum should be removed. Leaving 
the speculum in is uncomfortable for the patient and 
a metal speculum obscures fi ndings. Using fl uoro-
scopic 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 complains 
of increased cramping, which usually occurs when 
the tubes are blocked.

16.2.1.3 
Side Eff ects and Complications

Mild discomfort or pain is commonly experienced 
by women undergoing HSG [8]. Routine analgesia is 
not necessary, although oral ibuprofen is a reasonable 
preprocedure medication. Reassurance and rapid and 
skillful completion of the examination are the best 
approach. Mild vaginal bleeding is common after 
HSG. Severe bleeding requiring curettage is unusual 

and is presumably related to underlying pathology 
such as endometrial polyps. Other side effects such as 
vasovagal reactions 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 practice setting, 
the overall incidence of post-HSG pelvic infection 
was 1.4%, occurring predominantly in women with 
dilated tubes [9]. For this reason, if dilated tubes are 
noted during the HSG procedure, particularly if there 
is a dilated tube with free spill, prophylactic antibiot-
ics (e.g., doxycycline 200 mg orally) should be given 
before the patient leaves the department and a pre-
scription 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 presumably quite low.

Radiation exposure is a side effect not shared 
by sono-HSG. It is a concern, because the women 
being examined are of reproductive age. The inci-
dence of irradiating an early pregnancy is quite low 
when HSG is routinely 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 
[10]. Radiation exposure to the ovaries is minimal 
and can be further reduced by using good fluoro-
scopic technique and obtaining only the number of 
radiographs necessary to make an accurate diag-
nosis.

16.2.1.4 
Anatomy and Physiology of Fallopian Tubes

The fallopian tubes connect the peritoneal cavity to 
the extraperitoneal world. Their function and anat-
omy is complex and includes conduction of sperm 
from the uterine end toward the ampulla, conduction 
of ova in the other direction from the fi mbriated end 
to the ampulla, and support as well as conduction of 
the early embryo from the ampulla into the uterus 
for implantation. The normal fallopian tube ranges 
in length from 7 cm to 16 cm, with an average length 
of 12 cm (Fig. 16.1a). The tube is divided into four 
regions: (a) the intramural or interstitial portion, in 
the wall of the uterine fundus and 1 cm to 2 cm long, 
(b) the isthmic portion, which is about 2–3 cm long, 
(c) the ampullary portion, 5–8 cm long, and (d) the 
infundibulum, which is the trumpet-shaped distal 
end of the tube terminating in the fi mbria. Patency 
of the fallopian tubes is established when contrast 
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medium fl ows through them and freely around the 
ovary and loops of bowel at the time of salpingogra-
phy, using either fl uoroscopic or sonographic guid-
ance (Fig. 16.1b).

16.2.1.5 
Pathological Findings

Diverticula in the isthmic segment of the tube are 
caused by salpingitis isthmica nodosa (SIN) (Fig. 16.2). 
These would be diffi cult to appreciate by sonogra-
phy. SIN was described more than 100 years ago as 
irregular benign extensions of the tubal epithelium 
into the myosalpinx, associated with reactive myo-
hypertrophia and sometimes infl ammation. There is 

an association between SIN and pelvic infl ammatory 
disease; however, it is not clear whether SIN is caused 
by pelvic infl ammation or is congenital and predis-
poses to infl ammation.

Obstruction of the tubes can occur anywhere along 
their length (Fig. 16.3). Obstruction of the midisth-
mic 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, fi lling defects, which can 
be single or multiple, and do not distort the overall 
size and shape of the uterine cavity (Fig. 16.4). Leio-
myomas are usually single, larger lobulated masses, 
which only partially project into the cavity, and often 
enlarge and distort the cavity (Fig. 16.5).

Fig. 16.1. a Scheme of normal fallopian tubes. The normal fallopian tube ranges in length from 7–16 cm (average, 12 cm). The 
tube is divided into four regions: (I) intramural or interstitial portion (1–2 cm), (II) isthmic portion, (2–3 cm), (III) ampullary 
portion (5–8 cm), and (IV) infundibulum terminating into the fi mbria. b Normal hysterosalpingogram. The uterus (U) has a 
normal contour and shape. The fallopian tubes fi ll bilaterally with evidence of free spill into the pelvic peritoneum (arrows)

a

b
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Fig. 16.3a–c. Bilateral fallopian tube obstruction (three differ-
ent patients). There is dilated, obstructed tube on the left (hyd-
rosalpinx) and obstruction of the right intramural portion (a), 
nondilated obstruction on both sides at the isthmic/ampullary 
portion (b), and huge bilateral dilatation without spill into the 
peritoneum–bilateral hydrosalpinx (c)

Fig. 16.2. Salpingitis isthmica nodosa: Multiple tiny diverticula 
in the right isthmic portion (arrows) caused by mucosal pro-
liferation and muscular hypertrophy with mucosal invasion 
into the muscularis; partial tubectomy on the left side (arrow 
head)

a

b

c
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Fig. 16.4a,b. Endometrial polyps. Stalked fi lling defect within the endometrial cavity probably arising from the cervical canal 
(arrow). Note normal fi lling of the fallopian tubes and free spill into the peritoneum (a). In a different patient, the hysteros-
alpingogram shows a fi lling defect in the intramural portion of the left tube (arrows) causing narrowing but no obstruction; 
normal fi lling of the fallopian tubes (b)

Fig. 16.5. Calcifi ed uterine leiomyoma. The hysterosalpingo-
gram shows that the uterine cavity is compressed and enlarged 
by a large partially calcifi ed mass

Synechiae are scars that result from uterine trauma 
such as complications of pregnancy, curettage, uter-
ine surgery, or uterine infection. Synechiae are gener-
ally linear and irregular (Fig. 16.6a) and extend from 
one wall to the opposite wall allowing contrast agent 
to fl ow around them only in one dimension. For this 
reason, they are more easily defi ned than the above 
mentioned masses, which in general allow contrast 
agent to fl ow around them in two dimensions. Syn-
echiae may also manifest as absence of fi lling of the 
entire uterus or part of it, and can be confused with a 
müllerian defect (Fig. 16.6b)

Asherman syndrome is defi ned by the combina-
tion 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 [11]. The pathophysiology 
consists of intrauterine adhesions (synechiae) that 
develop after traumatic endometrial injury, such as 
postpartum or postabortion uterine curettage. Less 
commonly, it results from endometritis [12]. It is 
hypothesized that infertility occurs because uterine 
adhesions and scarring interfere with sperm migra-
tion and embryo implantation.
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16.2.1.6 
Limitations of HSG

HSG should not be performed when there is active 
vaginal bleeding. This is to prevent the fl ushing of 
clots into the peritoneal cavity. HSG should also 
not be performed if there is active pelvic infection, 
because it could exacerbate the infection. The pro-
cedure should not be performed within 6 weeks of 
pregnancy, uterine surgery, tubal surgery, or uterine 
curettage because the defects in the endometrial or 
tubal lining predispose to venous intravasation of 
contrast material. The major limitations of the proce-
dure are the ability to characterize only patent canals 
and the inability to evaluate the external uterine con-
tour adequately. HSG also entails exposure to ionizing 
radiation in these typically young women.

16.2.2 
Sonohysterography and 
Sonohysterosalpingography

Sonography is frequently used to evaluate uterine 
pathology because of its excellent diagnostic accu-
racy, minimal patient discomfort, low cost, and wide-
spread availability. With the addition of transvaginal 
sonography, color Doppler imaging, and sonohys-

terography, ultrasound has become a sensitive tech-
nique for detecting endometrial and myometrial 
pathology.

Sonosalpingography (SSG) is a technique that uses 
transvaginal sonography to evaluate tubal patency 
and morphology. It involves the use of either saline 
and/or contrast medium for assessment of tubal pat-
ency.

16.2.2.1 
Cycle Considerations

Sonography should be performed during the secre-
tory phase of the menstrual cycle, when the endome-
trial thickness and echo complex are better char-
acterized [13] (Fig. 16.7a). However, for congenital 
anomaly evaluation, the timing of the sonography 
examination is not critical (Fig. 16.7b). For SSG, cycle 
considerations of conventional HSG should be con-
sidered.

16.2.2.2 
Technical Considerations

Imaging should not only focus on conventional sag-
ittal and transverse imaging of the pelvis but also 
include orthogonal images along the long axis of 
the uterus to characterize the external uterine con-

Fig. 16.6a,b. Synechiae. On hysterosalpingogram, irregular borders (arrows) and narrowing of the cervical canal (arrowhead) 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 certainty in this particular case

a b



  Evaluation of Infertility 337

tour. Transabdominal ultrasound is usually best per-
formed with a 2- to 6-MHz transducer. Transvaginal 
ultrasound should be performed with an 5- to 8-MHz 
transducer. Transvaginal sonography has the advan-
tage of improved spatial resolution, although at the 
expense of a decreased fi eld of view. 

SSG utilizes transvaginal sonography during 
instillation of either saline or contrast medium into 
the uterine lumen. It is best performed after sono-
hysterography, since sonohysterography is vital in 
delineating the endometrial surfaces for presence of 
synechiae or intraluminal lesions such as polyps or 
submucosal fi broids.

The examiner is encouraged to apply gentle pres-
sure 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 about tubal 
spill, contrast should be used. It is necessary to have 
a ballooned catheter to block egress of fl uid from the 
uterine lumen during injection. After sonohyster-
ography has been performed, the saline should be 
removed prior to instillation of positive contrast.

Some investigators advocate the use of color Dop-
pler sonography with saline instillation in order to 
best depict tubal patency [14–16]. This technique can 
also be used with contrast.

Microbubble contrast agents provide an echogenic 
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 nec-
essary.

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 fi lling of the proximal portion of 
the tube

16.2.2.2.1 
Normal and Abnormal Anatomy

With the use of saline or contrast, the normal tubal 
lumen is easily identifi ed as thin serpentine adnexal 
structures.

Hydrosalpinges appear as fusiform cystic struc-
tures on TVS. The contrast may dilute or bubbles may 
come out of suspension, making complete delinea-
tion diffi cult to recognize.

16.2.2.3 
Accuracy

Sonography has a reported accuracy of approximately 
90%–92% [13–15]. SSG, with infusion of saline into 
the endometrial canal, provides improved delineation 
of the endometrium and internal uterine morphol-
ogy. Three-dimensional ultrasound with surface- and 
transparent-mode reconstructions of the uterus has 
reported advantages over conventional two-dimen-
sional scanning. In experienced hands, a sensitivity 
of 93% and a specifi city of 100% have been achieved 
[16].

a b

Fig. 16.7a,b. Normal TVUS. Clear demarcation of the relatively thick and hyperechoic endometrium (arrowheads) during the 
secretory phase (a), minimal fl uid retention during the proliferation phase of the cycle (b)
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16.2.2.4 
Side Eff ects and Complications

The side effects and complications of sono-HSG are 
for the most part the same as for conventional HSG.

16.2.2.5 
Limitations of Sono-HSG

Sono-HSG shares limitations similar to those of con-
ventional transvaginal ultrasound and can only help 
evaluate patent endometrial canals [17].

The major drawback of this modality is its opera-
tor dependency. Additional limitations include fac-
tors that contribute to an unfavorable ultrasound 
image, such as a large body habitus and/or the pres-
ence of large fi broids (Fig. 16.8).

16.2.3 
Magnetic Resonance Imaging

16.2.3.1 
Indications

Magnetic resonance (MR) imaging is suitable for 
assessing female infertility, as infertility typically 
results from benign processes in women of reproduc-
tive age. The causes of female infertility include ovula-
tory disorders (i.e., pituitary adenoma and polycystic 
ovarian syndrome), disorders of the fallopian tubes 
(i.e., hydrosalpinx and pelvic infl ammatory disease), 
uterine disorders (i.e., müllerian duct anomaly, aden-
omyosis, and leiomyoma), and pelvic endometriosis. 

The applications of MR imaging include evaluation 
of the functioning uterus and ovaries, visualization 
of pituitary adenomas, differentiation of müllerian 
duct anomalies, and accurate noninvasive 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.

MR imaging provides clear delineation of internal 
and external uterine anatomy in multiple imaging 
planes, although it is not able to assess tubal patency 
or subtle, peritubular adhesion. The excellent tissue 
contrast of MR imaging allows specifi c diagnosis for 
many gynecological diseases. 

As laparoscopic surgery is frequently the modality 
of choice to treat patients suffering from infertility, an 
accurate preoperative diagnosis is especially impor-
tant for planning appropriate surgical intervention.

16.2.3.2 
Technical Considerations

Patients are best imaged with a phased array MR 
surface coil. Current standard imaging proto-
cols for infertility evaluation include axial, sagit-
tal, 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 fi eld of view images to look for asso-
ciated 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 diagnosis of complex adn-

Fig. 16.8. TVUS. Unfavorable ultrasound 
image caused by a large fi broid
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exal masses and distinguishing them from malig-
nant processes.

Some authors recommend that an antiperistaltic 
(1 unit of glucagons or 20 mg of scopolamine butyl-
bromide) be administered intramuscularly or intra-
venously before examination.

16.2.3.3 
Limitations

As drawbacks of MRI are its higher cost, limited avail-
ability, and longer scanning time than ultrasound, MR 
imaging is often used as a problem solving modality 
when sonography fi ndings are inconclusive [14, 18]. 

16.2.3.4 
Normal MR Anatomy in Reproductive-Age Women

Uterine zonal anatomy is best demonstrated on T2-
weighted images (Fig. 16.9). The endometrium has 
high signal intensity. The junctional zone, which cor-
responds to the innermost myometrium, appears as 
a band of low signal intensity. The peripheral myo-
metrium has intermediate signal intensity that is 
higher than that of the striated muscle. The width 
of the endometrium and the junctional zone vary 
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 anteroposterior dimensions [19].

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 fi brous 
stroma, and the outer area of medium signal inten-
sity 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 follicles on T2-weighted images.

Normal fallopian tubes are not routinely imaged 
because of their small diameter and tortuous course.

16.2.3.5 
Normal MR Anatomy of 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. 16.10). Although 

Fig. 16.9. Normal anatomy in reproductive-age women. Sagit-
tal T2w MR image clearly demonstrates uterine zonal anatomy 
with high signal intensity of the endometrium (E), low signal 
of junction zone (J), and intermediate signal of the myo-
metrium (M). B urinary bladder

Fig. 16.10. Normal anatomy in postmenopausal women. Sagit-
tal T2w MR images show a smaller uterine corpus with poor 
delineation of uterine zonal anatomy



340 G. Heinz-Peer

the cervix does not atrophy signifi cantly, the periph-
eral myometrium is usually 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 pos-
sibility of a disorder related to insuffi cient hormone 
secretion should be considered [20].

16.3 
Ovulatory Dysfunction

Disorders affecting ovulation account for 30%–40% 
of cases of female infertility [1]. Measures of ovarian 
function include measurement of basal body tem-
perature, endometrial biopsy, measurement of serum 
progesterone level, endocrine tests, and monitoring 
of follicle growth with US. Thus the role of MR imag-
ing is limited to assessment of whether a pituitary 
adenoma is present [20].

16.4 
Pituitary Adenoma

Prolactin-producing hypophyseal adenoma (prolac-
tinoma) 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 diminished 
gonadotropin secretion, secondary amenorrhea, and 
galactorrhea. The patient should fi rst be examined 
for drug-induced hyperprolactinemia before any 
infertility work-up is initiated. For example, antide-
pressants, cimetidine, dopamine antagonists, reser-
pine, sulpiride, verapamil, methyldopa, and estrogen 
therapy are known to interface with prolactin secre-
tion.

When a patient is suspected of having hyperpro-
lactinemia not associated with drugs, MR imaging 
is the imaging technique of choice. It can depict a 
pituitary microadenoma ( 1 cm) (Fig. 16.11). Most 
microadenomas have lower signal 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 intravenous bolus injection of contrast 
medium is the preferred technique for assessing 
microadenomas, as it allows excellent delineation 
between 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 [21, 22].

Fig. 16.11a,b. Pituitary adenoma. Unenhanced (a) and con-
trast-enhanced (b) T1w MR images show a small right-sided 
pituitary prolactinoma (arrow) leading to hyperprolactinemia 
with consecutive infertility

b

b
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Macroadenomas (>1 cm) occupy the pituitary 
fossa and may cause visual abnormalities when they 
put pressure on the optic chiasm. Macroadenomas 
also tend to invade the cavernous sinus and erode 
the bony fl oor. The extent of the tumor can be deter-
mined by means of contrast-enhanced MR imaging.

16.5 
Polycystic Ovarian Syndrome

The diagnosis of polycystic ovarian syndrome is 
based on hormone imbalance and laboratory fi nd-
ings. Patients with this syndrome often demonstrate 
an abnormal ratio of luteinizing hormone to folli-
cle-stimulating hormone. The clinical manifestations 
include hirsutism, anovulation, and infertility. At 
gross pathologic analysis, the morphologic fi ndings 
in the ovaries consist of multiple small follicular cysts 
surrounded by thickened and luteinized theca.

Follicle growth is usually monitored 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 [23, 24] (Fig. 16.12). 
However, MR imaging fi ndings are nonspecifi c and 
serve only as supportive evidence of polycystic ovar-

ian syndrome. Multiple tiny, hyperintense peripheral 
cysts have been seen in patients with anovulation, 
medication-stimulated ovulation, or vaginal agenesis 
[24].

16.6 
Disorders of the Fallopian Tubes

Disorders of the fallopian tubes are a common cause 
of female infertility, accounting for 30%–40% of cases 
[1]. Tubal disorders include damage to or obstruc-
tion of the fallopian tube and peritubal adhesions. 
HSG is the mainstay of evaluation of tubal patency, 
whereas laparoscopy is preferred for assessment of 
the peritubal environment. MR imaging aids in non-
invasive assessment of tubal dilatation and peritubal 
disease. Dilated fallopian tubes manifest as fl uid-
fi lled ducts, which appear as retort-, sausage-, C-, or 
S-shaped cystic masses at MR imaging (Fig. 16.13). 
Thin, longitudinally oriented folds along the interior 
of the tube represent incompletely effaced mucosal 
or submucosal plicae [25]. Pelvic infl ammatory dis-
ease is one of the most common causes of tubal or 
peritubal damage. The diagnosis is usually based on 
clinical or transvaginal US fi ndings. MR imaging can 
also be helpful in assessment of pelvic infl ammatory 

Fig. 16.12. Polycystic ovarian syndrome. On T2w coro-
nal MR image, both ovaries are studded with multiple 
small cystic lesions
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disease (Fig. 16.14). Tubo-ovarian abscesses, dilated 
fl uid-fi lled tubes, and free pelvic fl uid can be depicted 
[26].

Endometriosis also causes peritubal adhesions. 
MR imaging is the most sensitive imaging tech-

nique for evaluation of endometriosis. Moreover, 
dilated fallopian tubes with high signal intensity on 
T1-weighted images, which correspond to hematos-
alpinx, reportedly correlate with one of the effects of 
endometriosis [25].

Fig. 16.14a,b. Tubo-ovarian abscess. T2w (a) and contrast-enhanced (b) T1w MR images show a left-sided adnexal mass (M) 
with rim-like enhancement (arrows) on contrast T1WI, which proved to be an abscess. B, bladder

a b

Fig. 16.13a,b. 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 of dilated fallopian tubes (FT). B, bladder; R, rectum

a b
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16.7 
Uterine Disorders

16.7.1 
Müllerian Duct Anomalies

If other causes of infertility are excluded, uterine 
anomalies may be suggested as a cause of infertility. 
On the other hand, unknown numbers of uterine 
anomalies may escape detection since reproductive 
ability is often unaffected or not noticeably affected 
[27].

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 specifi c anomaly. 
Amenorrhea is seen with imperforate hymen, vagi-
nal atresia, uterine anomalies, Mayer-Rokitansky-
Küster-Hauser syndrome, and Wünderlich syndrome. 
In the fi rst two conditions, primary amenorrhea 
presents as cryptomenorrhea, in which menstrual 
blood cannot be extruded and patients commonly 
complain of periodic abdominal pain. MR imaging 
clearly demonstrates the point of obstruction, as well 
as the presence or absence of toceles, which includes 
hematometra, hematosalpinx, or blood in the rudi-
mentary uterus [18, 28]. In addition, MR imaging 
allows evaluation of urinary tract abnormalities that 
are commonly associated, since embryologically, the 
müllerian and mesonephric ducts are closely related. 

Müllerian duct anomalies may be depicted by 
HSG; however, the complex situation of the various 
classes of anomalies seem to be better defi ned by 
sonography or MR imaging. 

Classifi cation of MDAs according to the system 
adapted by the American Fertility Society can 
be readily achieved based on MR fi ndings [29]. In one 
comparative study, MR imaging attained 100% accu-
racy for diagnosis of uterine anomalies, as compared 
with 92% for ultrasound and less than 20% for HSG 
[14]. In the evaluation of uterine cavity deformation, 
highly accurate diagnosis of submucosal leiomyomas 
is easily established on MR imaging, readily differen-
tiating the lesions from adenomyosis and endome-
trial polyps. 

The most basic classifi cation of müllerian duct 
defects consists of agenesis and hypoplasia, defects 
of vertical fusion, and defects of lateral fusion. In 
1979, Buttram and Gibbons [30] proposed a clas-
sifi cation of müllerian duct anomalies that was based 
on the degree of failure or normal development, and 

they separated these anomalies into classes that dem-
onstrate similar clinical manifestations, treatment, 
and prognosis for fetal salvage. Modifi ed in 1988 by 
the American Society of Reproductive Medi-
cine [31], the classifi cation remains the most widely 
accepted schematization and addresses uterovaginal 
anomalies (Fig. 16.15).

16.7.1.1 
Class I: Hypoplasia or Agenesis

Failure of normal development of the müllerian 
ducts causes uterine agenesis or hypoplasia. Patients 
present with primary amenorrhea in adolescence. 
Agenesis or hypoplasia of any part of the genital 
tract (vagina, cervix, uterus, tubes) may occur either 
in isolation or, more, commonly, 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 functioning 
uterine corpus and cervix are present.

Mayer-Rokitansky-Küster-Hauser syndrome is a 
combined anomaly that belongs to this entity. The 
typical form of this syndrome is characterized by 
congenital absence of the uterus and upper vagina. 
The ovaries and fallopian tubes are usually normal. 
The atypical form of the syndrome includes associ-
ated abnormalities of the ovaries and fallopian tubes 
and renal anomalies [32] (Fig. 16.16).

Women with acquired uterine hypoplasia due to 
drugs, pelvic irradiation, or ovarian failure may have 
a disproportionately small uterine corpus. 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.

16.7.1.2 
Class II: Unicornuate

This MDA consists of one normally developed mülle-
rian duct, with the contralateral duct either hypo-
plastic (subtypes 2a–c) or absent (subtype 2d). Types 
2a–c comprise approximately 90% of cases [2, 29] 
(Fig. 16.17).

Agenesis of a unilateral müllerian duct causes a 
single banana-shaped uterus with a single fallopian 
tube. If the rudimentary horn is either noncommuni-
cating or lacks a cavity, it will not be detected by HSG. 
Sonographic fi ndings, which are often subtle and 
easily overlooked, include a small uterine cavity, an 
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Fig. 16.16. Class I. Uterine agenesis. Sag-
ittal midline sonogram shows normal 
vagina, small (curved arrows) cervix 
(straight arrow), and absent uterine 
corpus

Fig. 16.15. The most widely accepted classifi cation of müllerian duct defects, adressinguterovaginal anomalies

Class II  Unicornuate

b)  non-communicating a)  communicating b)  cervical a)  vaginal 

c)  fundal d)  tubal c)  no cavity d)  no horn 

Class I

VI. ArcuateV. Septate

a)  complete b)  partial 

Class III Didelphys

Class IV Bicornuate

d)  complete d)  partial 
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plication is uterine rupture, which can occur if a 
pregnancy implants in a rudimentary horn.

16.7.1.3 
Class III: Didelphys

Complete failure of fusion of the two müllerian 
ducts results in two complete uteri, each with its 
own cervix (Fig. 16.18). A longitudinal sagittal vag-
inal septum is usually, but not always, observed. 
Among all uterine anomalies, uterus didelphys is 
associated with the highest successful pregnancy 
rate, except for arcuate uterus [27]. Uterus didel-
phys is the least common of uterine duplication 
anomalies. HSG will clearly delineate the two sepa-
rate uterine cavities if each cervix can be cannu-
lated. In a small percentage of cases, the vaginal 

asymmetric ellipsoid fundal shape, and lateral devia-
tion of the uterus. If the rudimentary horn is present 
without a cavity, it may be mistaken for a fi broid or 
the broad ligament.

MRI fi ndings are similar to those seen with ultra-
sound, but cavity detection in the rudimentary horn 
can be facilitated by using heavily T2-weighted imag-
ing 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 [33].

Spontaneous abortion and premature labor may 
occur in pregnancies with unicornuate uterus, and 
the poorest fetal survival among all uterine anoma-
lies has been reported [27]. A potentially lethal com-

Fig. 16.17a–c. Class II. Left unicornuate uterus. HSG shows 
uterine cavity deviated toward left side with patent left fal-
lopian tube (a). Axial T2w MRI in this patient shows no rudi-
mentary horn on the right side (b). In another patient, HSG 
shows right unicornuate uterus with hydrosalpinx (c)

a
b

c
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Fig. 16.18a–c. 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 
hemivagina is depicted. B (urinary 
bladder)

a

b

c
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septum may prevent cannulation of one cervical 
canal, leading to the appearance of a unicornuate 
uterus.

Sonographic images reveal two widely spaced uter-
ine fundi with myometrium and a deep cleft separat-
ing the two endometrial cavities. Two separate cer-
vices may not be visible, since endocervical echoes 
are less prominent than endometrial echoes, but 
transvaginal imaging can demonstrate these fi ndings 
better. Sonography is also useful for demonstrating 
hematocolpos, hematometra, and endometriosis in 
cases missed by HSG owing to an obstructing vaginal 
septum. Uterus didelphys with an obstructed hemiva-
gina is termed Wünderlich syndrome (Fig. 16.18) and 
is usually associated with ipsilateral renal agenesis. 
Several series have noted a tendency for the right 
hemi-uterus to obstruct, in association with right 
renal agenesis [20].

MRI is best performed with multiplanar scans. To 
improve visualization of the fundal contour, coronal 
images should be obtained in a plane parallel to the 
tubal ostia and internal os. MR fi ndings 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 
caudal axial T2-weighted sections.

16.7.1.4 
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 subtype) 
(Fig. 16.19a) or lower uterine segment (bicornis 
bicollis subtype) (Fig. 16.19b). 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 [34]. It is crucial to differentiate 
between a bicornuate and septate uterus because sur-
gical correction of a bicornuate uterus is not gener-
ally warranted, since it is the cervical incompetence 
and not the cavity malformation that is the cause of 
the high spontaneous abortion rate with this anom-
aly. 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 [35].

HSG of a bicornuate uterus will demonstrate sepa-
rate uterine cavities with an intercornual angle that 
usually exceeds 105°. With this imaging modality, 
however, the outer uterine contour cannot be evalu-
ated, and overlap with the appearance of a septate 
uterus can occur.

Fig. 16.19a,b. Class IV. HSG shows widely splayed uterine horns with an intercornual angle greater than 100° and with uterine 
fundi joined at the lower uterine segment, indicating a bicornis unicollis subtype (a). HSG in a different patient shows uterine 
fundi joined at the level of the cervix, suggesting a bicornis bicollis subtype (b)

a

b
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Sonographic diagnosis of a bicornuate uterus is 
made by analysis of both the outer fundal contour as 
well as visualization of a separate endometrial stripe 
in each horn. However, sonographic differentiation 
of a bicornuate uterus from a septate uterus may be 
diffi cult.

MRI diagnostic criteria are similar to those 
described for sonography. Imaging should be per-
formed during the secretory phase to maximize 
contrast between the T2 signal of endometrium, the 
junctional zone, and the myometrium. On transaxial 
images, the intercornual distance exceeds 4 cm, and 
the tissue dividing the endometrial cavities is isoin-
tense with normal myometrium. On coronal images 
of the fundus, obtained in the plane of the tubal ostia, 
the serosal concavity exceeds 1 cm [14].

16.7.1.5 
Class V: Septate

Septate uterus results from failure of resorption of a 
septum after complete fusion of the müllerian ducts. 
In the majority of cases the midline, septum is partial 

Fig. 16.20a–c. Class V. Complete septate uterus. On HSG one 
cervical opening was missed; only one uterine cavity was 
spilled with contrast media; a unicornuate uterus was assumed 
(a). Sonography (b) and coronal T2 w MRI (c) clearly demon-
strate the uterine cavity divided by a thick septum extending 
to the level of the cervix. The angle formed by the medial bor-
ders of the two uterine hemi-cavities is greater than 75°

a

b

c

and extends for a variable distance from the fundus 
into the corpus or lower uterus segment (subseptate 
uterus). Less commonly the septum extends to the 
level of the cervix, forming a complete septate uterus. 
With a complete septate uterus, there may be two 
cervical openings, but this results from division of 
one canal, and not two separate cervices as occurs 
with a uterus didelphys (Fig. 16.20).

Most patients evaluated for repeated abortions 
and found to have a uterine anomaly will have a 
septate uterus [27]. Avascular fi brous septa can be 
safely resected hysteroscopically, whereas vascular-
ized myometrial tissue within the septum requires 
metroplasty as a surgical procedure for treatment of 
this anomaly and may enhance fetal survival, with 
one report indicating that 95% of patients became 
pregnant, 73% carried to term, and 77% delivered a 
liveborn baby [36].

HSG of a septate uterus demonstrates two nar-
rowly diverging cavities, yielding a V-shape confi gu-
ration with relatively straight medial borders. The 
angle formed by the medial borders of the two uter-
ine hemi-cavities is usually greater than 75°. Diagno-
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sis of a septate uterus is often not possible by HSG 
because the outer uterine contour cannot be imaged, 
and angle measurement may be diffi cult.

Sonography and MRI are each superior to HSG. 
The external uterine contour is normally convex, 
fl at, or minimally indented by less than 1 cm [14], in 
contrast to that of a bicornuate uterus. Coronal MRI 
allows the characteristic fundal changes of a septate 
uterus to be identifi ed.

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.

16.7.1.6 
Class VI: Arcuate

Formerly this MDA was classifi ed as the mildest form 
of either a bicornuate or septate uterus. In 1988, the 
American Fertility Society issued a separate classi-
fi cation 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. 16.21). The inden-
tation is approximately one-fi fth the height of the 
uterus.

Both MRI and sonography reveal a smooth outer 
contour, associated with a subtle broad-based shal-
low indentation impressing the endometrial stripe.

16.7.1.7 
Class VII: Diethylstilbestrol-Related

These anomalies comprise sequelae of in utero 
diethylstilbestrol (DES) exposure. DES was used to 
prevent miscarriage from the 1940s to the 1970s [35]. 
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 vaginal malforma-
tions, 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 presence 
of an anterior cervical ridge or hood. Uterine cavity 
anomalies associated with DES exposure include 
hypoplasia, focal constrictions, bulbous dilata-
tion of the lower uterine segment, and a T-shaped 

uterine confi guration. These uterine anomalies are 
associated with an increased incidence of sponta-
neous abortion, preterm labor, and ectopic preg-
nancy [34].

HSG is an excellent imaging modality for diag-
nosing DES-related uterine anomalies. Typical cavity 
contour changes seen include scalloping and con-
striction bands, while uterine shape abnormalities 
are hypoplasia, T-confi guration, and a bulbous lower 
uterine segment (Fig. 16.22).

Fig. 16.22. Class VII. Hypoplastic T-shaped deformity of the 
uterus with fi lling of dilated glands in the cervix in a proven 
DES uterus

Fig. 16.21. Class VI. HSG shows minor indentation of the fundal 
uterine cavity indicating an arcuate uterus. Note normal fi ll-
ing of the fallopian tubes with evidence of free spill into the 
pelvic peritoneum
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To date, there has been a paucity of reported ultra-
sound or MRI studies to detect DES-related uterine 
changes. Most likely, this refl ects relatively subtle 
fi ndings on these examinations.

16.7.2 
Adenomyosis

Adenomyosis is not a common cause of infertility. 
The frequency of symptomatic adenomyosis peaks 
between the ages of 35 and 50 years, and it is most 
often found in parous women [37]. However, nul-
ligravid women are sometimes affected and experi-
ence infertility. The exact reasons for infertility in 
patients with adenomyosis remain unclear, although 
an enlarged uterus may be associated with reduced 
uterine or endometrial receptivity (Fig. 16.23).

16.7.3 
Leiomyoma

Uterine leiomyoma, especially submucous leiomy-
oma, 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 within the uter-
ine cavity, or impingement by the leiomyoma on the 

endocervical canal or interstitial portion of the fal-
lopian tubes [38] (Fig. 16.24).

Both transvaginal ultrasound and MRI are reliable 
methods for identifi cation of leiomyomas. Sonohys-
terography can clearly demonstrate the relationship 
between the endometrium and submucosal leiomyo-
mas and thus serves as an important adjunct to trans-
vaginal US [39].

16.7.4 
Endometriosis

Endometriosis is found in 25%–50% of infertile 
women, and 30%–50% of women with endometrio-
sis are infertile [40].

Laparoscopy is the mainstay for diagnosis, stag-
ing, and treatment of the disease. Transvaginal US is 
the preferred imaging technique to identify ovarian 
endometrioma. However, US has limited usefulness 
in identifying peritoneal implants. MR imaging has 
also proved to be a useful modality for establishing 
an accurate diagnosis of endometriosis (Fig. 16.25). 

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 easy performable technique to assess tubal 
patency. HSG is minimally invasive and also entails 
exposure to low ionizing radiation. Sonohysterogra-

Fig. 16.23a,b. 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 is shown

a b
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Fig. 16.24a,b. Leiomyoma. Enlarged uterus with large fi broids (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 (endometrial cavity)

a b

Fig. 16.25a–c. Endometrioma right ovary. Sharply demarcated 
inhomogeneous cystic mass (M) in the right ovary with pre-
dominantly bright signal intensity on axial T2w (a), intermedi-
ate signal intensity on axial T1w images (b) and no contrast 
uptake after i.v. Gd-DTPA (c)

a

b

c
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phy and sono-HSG allow both evaluation of tubal pat-
ency and uterine pathology. MR imaging is a useful 
modality as an adjunct for routine infertility work-
ups. 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 function-
ing uterus and ovaries, differentiation of müllerian 
duct anomalies, and accurate noninvasive diagnosis 
of adenomyosis, leiomyoma, and endometriosis. MR 
imaging also helps to predict the outcome of con-
servative treatment of adenomyosis, leiomyoma, and 
endometriosis.
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17.1 
Introduction

One of the most challenging problems in clinical 
routine is discerning the cause of pelvic pain. From 
a practical point of view, it seems useful to classify 
pelvic pain as acute or chronic, because these pre-
sentations differ in their differential diagnoses and 
therefore different imaging strategies for their evalu-
ation may be appropriate. Pelvic pain that has been 
present for 6 months or longer is defi ned as chronic 
pelvic pain.

The differential diagnosis of lower abdominal and 
pelvic pain is long, and encompasses gynecological, 
pregnancy-related, gastrointestinal, urological, neu-
rological, and abdominal wall causes. Furthermore, 
psychological factors have been attributed to play an 
important role in women suffering especially from 
chronic pelvic pain.

The single most important laboratory test in 
assessing pelvic pain in a woman of reproductive 
age is a pregnancy test, because ectopic pregnancy 
should be ruled out in any women in this age group 
presenting with the symptoms of abdominal pain. 
The top diagnoses of gynecological emergencies 
account for the vast majority of referrals and include 
ectopic pregnancy, corpus luteum cyst rupture, and 
pelvic infection. Appendicitis accounts for most of 
nongynecological emergencies. 

17.3.5.3 Value of Imaging 372
17.3.6 Crohn Disease  372
17.3.6.1 Imaging Findings 373
17.3.6.2 Differential Diagnosis 374
17.3.6.3 Value of Imaging 374
17.3.7 Rectus Sheath Hematoma 374
17.3.7.1 Imaging Findings 374
17.3.7.2 Differential Diagnosis 374
17.3.7.3 Value of Imaging 374

 References 375



356 R. Forstner and A. Schneider

Sonography plays a pivotal role as the primary 
imaging modality in gynecologic disorders caus-
ing pelvic pain. CT and MRI allow complementary 
assessment of the pelvis and abdomen including the 
gastrointestinal and urologic system.

In this chapter, common gynecological and non-
gynecological causes of acute and chronic pelvic pain 
will be covered. Their relative frequency of imaging 
by MRI or CT is listed in Table 17.1. Gynecologic 
disorders highly associated with chronic pelvic pain 
such as endometriosis uterine fi broids and adenomy-
osis are discussed in previous chapters in this book.

Table 17.1. Relative frequency of imaging for pelvic pain in 
clinical routine

Gynecological 
pathologies

Fre-
quency

Nongynecological 
pathologies

Frequency

PID + Pelvic congestion 
syndrome

+

Tuboovarian 
abscess

++ Appendicitis +++

Hydropyosalpinx ++ Diverticulitis +++

Ovarian torsion + Appendagitis 
epiploica

+

Ovarian vein 
thrombosis

+ Crohn disease ++

Endometriosis ++ Rectus sheath 
hematoma

+

Uterine fi broids ++

+, Low frequency; ++, medium frequency; +++, high frequency.

17.2 
Gynecological Causes of Pelvic Pain

17.2.1 
Pelvic Infl ammatory Disease 

Pelvic infl ammatory disease (PID) refers to an acute 
infection of the upper genital tract in women in the 
reproductive age, involving the uterus, fallopian tubes, 
and ovaries. Per defi nition, PID should be distinguished 
from pelvic infections caused by medical procedures, 
pregnancy, and other primary abdominal processes. 
PID usually results from sexually transmitted ascend-
ing infections typically by Neisseria gonorrhoeae or 
Chlamydia trachomatis, although 30%–40% of cases 
are polymicrobial. Actinomyces and tuberculosis 
account for rare causes of PID and may cause tubo-

ovarian abscesses [1]. If PID is untreated or incom-
pletely treated, there is a sixfold risk of ectopic preg-
nancy. Twenty percent of the patients may complain 
about pelvic pain, and infertility is seen in 25%–60% of 
women with more than one series of PID [2]. Occasion-
ally patients with PID may develop Fritz-Hugh-Curtis 
syndrome due to peritonitis of the right upper quad-
rant surfaces and the of right lobe of the liver caused by 
bacterial spread along the paracolic gutters [3]. 

17.2.1.1 
Imaging Findings 

Imaging fi ndings in early PID are typically subtle and 
their interpretation is based on the clinical fi ndings. 
Findings on CT and MRI may include mild pelvic 
edema that results in thickening of the uterosacral 
ligaments and haziness of the pelvic fat. Contrast 
enhancement and thickening of the fallopian tube 
may be signs of salpingitis. Enlarged and abnormally 
enhancing ovaries, which may demonstrate a poly-
cystic appearance, also present infl ammatory changes 
(Fig. 17.1). Periovarian stranding and enhancement 
of the adjacent peritoneum are common associated 
fi ndings. In cases of endometritis, an abnormal endo-
metrial enhancement and fl uid within the endocervi-
cal canal, which displays similar imaging characteris-
tics as fl uid in the cul-de-sac, may be observed. 
(Fig. 17.1) The uterine cervix may be enlarged with 
an abnormally enhancing endocervical canal in cases 
with associated cervicitis. Especially the uterine 
changes are better assessed on MRI than on CT [3]. 

17.2.2 
Hydropyosalpinx 

Salpingitis is the most important cause for oblitera-
tion of the fi mbriated end of the tube, which leads to 
hydrosalpinx. Other etiologies include fallopian tube 
tumors, endometriosis, and adhesions from prior 
surgery. Serous fl uid, blood, or pus may accumulate 
and cause distension of the fallopian tube. 

17.2.2.1 
Imaging Findings 

Dilated fallopian tubes appear as fl uid-fi lled tubular 
structures arising from the uterine fundus, separated 
from the ipsilateral ovary. The typical fi nding is a tubu-
lar tortuous cystic structure with interdigitating mural 
septa (Fig. 17.2) These septa are thin and display low 
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Fig. 17.1. CT fi ndings in PID in a 29-year-old woman. Haziness and weblike fatty 
infi ltration of pelvic fat (arrow), free fl uid (A), marked swelling of the left ovary, and 
mild dilatation of the uterine cavity (U) are demonstrated in infection by Chlamydia 
trachomatis. The ovaries (*) are diffi cult to discriminate from ascites due to their 
polycystic appearance in oophoritis

signal intensity on T2-weighted images. Distinct septal 
enhancement on contrast-enhanced T1WI or CT may 
support the diagnosis of pyosalpinx (Fig. 17.3) [4]. The 
nature of fl uid within a dilated salpinx can be best 
evaluated by MRI. The signal intensity on the T1 and 

T2WI varies in accordance with the contents, which 
ranges from water-like fl uid to proteinaceous or hem-
orrhagic components. Multiplanar imaging and bowel 
opacifi cation facilitates depiction of the tubal origin 
and differentiation from dilated bowel loops. 

Fig. 17.2a,b. Hydrosalpinx in CT and MRI. Transaxial CT (a) and coronal T2WI (b). A multiseptate lesion (arrows) in the left 
adnexal region is demonstrated in CT (a) and MRI (b): Its tubular structure with widening at the cephalad end is demonstrated 
on MRI (b). The thin incomplete, interdigitating septa (small arrows) are a typical fi nding of a dilated fallopian tube in CT 
and MRI

a b
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17.2.2.2 
Diff erential diagnosis

Pyosalpinx can often not be reliably differentiated 
from hydrosalpinx. As diameters up to 10 cm are not 
uncommon, hydrosalpinx may mimic multiloculated 
ovarian tumors, especially cystadenomas. Identifi ca-
tion of the ovary separate from the lesion and mul-
tiplanar imaging aids in differentiation. Any enhanc-
ing component within a dilated tube should suggest 
the possibility of fallopian tube carcinoma or ectopic 
pregnancy [5]. 

17.2.3 
Tuboovarian Abscess 

In the majority of cases, tuboovarian abscesses (TOA) 
result from pelvic infl ammatory disease. It is reported 
to complicate PID in up to one-third of patients hos-
pitalized for treatment [6]. Other etiologies include 
complications of surgery or intra-abdominal infl am-
matory bowel diseases, such as appendicitis, divertic-
ulitis, or Crohn disease. In most cases, TOA is caused 
by a polymicrobial infection with a high prevalence 
of anaerobes. IUD users, especially in the fi rst few 
months after insertion, are also under a higher risk of 
PID. Pelvic actinomycosis is considered to be highly 
associated with the use of IUD [1]. 

TOA most commonly occurs in women in the 
reproductive ages. Tuboovarian abscesses in post-
menopausal women are rare, and encountered in 
patients with diabetes or previous radiation therapy 
[7]. Because of the signifi cant association with malig-
nancies in postmenopausal women presenting with 
TOAs, a concomitant pelvic malignancy should be 
excluded [8]. 

The pathway of the infl ammatory disease includes 
direct extension along the fallopian tubes. A hema-
togenous or lymphatic spread is found in the rare 
tuberculous involvement of the genital tract [1]. 

The vast majority of tuboovarian abscesses are 
multilocular masses with thick walls and necrotic 
areas. Bowel, uterus, parietal peritoneum, and omen-
tum usually become adherent. The abscess may 
enlarge and fi ll the cul-de-sac or leak and produce 
metastatic abscesses and cause local peritonitis. 

17.2.3.1 
Imaging Findings 

In CT and MRI, tuboovarian abscesses are thick-walled, 
complex heterogenous fl uid-containing adnexal masses 
that are found unilaterally or bilaterally (Fig. 17.4) 
They may contain irregular inner contours, internal 
septa, gas, fl uid, or a fl uid-debris level [3]. Necrosis or 
loculated liquid areas may resemble serous fl uid, but 
also be proteinaceous or hemorrhagic with T1 short-

Fig. 17.3. Pyosalpinx in CT. A pedunculated cystic lesion (arrow) is identifi ed adja-
cent to the retrofl ected uterus. It extends from the left adnexal region posteriorly 
and displaces the opacifi ed rectum (R). The distinct wall enhancement is indicative 
of a pyosalpinx
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ening. On T2WI, tuboovarian abscesses display most 
commonly a heterogeneously hyperintense signal 
on T2-weighted images [2]. They are surrounded by 
thick, well-enhancing outer borders. Because of dense 
pelvic adhesions or fi brosis, mesh-like strands in the 
pelvic fat planes are almost always found and are well 
enhanced on CT or contrast-enhanced T1WI, and dis-
play a low signal on T2WI.

Involvement of adjacent structures includes thick-
ening of bowel loops and/or dilatation due to paraly-
sis. Peritoneal enhancement, especially in the lesser 
pelvis, and small amounts of ascites are signs of asso-
ciated peritonitis (Fig. 17.5). Obstruction of the ure-
ters may also be observed. Internal gas bubbles are 

the most specifi c radiologic sign of an abscess but 
are unusual in tuboovarian abscesses [9]. In cases of 
tuberculous TOAs, large amounts of ascites have been 
described [1]. 

17.2.3.2 
Diff erential diagnosis 

Endometriomas may sometimes display simi-
lar imaging characteristics with a thick rim; how-
ever, the clinical background is different. Ovarian 
cancer and especially metastases often present also 
as multiseptate ovarian masses. In ovarian cancers, 
well-enhanced septa and solid intralesional compo-

Fig. 17.4a,b. Bilateral tuboovarian abscesses. Consecutive transaxial FS T1WI (a, b) at the level of the acetabulum. Bilateral cen-
trally cystic thick-walled adnexal lesions (*) show ill-defi ned margins toward the surrounding fat. Excessive contrast enhance-
ment along the uterosacral ligaments, rectal wall, mesorectal fat tissue and the left round ligament (arrow) is also noted (b). R, 
rectum. Courtesy of Dr A. Heuck, Munich

a b

Fig. 17.5a,b. Peritonitis in tuboovarian abscess. Transaxial CT sans in the mid pelvis (a, b). A left-sided tuboovarian abscess is 
located adjacent to the pelvic sidewall (arrow) between internal and external iliac vessels (a). It presents as a cystic peripherally 
enhancing lesion with a fl uid–fl uid level (arrowhead) presenting debris (a). Associated fi ndings include ascites, linear peritoneal 
enhancement (small arrows), and a netlike involvement of the pelvic fat and the omentum (arrow) (b)

a b
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nents are typically found. Signs of infl ammation of 
the pelvic fat are missing in ovarian cancers. Fur-
thermore, ovarian cancer is usually not associated 
with tubal dilatation. However, in postmenopausal 
women with TOA, malignancy is a special concern 
[8]. If tuboovarian abscesses involve adjacent pelvic 
organs, the site of origin often cannot be reliably 
defi ned (Fig. 17.6). Tuberculous peritonitis involving 
the adnexa mimics peritoneal carcinomatosis with 
nodularities along tuboovarian surfaces, and large 
amounts of ascites [1].

17.2.3.3 
Value of Imaging

The diagnosis of PID is based on laboratory studies, 
assessment of vaginal secretions in combination with 
the clinical examination, and sonographic fi ndings. 
In case of nonspecifi c fi ndings or suspected com-
plications of PID, especially tuboovarian abscess 
or peritonitis, CT or MRI serve as adjunct imaging 

modalities. CT is commonly used to assess complica-
tions of PID, especially when a tuboovarian abscess 
or peritonitis is suspected. Furthermore, it aids in 
defi ning the origin of the tuboovarian abscess and 
differentiates it from infl ammatory bowel disease. It 
is also especially useful as a guidance for surgery or 
a CT drainage. MRI and CT are both useful in differ-
entiation between an adnexal tumor and an abscess. 
The imaging fi ndings, however, can only be inter-
preted in context with the clinical background. MRI is 
more useful than CT in differentiating a hydrosalpinx 
from a cystic ovarian tumor.

17.2.4 
Ovarian Torsion

Ovarian torsion is most commonly associated with 
tubal torsion. Two age groups tend to be affected: 
children and women in their fi rst three decades, and 
postmenopausal women. 

Fig. 17.6a–c. Abscess involving ovaries and sigmoid colon. Three consecutive CT scans (a–c) in and above the acetabular level 
in a 36-year-old woman with pelvic pain and leukocytosis. A multiseptate cystic lesion (arrow) with perilesional fat stranding 
is identifi ed lateral of the uterus (a, b) involving the left adnexa and sigmoid colon. The tiny spot of free air (small arrow) is 
highly specifi c of the infl ammatory nature of this process (b)

a

b

c
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Ovarian torsion is caused by partial or complete 
rotation of the ovarian vascular pedicle. While 
venous fl ow is initially compromised, causing swell-
ing and edema, arterial fl ow usually maintains until 
late in the course, which is attributed to the dual 
blood supply of the ovary [10]. Finally, hemorrhagic 
infarction leads to irreversible loss of the ovary. 
Predisposing factors for ovarian torsion include an 
underlying unilateral ovarian tumor (50%–60%), 
most likely dermoids (Fig. 17.7), and cystic ovarian 
lesions including paratubal cysts. Lesion size of more 
than 6 cm seems a higher risk for torsion [11]. Espe-
cially in children, torsion may also be encountered 
in normal-sized ovaries [12]. Furthermore, hyper-
mobile adnexa or elongated fallopian tubes and 
increased abdominal pressure have been reported 
to be responsible for ovarian torsion. Women in 
their fi rst three decades have the highest incidence 
of ovarian torsion, which is related to the higher 
frequency of physiological cysts and benign cystic 
tumors, infertility therapy, and pregnancy. Approxi-
mately 20% of torsions occur during pregnancy, 
typically during the fi rst and second trimesters. In 
postmenopausal women, torsion typically affects a 
benign adnexal tumor, most commonly serous cyst-
adenomas, whereas malignant tumors tend not to 
undergo a torsion [13]. 

Massive edema of the ovary is a rare disorder found 
in the second and third decades of life and considered 
a variant of ovarian torsion. It results from partial or 
intermittent torsion and is characterized by an exces-
sively enlarged edematous ovary [10]. 

The right ovary is more likely to twist than the left, 
suggesting that the sigmoid colon may help to pre-
vent torsion. 

17.2.4.1 
Imaging Findings

The fi nding of a cystic ovarian tumor, especially a 
dermoid cyst in young women who present with 
acute pain and vomiting is highly suspicious of 
adnexal torsion. 

The imaging fi ndings depend on the degree and 
duration of torsion. Thickening of the fallopian tube 
with hemorrhage is suggestive of torsion, especially 
when associated with an adnexal cystic mass. Torsed 
adnexal masses are often located midline, cranial 
to the uterine fundus. A twisted edematous pedicle 
can be observed arising from the lesion to the uterus 
with mixed signal intensity on all sequences on MRI 
(Fig. 17.7) [14]. Sometimes when tracking down the 
ovarian vascular pedicle, a coiled vascular pedicle 
may produce the whirl pool sign [15]. In prepubertal 

Fig. 17.7a,b. Twisted ovarian dermoid. Coronal (a) and transaxial T2WI (b). A large lesion with a fl uid–fat level (b) and a 
Rokitansky nodule (*) typical for a dermoid is seen in the right midabdomen. Twisting (arrow) of the thickened pedicle, which 
leads from the uterus to the lesion, is seen on the coronal plane (a). The ovarian origin of the lesion can be identifi ed because 
of the small peripheral ovarian follicles (small arrows) (b).Courtesy of Dr. K. Kinkel, Geneva

a b
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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. 17.8). 
In case of hemorrhagic infarction, the enlarged ovary 
may show low signal intensity on T2WI due to inter-
stitial hemorrhage, and no wall enhancement of the 
displaced follicles is observed [14]. 

In adults, most commonly a mass with hyperin-
tense signal on T1 and T2 due to hemorrhage has 
been described [16]. Smooth wall thickening of the 
twisted adnexal cystic mass and a thin hyperintense 
rim at the periphery of the lesion on T1-weighted 
images are further signs in ovarian torsion.

A tubular or comma-like structure partially cover-
ing the ovary represents the fallopian tube and may also 
display hemorrhagic contents. CT studies have reported 
a diameter of the fallopian tube of 2–4 cm [17]. 

Contrast enhancement on CT and MRI depends 
on the degree of vitality [16]. MR fi ndings in hem-
orrhagic infarction include lack of enhancement, 
engorged vessels surrounding the lesion and signal 
intensity of hematoma with high SI on T1 and T2 WI 
[18]. Nonspecifi c fi ndings include deviation of the 
uterus to the twisted side, ascites, and obliteration of 
pelvic fat. 

17.2.4.2 
Diff erential diagnosis

Clinically, ruptured ovarian cysts may resemble ovar-
ian torsion. In a patient with acute pelvic pain, a hem-
orrhagic lesion within a normal size ovary is typically 
a ruptured ovarian cyst. Furthermore, unlike in most 
cases of ovarian torsion, clotted blood may be detected 
in the lesser pelvis. Wall edema of an adnexal mass, 
engorged adnexal vessels or dilatation of the fallopian 
tube are missing. Tuboovarian abscess and hydrosal-
pinx may resemble advanced adnexal torsion. Lack of 
enhancement supports the diagnosis of ovarian torsion. 
In children, sonography usually allows the diagnosis of 
appendicitis as a cause of acute pelvic pain. In case of a 
suspected abscess or an ovarian mass, MRI may aid in 
further assessment of the adnexa. Rarely, a calcifi ed mass 
may result from chronic infarction which cannot reliably 
be differentiated from a calcifi ed ovarian tumor [19].

17.2.4.3 
Diagnostic Value

Early diagnosis is crucial to prevent irreversible ovar-
ian damage and prevent infectious complications. 

Fig. 17.8. Torsion of a normal ovary. Transaxial T2WI at umbilical level. In a 14-year-
old girl with excessive intermittent pelvic pain for several days, sonography detected 
an indeterminate solid right adnexal mass. MRI shows a predominantly low-signal-
intensity mass with numerous small peripheral cysts (small arrows), representing 
displaced follicles. Normal left ovary(*) At surgery, the right ovary had undergone 
complete hemorrhagic infarction. Courtesy of Dr. K. Kinkel, Geneva
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This is why in most cases patients with suspected 
torsion on sonography will immediately undergo 
surgical untwisting. MRI and CT are often used in 
clinically not so typical cases, especially in chronic 
torsion. Particularly in early torsion, the imaging 
signs may be indicative but not specifi c of ovarian 
torsion. MRI and CT are particularly useful in detect-
ing twisted lesions displaced outside the pelvis, where 
sonography may be limited. In pregnancy and in chil-
dren, MRI is the modality of choice to further assess 
suspected ovarian torsion.

17.2.5 
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 
about equally occurring in the fi mbrial and isthmic 
portions [20]. Rarely, ectopic 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 [21]. The major 
cause of ectopic pregnancy is disruption of normal 
tubal patency due to infection, surgery, müllerian 

anomalies, or tumors. The rise of ectopic pregnan-
cies within the last decades is highly associated with 
the increased incidence of pelvic infl ammatory dis-
ease. A history of PID with chronic salpingitis is 
found in 35%–50% of patients with ectopic preg-
nancy.

17.2.5.1 
Imaging Findings

Tubal wall enhancement and fresh tubal hematoma 
are described as specifi c fi ndings for ectopic tubal 
pregnancy [22] (Fig. 17.9). The gestational sac is 
a cystic, centrally fl uid-fi lled structure that is sur-
rounded by a thick-walled peripheral rim. The latter 
displays inhomogeneous signal intensity on T2WI 
and medium signal intensity on T1WI, which may 
contain small areas of high signal intensity sugges-
tive of blood [23]. When such a gestational sac-like 
structure is found separated from the uterus without 
tubal structures, this fi nding is equivocal, due to the 
differential diagnostic problems of cystic ovarian 
masses [22]. Identifi cation of the uterine junctional 
zone between the gestational sac surrounded by 
myometrium and the uterine cavity is highly sug-
gestive of a rare type of ectopic pregnancy, interstitial 
pregnancy [24]. In suspected ectopic pregnancy, the 
combination of an adnexal mass and intraperitoneal 
hemorrhage is suggestive of tubal rupture.

Fig. 17.9a,b. 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 (*) displaces the uterus, which displays 
widening of the endometrial cavity. The adnexal lesion is separated from the adjacent left ovary (arrow) and displays inhomog-
enous signal intensity with areas of high and low SI on T2WI (a) indicative of hemorrhage. The cystic contents of the fallopian 
tube and distinct homogenous tubal wall enhancement is demonstrated following contrast media administration (b). Courtesy 
of Dr. T.M. Cunha, Lisbon

a b
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17.2.5.2 
Diff erential 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 misdiag-
nosed as ectopic pregnancy [25]. Based on the MRI 
fi ndings alone, ectopic pregnancy may be misdiagnosed 
as an ovarian mass, e.g., ovarian cancer or endometrio-
sis. Interstitial ectopic pregnancy may resemble cystic 
adenomyomas or necrotic fi broids [24].

17.2.5.3 
Value of imaging

The diagnosis of ectopic pregnancy is usually estab-
lished by the combination of beta hCG levels and 
transvaginal sonography. The role of MRI has not 
been defi ned. It may, however, provide additional 
information in case of unequivocal sonography, espe-
cially to better determine the exact site of origin of 
ectopic pregnancy [24]. 

17.3 
Nongynecological Causes of Pelvic Pain

17.3.1 
Pelvic Congestion Syndrome

Pelvic congestion syndrome or pelvic venous incom-
petence is a common cause of chronic noncyclical 
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 fl ow through incom-
petent valves in ovarian veins. Patients with pelvic 
congestion syndrome may also suffer from dyspa-
reunia (71%), dysmenorrhea (66%), and postcoital 
ache (65%) [26]. The prevalence of pelvic congestion 
syndrome is closely related to the frequency of ovar-
ian varices, which occur in 10% of the general popula-
tion of women. Within this group of patients, up to 
60% may develop pelvic congestion syndrome [27]. 
The pathogenesis of pelvic congestion syndrome is 
most likely multifactorial and infl uenced by hor-
monal effects, multiparity, and previous surgeries. 

Pelvic congestion syndrome may also result from 
obstructing anatomic anomalies such as a retroaortic 
left renal vein or right common iliac vein compres-
sion [26]. It may also be associated with asymptom-
atic hematuria in the nutcracker phenomenon, which 
is caused by left ovarian vein congestion secondary 
to compression of the left renal vein by the supe-
rior mesenteric artery [28]. Dilated veins involved 
include veins in the broad ligaments, ovarian plexus, 
in the pelvic sidewalls. Varices within the paravaginal 
plexus, vulva, or the lower extremities may also be 
found [28]. Polycystic changes in ovaries are associ-
ated in approximately 40% of cases [29].

17.3.1.1 
Imaging Findings

The typical imaging fi ndings are dilated and tortuous 
vascular structures engorging the uterus and ovaries, 
which may extend to the pelvic sidewalls or com-
municate with paravaginal veins. CT as well as MR 
imaging are noninvasive methods used to diagnose 
pelvic varices. The diagnosis of pelvic varicosities in 
CT is established by the demonstration of at least 
four ipsilateral dilated parauterine 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. 17.10) [30]. On T1-weighted MR images, 
pelvic varices display low signal intensity because 
of fl ow-void artifacts. On T2WI, the signal intensity 
depends on the velocity of blood fl ow. Contrast-
enhanced MRA displays enhancing veins with maxi-
mal opacifi cation in a venous phase. On gradient-
echo MR images, the varices typically display high 
signal intensities. 

17.3.1.2 
Diff erential Diagnosis

Incompetent and dilated ovarian veins are fre-
quently seen on CT in asymptomatic parous women 
(Fig. 17.11) [31]. Congenital or acquired vascular mal-
formations of the uterus or parametria present also 
as vascular 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 [32]. 
Adnexal masses with torsion or rare uterine tumors, 
especially choriocarcinomas may also be surrounded 
by thick, tortuous, well-enhanced vessels. The clinical 
background and imaging fi ndings of an adnexal or 
uterine mass aid in the differential diagnosis.
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17.3.1.3 
Value of Imaging

The diagnosis of ovarian and pelvic varices is estab-
lished by sonography. CT or MRI are used to con-
fi rm the diagnosis and to aid in therapy guidance. 
However, these cross-sectional imaging techniques, 
which are not performed in an upright position may 
underestimate the venous pathology. 

Several treatment options for pelvic congestion 
syndrome, including laparoscopic transperitoneal 
ligation of ovarian veins are currently under investi-
gation. Percutaneous coil embolization of the gonadal 
vein seems to be a safe technique that relieves pelvic 
pain in many patients with pelvic congestion syn-
drome [27].

17.3.2 
Ovarian Vein Thrombosis

Ovarian vein thrombosis typically presents a com-
plication in the postpartum period and is encoun-
tered most frequently after caesarean section. It 
is caused by venous stasis and hypercoagulabil-
ity. The incidence of puerperal vein thrombosis 
(POVT) is approximately 1 in 2,000 deliveries [33]. 
Other conditions such as infection, recent surgery, 
malignancy, and Crohn disease increase the risk 
for ovarian vein thrombosis [34]. Although a rare 
entity, ovarian vein thrombosis presents a differen-
tial diagnostic problem because of the unspecific 
clinical symptoms, including fever, and the poten-
tial of fatal complications due to uterine necrosis 

Fig. 17.10a–c. Pelvic congestion syn-
drome. Transaxial CT at the level of the 
cervix uteri (a) and coronal scans in the 
pelvis and retroperitoneum (b, c). Mul-
tiple dilated tortuous pelvic vascular 
structures are demonstrated within the 
parametria and pelvic sidewalls (a). The 
coronal images demonstrate engulf-
ment 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

a

b c
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or septic emboli [35]. As the majority (80%–90%) 
of ovarian vein thromboses occur in the right ovar-
ian vein, right-sided pain is a typical clinical pre-
sentation.

17.3.2.1 
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. Con-
trast-enhanced CT allows direct visualization of the 
low attenuating central thrombus surrounded by 
vascular contrast-enhancement (Fig. 17.12) [36]. In 
MRI, the thrombus may display high SI on T1 and 
T2WI. Transaxial gradient-echo images or contrast-
enhanced T1WI images aid in differentiation of fl ow 
artifacts from thrombosis. Imaging in the coronal 
plane demonstrates the full extent of ovarian vein 
involvement. 

17.3.2.2 
Diff erential diagnosis

The differential diagnosis includes other causes of 
right-sided pelvic pain such as appendicitis, adnexal 

torsion, pelvic abscess, pyelonephritis, and endome-
tritis [37]. 

17.3.2.3 
Value of Imaging

Color Doppler ultrasound is the primary imaging 
modality in patients with suspected ovarian vein 
thrombosis. Especially in the postpartal period, its 
performance is often limited due to uterine enlarge-
ment, postoperative changes, or obesity. This is why 
CT or MRI are commonly performed to rule out ovar-
ian vein thrombosis. 

17.3.3 
Appendicitis

Appendicitis affects all age groups; it peaks in the 
early twenties and then gradually declines toward 
the senium. Appendicitis is found 1.4 times more 
frequently in men than in women. In the majority 
of cases, appendicitis results as a development from 
obstruction of the lumen by fecaliths, lymphoid fol-
licle hyperplasia, foreign bodies, and tumors. Varia-
tions in the appendiceal location make the clinical 

Fig. 17.11. 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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assessment of appendicitis diffi cult. The position 
of the appendix is retroperitoneal in about 30% of 
cases. Intraperitoneal location includes retrocecal, 
retroileal, deep pelvic, and rarely right upper quad-
rant location. 

Acute appendicitis is the most common cause of 
emergency abdominal surgery. Since clinical diagnosis 
is diffi cult, appendectomy after false-positive diagnosis 
of appendicitis is still performed in up to 20% of cases 
[38]. In women of fertile age, the error rate reaches up 
to 40%, because acute gynecological processes tend to 
clinically simulate acute appendicitis [39]. 

Patients with appendicitis have a signifi cantly 
shorter duration of pain than patients with other 
disorders.

Perforation and abscess formation complicated 
appendicitis in 38%–55%, with the highest rates 
occurring in children and in elderly patients.

17.3.3.1 
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 fi ndings 
of acute appendicitis include enlargement of the 
appendix (>6 mm in outer diameter), enhancement 
of the thickened appendiceal wall, and fat strand-
ing of the periappendiceal region (Fig. 17.13) [40]. 
Signs indicative of perforation include extralu-
minal air, extraluminal appendicolith, a defect in 
the enhancing appendiceal wall, and an abscess 
or phlegmon [41]. A phlegmon is characterized 
by diffuse infl ammation of the periappendiceal 
fat with no or small, ill-defi ned fl uid collections. 
An abscess is a well-delineated fl uid collection 
with rim enhancement [41]. Focal thickening of 

Fig. 17.12a,b. ovarian vein thrombosis. 
CT scans at the level below the renal 
hilum (a) and lower lumbar region 
(b). In a patient with bony metastasiz-
ing breast cancer (m), a nonoccluding 
thrombus (arrow) is identifi ed within 
the dilated right ovarian vein (b). At 
the level just below the renal hilum, the 
renal vein (arrowhead) is patent (a)

a

b
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the cecum due to the infl ammatory process can be 
observed and has been described as the arrowhead 
sign [40]. MR criteria suggesting acute appendicitis 
do not differ from those as described in CT. They 
include thickening of the appendiceal wall, a dilated 
fl uid-fi lled lumen, and increased intensity of peri-
appendiceal tissue on T2-weighted imaging or con-
trast-enhanced images (Fig. 17.14) [42]. Extraint-
estinal fl uid-fi lled hyperintense lesions with walls 
that are hypointense on T2-weighted images and 
thick on the contrast-enhanced images are indica-
tive of abscesses. Demonstration of air within such 
a lesion on MRI or CT allows the defi nite diagnosis 
of an abscess [43].

17.3.3.2 
Value of Imaging

In children and women of childbearing age, sonog-
raphy is the primary imaging modality to assess a 
patient with suspected acute appendicitis. However, 
due to its inability to visualize the normal appendix, 
and due to variations in location, CT is warranted in 
a negative US study [38]. It is regarded as the imaging 
modality of choice in the diagnosis of appendicitis, 
with excellent performance (sensitivity and specifi c-
ity rates of 90%–95% and 95%–100%, respectively). 
Due to its lack of ionization, MR is an alternative, 
highly useful imaging tool in the assessment of acute 

Fig. 17.13a,b. CT fi ndings in acute appendicitis . 
Transaxial scans in right lower quadrant (a, b). 
The tubular enhancing structure with a diameter 
of 9 mm represents the dilated appendix (arrow). 
It is surrounded by marked fat stranding of the 
pericecal fat and adjacent facial thickening.. At 
the base of the appendix (arrow), thickening of 
the cecum can be observed, which presents the 
arrowhead sign (b). A small fl uid collection is 
seen along the surface of the psoas muscle (b)

a

b
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right-lower-quadrant pain, especially in children and 
pregnant women [44, 45]. 

17.3.4 
Diverticulitis

Colonic diverticulosis is a very common condition in 
Western society, affecting 5%–10% of the population 
over 45 years, and 80% over 85 years of age [46]. 

Diverticula are small sacculations of mucosa and 
submucosa through the muscularis of the colonic 
wall. They develop where the nerve and blood vessel 
penetrate the muscularis between the teniae coli and 
mesentery [47]. The most common location for diver-
ticula is the sigmoid colon. Acute diverticulitis occurs 
when the neck of a diverticulum is occluded by food 
particles, stool, or infl ammation, resulting in micro-
perforation of the diverticulum and surrounding mild 
pericolic infl ammation, which is usually contained 
by pericolonic fat and mesentery. This may lead to a 
localized abscess or, if adjacent organs are involved, 
a fi stula. Poor containment results in free perforation 
and peritonitis [48]. The leading 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.

Right-sided diverticulitis occurs in only 1.5% of 
patients in Western countries but is more common 
in Asians and tends to affect younger patients 
(Fig. 17.15) [49]. Diverticulitis of small intestine or 
transverse colon is rare [50]. 

17.3.4.1 
Imaging Findings

At CT, diverticulosis appears as small, air-fi lled out-
pouchings of the colonic wall, most commonly in the 
sigmoid colon. In MRI on T1WI diverticula appear 
as hypointense against the high-signal-intense peri-
colonic fat. The most common imaging fi nding in 
diverticulitis is paracolic fat stranding, which is 
characteristically more severe than the focal colonic 
wall thickening (Fig. 17.16.) The key to distinguish-
ing diverticulitis from other infl ammatory conditions 
affecting the colon is the presence of diverticula in the 
involved segment [50]. Contrast-enhanced CT or fat-
suppressed T1-weighted image contrast provides the 
best assessment of thickening of the colonic wall and 
the pericolonic fat stranding. Other common imaging 
fi ndings are thickening of the lateral conal fascia and 
small amounts of ascites in the cul-de-sac. Accumula-
tion of fl uid in the root of the sigmoid mesentery is 
called the comma sign and engorgement of the mes-
enteric vessels is called the “centipede sign” [51]. 

Fig. 17.14a,b. Appendicitis in MRI. Transaxial (a) and sagittal T2WI (b). A tubular fi ngerlike lesion (arrow), characteristic of the 
dilated fl uid-fi lled appendix is seen in the right lower quadrant. The low-signal-intensity structure at the base of the appendix 
seen in the sagittal plane (b) presents an appendicolith (*). Appendicoliths are a highly specifi c sign of appendicitis; however, 
they are found in only 12% of cases. Courtesy of Dr. M. Umschaden, Wolfsberg

a b
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Fig. 17.16 Sigmoid diverticulitis. Multiple air-
containing diverticula are found along the sig-
moid colon. In this patient with acute pelvic pain, 
focal wall thickening, stenosis, and paracolic fat 
stranding (arrow) are signs of acute diverticuli-
tis involving the distal sigmoid colon. R, rectum

Fig. 17.15a,b. Right-sided diverticulitis. Trans-
axial CT scans at the level of the pelvic crest 
at the initial presentation (a) and after 3 weeks 
(b). In a 33-year-old woman who presented with 
acute right quadrant pain and laboratory signs 
of infl ammation, a diffuse infl ammatory process 
(arrow) in the pericecal region is demonstrated. 
It was diagnosed as acute retrocecal appendicitis 
(a). At surgery, there was no evidence of infl am-
matory changes of the appendix. The follow-up 
3 weeks later demonstrated complete resolution 
of the infl ammatory reaction and revealed sev-
eral diverticula (arrow) of the cecum (b)

a

b
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Complications of diverticulitis include diverticu-
lar abscess, colovesical fi stula, and perforation. An 
abscess that occurs in up to 30% of cases appears as 
a hypodense fl uid collection with a contrast-enhanc-
ing rim and surrounding infl ammatory changes. It 
may contain air or air–fl uid levels [47]. A colovesical 
fi stula is suspected when air is seen in the bladder 
and there is thickening of the bladder wall adjacent 
to a diseased segment of bowel [52]. Another com-
plication of diverticulitis can be focal contained per-
forations. They appear as small extraluminal depos-
its of air or extravasation of oral contrast material. 
Pneumoperitoneum is a rare fi nding in patients with 
diverticulitis [47]. 

17.3.4.2 
Diff erential Diagnosis

The most important differential diagnosis is colon 
carcinoma. The presence of pericolic lymph nodes 
suggests the diagnosis of colon cancer rather than 
diverticulitis [53]. The length of the involved segment 
(>10 cm), engorgement of adjacent sigmoid mesen-
teric vasculature, and the presence of fl uid in the 
root of the sigmoid mesentery favors the diagnosis 
of diverticulitis [47, 54]. However, in some cases it 
may not be possible to distinguish diverticulitis from 
colon cancer and concomitant diseases may be found 
in 3%–18% [54]. 

17.3.4.3 
Value of Imaging

The role of imaging in diverticulitis is to rule out 
complications of diverticulitis and the necessity for 
emergent surgery. If an abscess is detected CT guided 
percutaneous drainage may be perfumed. MR imag-
ing can be useful in the diagnosis of right sided diver-
ticulitis in young or pregnant patients with suspected 
appendicitis. 

17.3.5 
Epiploic Appendagitis

Appendices epiploicae are pedunculated fat fi lled 
structures protruding from the external surface of 
the colon into the peritoneal cavity. They vary con-
siderably in size, shape, and contour. In obese persons 
and people who have recently lost weight, they are 
largest. The average length is 3 cm, although they 
are occasionally up to 15 cm in size [55]. They are 

presumed to serve a protective cushion during peri-
stalsis. Epiploic appendagitis, also known as hemor-
rhagic epiploitis or appendicitis epiploica, is a rare 
benign self-limiting pathology secondary to torsion 
or spontaneous venous thrombosis of a draining 
vein. It occurs most commonly in the second to fi fth 
decades of life, with a similar incidence among men 
and women [55]. 

Patients most commonly present with sudden 
onset of abdominal pain without leukocytosis and 
fever [56]. 

17.3.5.1 
Imaging Findings

Normal appendices epiploicae are usually not seen 
on CT or MRI unless they are surrounded by a suf-
fi cient amount of intraperitoneal fl uid such as ascites 
or hemoperitoneum (Fig. 17.17). Imaging fi ndings of 
epiploic appendagitis include an oval-shaped fi nger-
like paracolic mass with the attenuation of fat and 
periappendiceal fat stranding [57]. In CT, the density 
tends to be higher than uninvolved fat. A well cir-
cumscribed hyperattenuating rim that surrounds the 
mass and represents the infl amed visceral peritoneal 
lining is a characteristic fi nding (Fig. 17.18). Adjacent 
colonic wall thickening and compression may also 
be seen [56]. Sometimes a high attenuation central 
dot representing thrombosed central vessels or cen-
tral areas of hemorrhage can be seen [57]. Rarely, 
dystrophic calcifi cation from a previously infarcted 
appendage may be evident [58].

17.3.5.2 
Diff erential Diagnosis

Segmental omental infarction, which is often local-
ized on the right side of the omentum, occurs simi-
larly to appendagitis epiploica from torsion or spon-
taneous venous thrombosis. Imaging fi ndings range 
from subtle focal hazy soft-tissue infi ltration of the 
omentum to a tumor-like infl ammatory processes 
that may or may not lie immediately adjacent to the 
colon [57, 58]. As features may also overlap with those 
of appendagitis epiploica, the term “focal fat infarc-
tion” has been suggested by some authors for both 
entities [57].
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17.3.5.3 
Value of Imaging

Epiploic appendagitis and omental infarction are 
causes of acute pelvic pain that are often misdiag-
nosed clinically as acute appendicitis or diverticulitis. 
Based on the imaging fi ndings, especially CT allows a 
defi nite diagnosis in most cases and patients can be 
managed conservatively.

17.3.6 
Crohn Disease 

Crohn disease is a chronic granulomatous infl amma-
tory intestinal disease with a mean age of presenta-
tion in the third and fourth decades. It can affect 
any part of the gastrointestinal tract from the mouth 
to the anus, often involving multiple discontinuous 
sites. The small intestine is involved in 80% of cases, 

Fig. 17.17. Normal appendices epiploi-
cae in CT. Appendices epiploicae of the 
sigmoid colon present pedunculated 
fat structures, which protrude from 
the sigmoid surface into the peritoneal 
cavity (arrow). They are easily visual-
ized because of ascites in this woman 
with peritoneal carcinomatosis. Small 
sigmoid diverticula which present air-
containing mural outpouchings into the 
perisigmoid fat tissue are also demon-
strated (arrowhead)

Fig. 17.18. Appendagitis epiploica. In a 29-
year-old patient with acute pain, a tender 
2.5-cm soft-tissue infi ltration (arrow) 
with adjacent reticular fatty infi ltration 
at the umbilical level is demonstrated. 
Because of its well-circumscribed hyper-
attenuating rim, it presents more likely 
appendagitis epiploica than omental 
infarction. The lesion vanished within a 
few days of conservative therapy
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most commonly at the terminal ileum. The colon is 
affected either with or without involvement of the 
small intestine [59]. Leading clinical manifestations 
are prolonged diarrhea with abdominal pain, weight 
loss, and fever. Because of transmural infl ammation, 
bowel loops may adhere to each other and result in 
masses, fi stulas, and obstruction. The development 
of sinus tracts can lead to serous penetration and 
bowel wall perforation. This complication may be 
associated with an acute presentation of localized 
peritonitis with fever, abdominal pain, and tender-
ness. Perianal disease such as anal fi ssures, fi stulas, 
and abscesses occur in 22% of patients with Crohn 
disease, and are often the fi rst clinical manifestation 
[60]. 

17.3.6.1 
Imaging Findings

Bowel wall thickening, usually ranging from 1 to 2 cm, 
is the most consistent feature of Crohn disease in CT 
and MRI images [61]. Particularly after intravenous 
administration of contrast material, mural stratifi ca-
tion (target appearance) is often seen in active lesions. 
An infl amed bowel wall displays marked enhancement 
after intravenous contrast media, and the intensity of 
enhancement correlates with the degree of infl amma-
tory lesion activity [62]. Luminal narrowing, prestenotic 
dilatation, and fi brofatty proliferation of the mesentery, 
and mesenteric lymph nodes ranging from 3 to 8 mm 
in size are further common fi ndings (Fig. 17.19). In 

Fig. 17.19a,b. Crohn disease in CT. 
Small bowel loops with dilatation and 
stenoses are demonstrated in two pelvic 
CT scans (a, b). An ileum sling shows 
transmural wall thickening and intense 
contrast enhancement (arrow) (a). 
Adjacent mesenteric hypervascularity 
presents the comb sign (long arrow) and 
is another sign of infl ammatory activ-
ity (b). Heterogeneity of surrounding 
fat with increased attenuation presents 
fi brofatty proliferation (arrowhead) (a)

a

b



374 R. Forstner and A. Schneider

abdominal pain, a peri- or infraumbilical mass, and 
anemic syndrome. Some patients also have a his-
tory of severe coughing episodes due to bronchial 
infection.

17.3.7.1 
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 [66]. Above this level, they 
usually appear as spindle-shaped due to encasement 
by fi rm aponeurotic sheaths (Fig. 17.20). Below the 
arcuate line, hematomas tend to appear spheri-
cal and may communicate with extraperitoneal 
pelvic and perivascular pelvic spaces [66]. In CT, 
hematomas present as homogeneous hyperdense 
lesions with thin circumferential halos of low den-
sity. Clot resorption leads to diminution of density 
and fl uid–fl uid levels because a hematocrit effect 
may be found within hematomas [67, 68]. Addi-
tional fi ndings of rectus sheath hematoma include 
increased density of the adjacent subcutaneous fat 
and enlargement of the anterolateral muscles [66]. 
On MRI, rectus sheath hematomas demonstrate 
heterogeneous signal intensities with areas of high 
signal intensity on T1-weighted and T2-weighted 
images. Fluid–fl uid levels and a concentric ring sign 
can also be noted [69]. 

17.3.7.2 
Diff erential 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 differen-
tiation of chronic rectus sheath hematomas from 
anterior abdominal wall masses such as lipoma, 
hemangioma, neurofibroma, desmoid tumor, soft-
tissue sarcoma, lymphoma, or metastatic lesions. 
Although bleeding into neoplasm may occur, 
hyperintense regions are rarely observed in tumors 
[66].

17.3.7.3 
Value of Imaging

In the presence of a clinically suspected rectus sheath 
hematoma or equivocal fi ndings in sonography, CT 
should be performed. CT usually allows the correct 
diagnosis and obviates unnecessary surgical inter-
ventions [67].

CT, fi brofatty proliferation shows a slightly increased 
attenuation. In 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 [59]. Fistulas and 
sinus tracts are also depicted; however, the reported 
sensitivity of MR imaging for depicting sinus tracts 
is 50%–75% compared to a conventional enteroclysis 
study [63]. 

17.3.6.2 
Diff erential Diagnosis

Ulcerative colitis is a mucosal disease that primarily 
affects the rectum. It is typically left-sided or diffuse, 
and only rarely involves the right colon exclusively 
[64]. The mean wall thickness in Crohn disease is 
usually greater than in ulcerative colitis [65]. The 
halo sign, a low-attenuation ring in the bowel wall 
caused by deposition of submucosal fat, is seen more 
commonly in ulcerative colitis than in Crohn disease. 
Proliferation of mesenteric fat is almost exclusively 
seen in Crohn disease, whereas proliferation of peri-
rectal fat is nonspecifi c and can result from Crohn 
disease, ulcerative colitis, pseudomembranous colitis, 
or radiation colitis [64]. Abscesses are almost exclu-
sively found in Crohn disease and not in ulcerative 
colitis [62]. 

17.3.6.3 
Value of Imaging

Cross-sectional imaging is able to demonstrate trans-
mural extent, skip lesions beyond severe luminal 
stenoses, and intraperitoneal extraintestinal compli-
cations. However, CT and MR imaging are inferior 
compared to enteroclysis in the depiction of early 
disease manifestations and of fi stulas and sinus tracts 
[59]. 

17.3.7 
Rectus Sheath Hematoma

Rectus sheath hematoma is an uncommon and often 
misdiagnosed condition resulting from either rup-
ture of the epigastric vessels or the rectus muscle 
itself. The hematoma may be caused by coagula-
tion disorders, trauma, or anticoagulation therapy 
[65]. Clinically, most patients present with acute 
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tendinous arch of the pelvic fascia  4
teratoma  211, 220
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thecoma  208, 226
thyroid hormone  208
thyrotoxicosis  224
TNM classifi cation  125
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torso phased-array coil  27
trachelectomy  127, 160, 163
transrectal ultrasound  172
transvaginal ultrasound (TVUS)  69, 103
transverse cervical ligament  5
trichomonas vaginalis  173
trisacryl gelatin-coated microsphere (TGM)  89
true fast imaging with steady precession (trueFISP)  28, 

297
TSE, see turbo-spin echo
tubal ligation  185

tuberculosis  356
tuboovarian abscess (TOA)  342, 358, 359
tumor
– invasion  107
– marker  235, 251
tunica albuginea  182
turbo FEE  28
turbo-spin echo (TSE)  135, 198
TVUS, see transvaginal ultrasound
twisted
– adnexal cystic mass  362
– ovarian dermoid  361

U

ulcerative colitis  374
ultrasmall superparamagnetic iron oxide particles 

(USPIO)  323, 327
ultrasound gel  278
umbilical metastasis  240
unicornuate uterus  191
unopposed oestrogen  102
ureteral damage  163
urethra  14
urethral
– fascia  15
– sphincter  16
urogenital
– female tract
– – embryogenesis  50
– hiatus  300
– prolapse  21
USPIO, see ultrasmall superparamagnetic iron oxide par-

ticles
uterine
– agenesis  343, 344
– anomaly  343
– artery embolization (UAE)  66, 69, 88
– – MR imaging  89
– bleeding  103
– cervix  37, 39, 44
– contraction  42
– corpus  40
– disorder  338
– fi broid  93
– leiomyoma  68, 202, 335, 350
– neoplasm  85
– zonal anatomy  339
uteropexy  304
uterosacral ligament  3, 17
uterus  17, 37
– arcuate  58
– bicornuate  55, 57
– congenital malformation  49
– didelphys  55, 57, 347
– multifi broid  74
– positions  133
– septate  56
– unicornuate  55
– uterus-conserving surgery
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vagina  17, 332
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– cancer  283
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– – radiotherapy  287
– – staging  285
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– metastases  283
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– tumor
– – staging  286
– – T1-/T2-weighted images  286
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VIBE, see volumetric interpolated breath-hold examina-
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volumetric interpolated breath-hold examination (VIBE)  

28

W

whole-body MRI  26
Wolffi an duct (see also mesonephric duct)  37, 50, 280
Wünderlich syndrome  343, 346, 347

X

X-ray lymphography  325

Y

Yolk sac tumor  255

Z

Zollinger-Ellison syndrome  209
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