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1.1            Introduction 

 Female genital tract anomalies are common 
 deviations from normal anatomy with an esti-
mated prevalence of 1–3 % in the general popula-
tion and even higher in selected populations such 
as recurrent aborters [ 1 ,  2 ]. 

 Their occurrence could be associated with a 
variety of clinical presentations ranging between 
life-threatening complications, severe health 
problems in the adolescence, and reproductive 
problems, although in most of them they are 
asymptomatic [ 1 – 3 ]. 

 Due to their high prevalence and possible 
impact on the reproductive health of women, 
congenital uterine malformations of the female 
genital tract are a challenge for the therapeutic 
decision-making process. 

 The diagnosis of Mullerian duct anomalies 
(MDA) is based upon the clinical presentation, 
physical examination, and subsequent imaging 
work-up with different imaging methods avail-
able, namely, sonography and magnetic reso-
nance (MR) imaging, among them MR imaging 
takes a leading role, especially in complex uter-
ine malformation [ 1 – 4 ].  

1.2     Epidemiology 

 Congenital malformations of the uterus  frequency 
vary widely owing to different patient popula-
tions, non-standardized classifi cation systems, 
and differences in diagnostic data acquisition. 
Because 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 probably underestimated. The over-
all published data suggest a prevalence range of 
uterovaginal anomalies of 1–3 % in the general 
population, among women with normal and 
abnormal fertility [ 5 – 7 ]. 

 While conceiving is a minor problem for the 
majority of women with MDA, the risk of preg-
nancy loss is truly associated with MDA, and its 
prevalence in women with repeated miscarriage 
is considered to be in the order of 3 %. No racial 
predilection is reported in the literature [ 5 ,  8 ,  9 ].  

1.3     Clinical Presentation 

 MDA may become clinically evident at different 
ages depending on their specifi c characteristics 
and associated disorders. In the newborn/infant 
age, an initial presentation of a palpable abdomi-
nal or pelvic mass due to a utero and/or vaginal 
obstruction causing intraluminal fl uid retention 
can be discovered. 
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 In 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 
intra-abdominal tumor. Some patients also have 
cyclical pain. 

 In childbearing age, MDA can present with 
various problems of infertility, repeated sponta-
neous abortions, premature delivery, fetal intra-
uterine growth retardation, and diffi culties during 
delivery. The defective embryological develop-
ment can also be associated with congenital mal-
formations of other organ systems. Most 
frequently, renal malformations like renal agene-
sis or ectopia can occur. Much less frequent are 
bony malformations – most of them occur in a 
complex of varying symptoms – like abnormal 
scapula, supernumerary or fused ribs, vertebral 
malsegmentation, fusion of the vertebral column 
(i.e., Klippel-Feil syndrome), and radiocarpal 
hypoplasia. 

 Other malformations such as cardiac defects 
have been described, but it remains unclear if 
some of the associated malformations are caused 
in the same development fi eld or if early expo-
sure to teratogenic agents was causative [ 7 ,  9 ]. 

 The literature does not show increased mortal-
ity 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 Mullerian systems with the 
presence of hematosalpinx (retention of blood in 
the fallopian tubes), hematocolpos (retention of 
blood in the vagina), and retrograde menses caus-
ing the potential problem of endometriosis [ 5 ].  

1.4     Embryology 

 The understanding of the embryogenesis of the 
urogenital female tract is of paramount impor-
tance to understand the pathogenesis of the dif-
ferent types of MDA. 

 The female reproductive system develops 
from the two-paired Mullerian ducts (synonym: 
paramesonephric duct) that start off in the embry-
onal mesoderm lateral to each Wolffi an duct 
(synonym: mesonephric duct). The paired 

Mullerian ducts develop in medial and caudal 
directions, and 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 lat-
eral fusion. 

 In a process called vertical fusion, the inter-
vening midline septum of both ducts undergoes 
regression. The caudal part of the vagina arises 
from the sinovaginal bulb and fuses with the 
lower fused Mullerian 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 can be basically classi-
fi ed into the presence of agenesis, hypoplasia, 
and defects in vertical and lateral fusion of the 
paired ducts [ 5 ].  

1.5     Classes of Mullerian Duct 
Anomalies (MDA) 

 The fi rst attempt to classify female congenital 
anomalies goes back to the beginning of the nine-
teenth century; Strassmann described septate and 
bicornuate uterus and some subgroups of the dis-
orders in 1907. However, the fi rst classifi cation 
system for categorization of congenital uterine 
malformations was that of the American Fertility 
Society (AFS) published in 1988, mostly based on 
the previous work of Buttram and Gibbons [ 3 ,  4 ]. 

 Then other classifi cation systems followed, 
but the AFS classifi cation is still the most broadly 
used, widely accepted among specialists. 

 The American Fertility Society introduced a 
classifi cation system that stratifi es MDA into 
seven different classes of uterine anomalies 
(Fig.  1.1 ).

1.5.1       Class I Anomalies: Dysgenesis 

 Dysgenesis (segmental agenesis and variable 
hypoplasia) of the Mullerian ducts (uterus and 
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upper 2/3 of the vagina) (Fig.  1.1 ). Mayer-
Rokitansky- Küster-Hauser syndrome is the most 
common form of Class I anomaly and includes 
agenesis of uterus and vagina [ 5 ,  9 ,  10 ] .   

1.5.2     Class II Anomalies: 
Unicornuate Uterus 

 Unicornuate uterus is the result of partial or com-
plete hypoplasia of one Mullerian duct (Fig.  1.1 ) 
[ 11 ]. Unicornuate uterus may be isolated (35 %) or 
associated with a contralateral rudimentary horn. 
The rudimentary horn presents with or without 
communication 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 rudimen-
tary horn, dysmenorrhea and hematometra may 
occur. Surgical resection either to relieve symp-
tomatic pain or to reduce the risk of potential ecto-
pic pregnancy is justifi ed. As with every obstructed 
system, the risk of endometriosis is also increased 
with a non-communicating rudimentary horn. 
Renal malformations are common with unicornu-
ate uterus and occur mostly on the same side as the 
rudimentary horn could be found [ 5 ].  

1.5.3     Class III Anomalies: Uterus 
Didelphys 

 Uterus didelphys is a result of complete non- 
fusion of the Mullerian ducts forming a complete 
uterine duplication with no communication 
between each other (Fig.  1.1 ). 

 Uterus didelphys may be associated with a 
longitudinal (75 %) or, more rarely, with a trans-
verse vaginal septum, the latter causing obstruc-
tive hematometrocolpos. 

 Endometriosis as a result of retrograde men-
struation may also occur in these conditions. A 
nonobstructive uterus didelphys is usually 
asymptomatic [ 5 ].  

1.5.4     Class IV Anomalies: 
Bicornuate Uterus 

 Bicornuate uterus is the result of incomplete 
fusion of the cranial parts of the Mullerian ducts 
(Fig.  1.1 ) [ 5 – 9 ,  12 ]. Two uterine cavities with 
normal zonal anatomy can be depicted. The lead-
ing imaging feature is a fundal cleft greater than 
1 cm of the external uterine contour that helps to 
distinguish bicornuate uterus from septate uterus. 

(a) Vaginal

(c) Fundal

(c) No cavity (d) No horn (a) Complete (b) Partial

(d) Tubal (e) Combined

(b) Cervical

I Hypoplasia/agensis II Unicornuate III Didelphus

IV Bicornuate

VII DES drug relatedVI ArcuateV Septate

(b) Partial(a) Complete

(a) Communicating (b) Non Communicating

  Fig. 1.1    Classifi cation system of Mullerian duct anomalies by the American Fertility Society       
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 Extension of the intervening fundal cleft to the 
internal cervical os characterizes the complete 
bicornuate uterus with a single cervix (bicornu-
ate, unicollis uterus), whereas variants of partial 
bicornuate uterus exist if the cleft is of variable 
length. Bicornuate uterus may be associated with 
a duplicated cervix (bicornuate bicollis uterus), 
as well as with a longitudinal vaginal septum that 
coexists in up to 25 % of bicornuate uterus. 
Nevertheless, a degree of communication is 
always present between both uterine cavities. 

 Still controversial is the need for surgical 
intervention and this is probably only necessary 
in specifi c cases. 

 A higher rate of cervical incompetence seems 
to be associated with bicornuate uterus [ 13 ].  

1.5.5     Class V Anomalies: Septate 
Uterus 

 Septate uterus is a result of partial or complete 
non-regression or the midline uterovaginal sep-
tum (Fig.  1.1 ) [ 12 ,  13 ]. The main imaging feature 
is that the external contour of the uterine fundus 
may be either convex or mildly concave (<1 cm) 
and not with a cleft greater than 1 cm, the latter 
defi ning a bicornuate or didelphic uterus. 

 Septate uterus is the most common Mullerian 
duct anomaly and is unfortunately associated with 
the poorest reproductive outcome. Because of dif-
ferent treatment options, septate uterus must be 
differentiated from bicornuate and didelphic 
uterus. A widely accepted defi nition – empirically 
established 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 cutoff of concavity is 
1 cm; deeper concavity is  associated with bicor-
nuate uterus and uterus didelphys. 

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

 Obstetric outcome seems not to be correlated 
with the length of the septum. The septum may 
be composed of muscle or fi brous tissue and is 

not a reliable means of distinguishing septate and 
bicornuate uteri. 

 Resection of the septum by hysteroscopic 
metroplasty is indicated and may improve the 
reproductive outcome signifi cantly [ 5 ].  

1.5.6     Class VI Anomalies: Arcuate 
Uterus 

 Arcuate uterus is the result of a near-complete 
regression of the uterovaginal septum forming a 
mild and broad saddle-shaped indentation of the 
fundal endometrium (Fig.  1.1 ). 

 Differentiation from bicornuate uterus is 
based on the complete fundal unifi cation; how-
ever, 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 ana-
tomic variant. 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 [ 5 ].  

1.5.7     Class VII Anomalies 

 DES-exposed uterus (Fig.  1.1 ). DES (synthetic 
estrogen, diethylstilbestrol, 1948–1971) may 
induce abnormal myometrial hypertrophy in the 
fetal uterus forming small T-shaped endometrial 
cavities, as well as increase the risk of developing 
a clear cell carcinoma of the vagina. 

 The characteristic uterine abnormalities must 
be categorized in the group of complex uterine 
anomalies and may occur with or without the 
exposure of DES [ 5 – 10 ,  12 – 14 ].   

1.6     Diagnosis of Uterine 
Anomalies 

 Diagnosis of uterine anomalies should be based 
on diagnostic modalities that could determine the 
anatomical status of the female genital tract on an 
objective way. 

V. Di Paola et al.
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 The ideal diagnostic method should provide 
objective and measurable information on the ana-
tomical status of the uterus in a noninvasive way 
[ 1 – 10 ,  12 – 15 ]. 

 The available diagnostic methods that can be 
used in the investigation of the patient are as 
follows. 

1.6.1     Gynecological Examination 

 It should be noticed that gynecological examina-
tion is very important in the diagnostic work-up 
of the patients with congenital malformations. 

 Vaginal malformations (aplasia, septum) and 
some cervical malformations could be diagnosed 
objectively mainly with inspection. Furthermore, 
palpation through the vagina and/or the rectum 
(in cases of vaginal aplasia) could provide useful 
but not always objective information [ 1 ].  

1.6.2     Two-Dimensional Ultrasound 
(2D US) 

 This approach provides objective and, impor-
tantly, measurable information for the cervix, the 
uterine cavity, the uterine wall, and the external 
contour of the uterus. It is very popular and 
accessible, noninvasive, but its accuracy highly 
depends on the experience of the examiner and 
on the examination methodology followed. 

 Endovaginal US has the advantage of 
improved spatial resolution [ 1 – 10 ,  12 – 16 ].  

1.6.3     Sonohysterography (SHG) 

 Compared to 2D US, this method has the addi-
tional advantage of offering a better imaging of 
the uterine cavity, thus enhancing the accuracy in 
identifying the anatomy of the female genital 
tract and especially that of the uterus. 

 With infusion of saline into the endometrial 
canal, sonohysterography provides improved 
delineation of the endometrium and internal uter-
ine morphology; however, it shares limitations 

similar to those of conventional endovaginal US 
and can only help evaluate patent endometrial 
canal [ 17 ].  

1.6.4     Hysterosalpingography (HSG) 

 HSG is indicated in the early stages of evaluation 
of the infertile couple. The examination provides 
a morphologic assessment of the endometrial and 
endocervical canal and supplies important infor-
mation regarding tubal patency. 

 Characterization of uterine anomalies can be 
diffi cult; however, there can be considerable 
overlap in fi ndings, notably with regard to differ-
entiation of a septate from a bicornuate uterus. 

 The major limitations of the procedure are the 
ability to characterize only patent canals and the 
inability to evaluate the external uterine contour 
adequately. 

 HSG also entails exposure to ionizing radia-
tion in these typically young women [ 12 ,  16 – 18 ].  

1.6.5     Three-Dimensional 
Ultrasound (3D US) 

 3D US provides an ideal, objective, and measur-
able representation of the examined organs. It 
provides information on the cervix, the uterine 
cavity, the uterine wall, the external contour of 
the uterus, and the other structures with the 
exception of tubes. Theoretically, it seems to be 
an ideal method for the diagnostic approach of 
the uterus [ 19 – 21 ], but has limited application in 
clinical practice.  

1.6.6     Magnetic Resonance 
Imaging (MR) 

 MR imaging has a reported accuracy of up to 
100 % in the evaluation of Mullerian duct 
anomalies. 

 It is a very useful diagnostic tool, since it can 
provide clear delineation of internal and external 
uterine anatomy in multiple imaging planes and, 
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most importantly, reliable depiction of the 
 external uterine contour. Complex anomalies and 
secondary diagnoses such as endometriosis can 
often be optimally characterized noninvasively. 

 Although it is more expensive than US, its 
greater accuracy makes it more trusted by many 
gynecologists [ 12 ,  17 – 22 ].  

1.6.7     Hysteroscopy (HYS) 

 Hysteroscopy is the gold standard for the exami-
nation of the cervical canal and the uterine cavity. 
However, as it does not provide information on 
the myometrial layer, hysteroscopy alone could 
not be used for the differential diagnosis between 
different groups. 

 Nowadays, with the use of normal saline as 
distension medium and the miniaturization of the 
rigid scopes, hysteroscopy has become a mini-
mally invasive screening tool, well tolerated by 
the patients and feasible for gynecologists [ 1 ].  

1.6.8     Laparoscopy 
and Hysteroscopy (Lap/Hys) 

 The combined application of these endoscopic 
techniques is thought to be the gold standard in 
the investigation of women with congenital mal-
formations and especially the uterine ones. 

 However, the diagnosis is mainly based on the 
subjective impression of the clinician performing 
them, and this is thought to be a limitation in the 
objective estimation of the anomaly [ 1 ].   

1.7     Imaging Findings in MDA 

 Once an MDA is suggested based on evidence 
from the patient history and physical examina-
tion, the next diagnostic step includes different 
imaging work-ups in order to detect and specify 
MDA and to guide further treatment options. 

 Before US and MRI were capable of visualiz-
ing MDA with a high accuracy, imaging of MDA 
was limited to hysterosalpingography (HSG). 
Since the diagnostic imaging properties of MDA 

include mainly the confi guration of the 
 endometrial cavity and the external uterine con-
tour, HSG is able to depict only certain types of 
MDA, whereas it fails in other cases and stays 
nonspecifi 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 provide 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 morpho-
logical, also the functional information of tubal 
patency, it is still used in the primary imaging 
work-up in case of infertility clarifi cation. 

 Nowadays, the fi rst imaging modalities in the 
MDA assessment include pelvic US – transab-
dominal US (performed with a 2.5- to 5-MHz 
probe, for evaluation of the entire abdomen, 
especially for associated renal malformations) 
and transvaginal US (performed with a 5- to 
8-MHz endovaginal probe, for better delineation 
of the uterus, vagina, and ovaries) – and 
MRI. Newer techniques, such as 3D US, even 
further improved the imaging diagnostics by giv-
ing better information about the external contour 
of the uterus and its volume [ 5 ,  16 ,  17 ].  

1.8     Magnetic Resonance 
Imaging (MRI) 

 Magnetic resonance imaging (MRI) is today 
 considered standard in the evaluation of MDA 
and accepted as the leading imaging modality for 
further surgical planning. MRI provides high- 
resolution images of the entire uterine anatomy 
(internal and external 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 (up to 100 % has been reported) 
[ 5 ,  8 ,  16 ,  17 ,  23 ,  24 ]. 

1.8.1     MRI Technique [ 11 ,  17 ,  25 ] 

 Patients should be scheduled to undergo RM 
examination possibly in the second half of the 
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menstrual cycle, during the follicular and secre-
tory phase when the thickness of the endome-
trium is increased, thus permitting to better depict 
the normal zonal anatomy of the uterus. No spe-
cifi c patient preparation is necessary but patients 
should have an empty urinary bladder; an intra-
muscular antispasmodic drug could be adminis-
tered some minutes prior the examination in 
order to reduce the motion artifacts related to the 
bowel peristalsis. 

 At moment, the gold standard for MR imaging 
of pelvic region is a high-fi eld magnet such as a 
1.5 T magnet with a phased array surface coil, but 
3 T magnets could be used too [ 26 ,  27 ]. Standard 
pelvic MR imaging protocols include axial 
T1-weighted and T2-weighted images. 
T2-weighted imaging is essential for evaluation 
of uterine anatomy. 

 T2 RARE sequences have the best spatial 
 resolution and are those to prefer in order to eval-
uate the presence of MDA, even if the acquisition 
time is longer than T2-weighted  half-Fourier  
sequences. 

 Sagittal sections are best suited to image the 
uterus point for proper assessment of the uterine 
fundal contour. In addition it is mandatory to per-
form axial or coronal oblique sections, depending 
on uterine lie, parallel to the endometrial cavity 
resulting in a long- axis view of the uterus. 

 An additional oblique sequence obtained per-
pendicular to the cervical results in a short-axis 
view and allows accurate assessment of the cer-
vix, demonstrating, if present, duplication or 
septation. 

 Because this series is pivotal in the evaluation 
of MDA, it is best performed earlier in the exami-
nation, prior to bladder fi lling, which often dis-
places consequently the uterus. 

 A coronal T2-weighted sequence, with a large 
fi eld of view to enable assessment of the kidneys 
should be performed in addiction [ 12 ,  17 ]. 

 T1-weighted sequences are mainly helpful to 
evaluate the presence of any associated patholo-
gies such as ovarian disease; they should be 
obtained both without and with fat saturation in 
order to better demonstrate the presence of hem-
orrhage within the endometrial cavity (hemato-
metra) and/or vagina (hematocolpos). 

 3D T2-weighted sequences are quick and 
 provide submillimeter section thickness allowing 
multiplanar reconstruction, thus could be used in 
pediatric patients to signifi cantly reduce imaging 
time. 

 Contrast material is not necessary to evaluate 
the presence and type of MDA and is not used in 
standard examination; Gadolinium-enhanced 
imaging is reserved for assessment of inciden-
tally discovered additional disease.  

1.8.2     Specifi c MRI Findings 

1.8.2.1     Class I: Mullerian Agenesis 
and Hypoplasia 

 Variable degrees of early failure to form the 
Mullerian ducts prior to fusion occur in approxi-
mately 10 % of uterine congenital anomalies. 
Complete vaginal agenesis is the common pre-
sentation (Mayer-Rokitansky-Küster- Hauser 
syndrome) (Figs.  1.1  and  1.2 ) [ 11 ,  24 – 29 ].

   Ninety percent of patients have associated 
uterine agenesis, and 10 % have a small rudimen-
tary uterus (Fig.  1.3 ). Uterine agenesis manifests 
as lack of visualization of a discernible uterus 
on MRI.

   Hypoplastic uteri are small, low-signal- 
intensity, soft-tissue remnants on T2-weighted 
images with diminished zonal anatomy even if an 
endometrial segment is present (Fig.  1.3 ). 

 Vaginal agenesis is best characterized on the 
axial plane with no normal vaginal tissue insinu-
ated between the urethra and rectum (Fig.  1.2 ) 
[ 24 ].  

1.8.2.2     Class II: Unicornuate Uterus 
 Failure of one Mullerian duct to elongate while 
the other develops normally results in the unicor-
nuate uterus and accounts for approximately 
20 % of Mullerian duct anomalies (Fig.  1.1 ). A 
unicornuate uterus may be isolated, manifesting 
in 35 % of patients, although it is usually associ-
ated with variable degrees of a rudimentary uter-
ine horn (Figs.  1.4  and  1.5 ) [ 17 ].

    A noncavitary rudimentary horn without asso-
ciated endometrium is seen in 33 % of cases, and 
that with an endometrial segment is seen in 32 %. 

1 Magnetic Resonance Imaging of Congenital Malformation of the Uterus
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A cavitary rudimentary horn is designated 
 “communicating” if there is communication with 
the endometrium of the contralateral horn (10 % 
of cases) and “non-communicating” if there is no 
such communication (22 % of cases) (Figs.  1.4  
and  1.5 ) [ 22 ]. 

 As with uterus didelphys, the manifestation is 
usually incidental unless a non-communicating 
rudimentary horn is present. Dysmenorrhea with 
hematometra may manifest at menarche in this 
subgroup. 

 In addition, the incidence of endometriosis is 
increased in this subgroup, similar to the case in 
an obstructed uterus didelphys [ 30 ]. 

 Resection of the non-communicating horn is 
indicated, not only for symptomatic relief but 
also because ectopic pregnancy may occur in the 
rudimentary horn. 

 Resection of a communicating horn is also a 
consideration, because pregnancies that develop 
in the rudimentary horn rarely yield viable 
offspring. 

a b

  Fig. 1.3    Uterine hypoplasia (I). Fast spin-echo T2-weighted 
images on axial (TR/TE 3000/108) ( a ) and sagittal plane 
(TR/TE 3310/94) ( b ) show uterine hypoplasia. Small  uterine 

remnant demonstrating lack of normal zonal anatomy. The 
vagina is normal in confi guration with normal vaginal tissue 
between urethra and rectum ( arrow  in  a )       

a b

  Fig. 1.2    Vaginal agenesis (Ia). Fast spin-echo T2-weighted images on coronal (TR/TE 3310/94) ( a ) and sagittal plane 
(TR/TE 4070/94) ( b ) show normal uterus with cervix and no vaginal cavity ( arrow  in  b )       
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 Surgical intervention in a rudimentary horn 
without associated endometrium is rarely 
indicated. 

 Renal abnormalities are more commonly 
associated with unicornuate uterus than with 
other Mullerian duct anomalies and have been 
reported in 40 % of these patients. The anomaly 
is always ipsilateral to the rudimentary horn. 

 Renal agenesis is the most commonly reported 
abnormality, occurring in 67 % of cases. 

 Ectopic kidney, horseshoe kidney, cystic renal 
dysplasia, and duplicated collecting systems have 
also been described. 

 On MR images, the unicornuate uterus appears 
curved and elongated, with the external uterine 
contour assuming a banana shape. Uterine vol-
ume is reduced, and the confi guration of the 
uterus is asymmetric. Normal myometrial zonal 
anatomy is maintained. The endometrium may be 
uniformly narrow or may assume a bullet shape, 
tapering at the apex. The endometrial-to- 
myometrial width and ratio are reported to be 
normal. 

 The appearance of the rudimentary horn is 
variable. When the endometrium is absent, the 
horn is of low signal intensity, with loss of  normal 

a b

c d

  Fig. 1.4    Non-communicating unicornuate uterus (II b). 
Fast spin-echo T2-weighted images on axial (TR/TE 
3000/108) ( a ) and coronal plane (TR/TE 3310/94) ( b ,  c ); 
fast spin-echo T1-weighted images on axial (TR/TE 
550/12) ( d ) show unicornuate uterus with non-communi-
cating rudimentary horn that contains endometrium. No 

communication with the cavity of normal left uterine 
horn. This cavity communicates with a normal cervix; the 
image ( b ) shows Naboth cyst of the cervix uteri. A large 
area of hematometra within the non-communicating horn 
is seen ( arrow  in  d )       
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zonal anatomy [ 31 ]. When the endometrium is 
present, zonal anatomy may be preserved 
[ 12 ,  17 – 24 ].  

1.8.2.3     Class III: Uterus Didelphys 
 Uterus didelphys, which constitutes approxi-
mately 5 % of Mullerian duct anomalies, is the 
result of nearly complete failure of fusion of the 
Mullerian ducts (Fig.  1.1 ). Each Mullerian duct 
develops its own hemiuterus and cervix and dem-
onstrates normal zonal anatomy with a minor 
degree of fusion at the level of the cervices. No 
communication is present between the duplicated 
endometrial cavities (Figs.  1.6 ,  1.7 , and  1.8 ).

     A longitudinal vaginal septum is associated in 
75 % of these anomalies. 

 Longitudinal vaginal septa may be compli-
cated by defects in vertical fusion that result in 

a transverse vaginal septum and subsequent 
hematometrocolpos. 

 Nonobstructive uterus didelphys is usually 
asymptomatic, while uterus didelphys with unilat-
eral vaginal obstruction may become symptomatic 
at menarche and manifest as dysmenorrhea. 

 Endometriosis and pelvic adhesions have an 
increased prevalence and are reported to be sec-
ondary to retrograde menstrual fl ow in the subset 
of patients with obstruction. MR imaging dem-
onstrates two separate uteri with widely diver-
gent apices, two separate cervices, and usually an 
upper vaginal longitudinal septum (Figs.  1.6 ,  1.7 , 
and  1.8 ). In each uterus, the endometrial-to- 
myometrial width and ratio are preserved, as is 
normal uterine zonal anatomy. 

 An obstructed unilateral vaginal septum 
may cause apparent marked deformity of the 

a b

c d

  Fig. 1.5    Unicornuate communicating uterus (IIa). Fast 
spin-echo T2-weighted images on axial (TR/TE 2800/110) 
( a ) and coronal plane (TR/TE 3310/93) ( b ) show unicor-
nuate uterus with a communicating rudimentary left uter-

ine horn ( arrow  in  b ). Hysterosalpingography images 
( c ,  d ) demonstrated the fi lling of only the main uterine 
cavity; however, the lack of hematometra at MRI imaging 
allows excluding non-communicating uterus       
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a b

  Fig. 1.6    Didelphys uterus (III). Fast spin-echo 
T2-weighted images on sagittal (TR/TE 4530/90) ( a ) and 
coronal plane (TR/TE 3310/93) ( b ) show two separate 

cervices and two divergent uterine horns ( arrows  in  b ) and 
duplication of the proximal vagina well defi ned by pres-
ence of fl uid ( arrowheads  in  b )       

a b

c d

  Fig. 1.7    Didelphys uterus (III). Fast spin-echo 
T2-weighted images on axial (TR/TE 2800/110) ( a ,  c ,  d ) 
and coronal plane (TR/TE 4070/94) ( b ) show two diver-
gent horns with duplicated cervices in close apposition 

but no evidence of fusion. It is appreciable wide diver-
gence of uterine horns without communication of endo-
metrial cavities and presence of septum ( arrow  in  b ). No 
longitudinal septum is seen in the vagina ( c )       
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uterus according to the degree of associated 
 hematometrocolpos [ 17 ,  24 ,  32 ].  

1.8.2.4     Class IV: Bicornuate Uterus 
 The bicornuate uterus results from incomplete 
fusion of the uterovaginal horns at the level of the 
fundus and accounts for approximately 10 % of 
Mullerian duct anomalies (Fig.  1.1 ). Patients 
with a bicornuate uterus and no extrauterine 
infertility issues usually have little diffi culty 
conceiving. 

 A bicornuate uterus consists of two symmet-
ric cornua that are fused caudally, with commu-
nication of the endometrial cavities – most 
often at the level of the uterine isthmus 
(Figs.  1.9  and  1.10 ).

    The intervening cleft of the complete bicornu-
ate uterus extends to the internal cervical os 
(bicornuate unicollis) (Figs.  1.9  and  1.10 ), while 
the cleft of a partial bicornuate confi guration is of 
variable length (Figs.  1.11  and  1.12 ).

    A bicornuate bicollis uterus is associated with 
a duplicated cervix, although a degree of 

 communication is maintained between the two 
horns. At least six variations of the bicornuate 
uterus have been described in the literature. 
Longitudinal upper vaginal septa are reported to 
coexist in 25 % of bicornuate uteri. 

 On MR images, the bicornuate uterus demon-
strates a cleft of at least 1.0 cm of the external 
fundal uterine contour. The horns demonstrate 
normal uterine zonal anatomy. The endometrial-
to- myometrial ratio and width are normal in 
appearance. Superimposed leiomyomas and ade-
nomyosis are well demonstrated [ 12 ,  17 – 24 ].  

1.8.2.5     Class V: Septate Uterus 
 The septate uterus is the most common Mullerian 
duct anomaly (Fig.  1.1 ). This anomaly composes 
approximately 55 % of Mullerian duct anomalies 
and is associated with some of the poorest repro-
ductive outcomes. 

 On MR images, the septate uterus is generally 
normal in size. The endometrial cavities appear 
smaller than in uteri with a normal confi guration 
(Figs.  1.13  and  1.14 ). The external uterine 

a b

c

     Fig. 1.8    Didelphys uterus (III). Fast spin-echo 
T2-weighted images on axial (TR/TE 4070/94) ( a ) and 
coronal plane (TR/TE 3310/93) ( b ) show complete dupli-

cation of uterine horns, which result non-communicating. 
( c ) US examination demonstrated the associated agenesis 
of the right kidney       
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a b

  Fig. 1.9    Partial bicornuate uterus (IV). Fast spin-echo T2-weighted images on sagittal plane (TR/TE 4530/90) ( a ) and 
on axial plane (TR/TE 4070/94) ( b ) show a unique uterine cavity with abnormal uterine contour ( arrow )       

a b

c

  Fig. 1.10    Partial bicornuate uterus (IV b). Fast spin-echo 
T2-weighted images on axial (TR/TE 4070/94) ( a ) and 
coronal plane (TR/TE 3300/108) ( b ) show large notch 
between two separate uterine horns and the  communication 

with a solitary cervix ( arrow ). Hysterosalpingography 
(HSG) image of the same patients ( c ) shows normal opa-
cization only of the left horn       
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a

c

b

  Fig. 1.11    Complete bicornuate uterus (IVa). Fast spin- 
echo T2-weighted images on coronal (TR/TE 4070/94) 
( a ) and axial plane (TR/TE 3070/108) ( b ,  c ) demonstrate 

wide divergence of uterine horns, with communication of 
endometrial cavities in the cervix ( arrow  in  c )       

a b

  Fig. 1.12    Complete bicornuate uterus (IVa). Fast spin- 
echo T2-weighted images on axial (TR 2800/TE 110) ( a ) 
and coronal plane (TR/TE 4070/94) ( b ) demonstrate two 

uterine horns with communication of endometrial cavities 
within the lower uterine body ( arrow  in  b ) and two dupli-
cated cervices       
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 contour is united and may be convex, fl at, or 
mildly concave.

    The fundal segment of the septum is isointense 
to myometrium in all septa, partial or  complete 
(Figs.  1.13  and  1.14 ). In complete septa, the infe-
rior segment of the septum is usually a low- signal 
linear band on T2-weighted images,  corresponding 

to the more fi brous component. This band more 
often is absent in partial septa, which are uni-
formly isointense to myometrium. 

 The presence of leiomyomas and adenomy-
osis that can arise in the septum corroborates 
the myometrial composition of the septum 
[ 12 ,  17 – 24 ].  

a b

  Fig. 1.13    Complete septate uterus (Va). Fast spin-echo 
T2-weighted images on axial (TR 2820/TE110) ( a ) and 
coronal plane ( b ) (TR/TE 4070/94) show a normal-sized 

uterus with the presence of a low-signal-intensity com-
plete fi brous  septum ( arrows  in  a  and  b )       

a b

  Fig. 1.14    Partial septate uterus (Vb). Fast spin-echo 
T2-weighted images on axial (TR 2820/TE 110) ( a ) and 
coronal plane ( b ) (TR/TE 4000/94) show the septum divid-

ing the uterine cavity is of uniform low signal intensity, con-
sistent with fi brous tissue surrounded by myometrium ( arrow  
in  a ). The septum does not extend onto the cervical os       
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1.8.2.6     Class VI: Arcuate Uterus 
 The arcuate uterus is characterized by a mild 
indentation of the endometrium at the uterine 
fundus as a result of near-complete resorption of 
the uterovaginal septum (Fig.  1.1 ). Classifi cation 
has been problematic, because it remains unclear 
whether this variant should be classifi ed as a true 
anomaly or as an anatomic variant of normal. On 
revision of the classifi cation by the American 
Fertility Society, a separate class was designated 
because the arcuate uterus can be distinguished 
from a bicornuate uterus on the basis of its com-
plete fundal unifi cation (Fig.  1.15 ).

   Data regarding the reproductive outcomes of 
patients with an arcuate uterus are extremely lim-
ited and widely disparate. 

 On MR images, the normal external uterine 
contour is maintained. The myometrial fundal 
indentation is smooth and broad, and the signal 
intensity of this region is isointense to normal 
myometrium. No low-signal-intensity fi brous 
component is appreciated (Fig.  1.15 ) [ 12 ,  17 – 24 ]. 
A defi ning depth to differentiate a prominent arcu-
ate from a mild septum has not been established.  

1.8.2.7     Class VII: DES-Exposed Uterus 
 DES is a synthetic estrogen that was introduced 
in 1948 and prescribed for women experiencing 
recurrent spontaneous abortions, premature 
deliveries, and other pregnancy complications. 
By increasing the synthesis of placental steroidal 

hormones, DES was thought to decrease the fre-
quency of pregnancy loss. 

 In utero exposure to DES was shown to be 
associated with clear cell carcinoma of the 
vagina, and use of the drug was abruptly discon-
tinued in 1971. 

 Structural anomalies of the uterine corpus, 
cervix, and vagina were subsequently described 
and shown to affect reproductive potential. DES 
has been shown to interfere with embryologic 
development of the mesenchyme of the genital 
tract. 

 However, it should be noted that not all women 
exposed to DES have reproductive problems. 

 The amount of the drug ingested, as well as 
when the drug was taken during the gestation, has 
clinical implications. If the drug was taken very 
early in the fi rst trimester or after 22 weeks gesta-
tion, structural abnormalities are not likely to 
occur [ 14 – 17 ]. 

 Moreover, the characteristic spectrum of uter-
ine abnormalities associated with DES exposure 
has been reported in women without a history of 
exposure to the medication. As such, the 
 morphologic changes may represent a rare 
Mullerian anomaly of the uterus that may be 
expressed because of or induced by exposure to 
DES. 

 A T-shaped confi guration of the endometrial 
cavity is the most commonly associated abnor-
mality, seen in 31 % of exposed women (Fig.  1.1 ). 

a b

  Fig. 1.15    Arcuate uterus (VI). Fast spin-echo 
T2-weighted image on axial plane (TR/TE 4070/94) ( a ,  b ) 
in two different patients shows a mild indentation of uter-

ine profi le ( arrows ), with the normal myometrial signal 
intensity. The lack of low signal intensity allows to exclude 
the presence of fi brous septum and then of a septate uterus       
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Other uterine corpus anomalies include a small 
hypoplastic uterus, constriction bands, a widened 
lower uterine segment, a narrowed fundal seg-
ment of the endometrial canal, irregular endome-
trial margins, and intraluminal fi lling defects. 

 Anomalies of the fallopian tube include fore-
shortening, sacculations, and fi mbrial deformi-
ties with fi mbrial stenosis. Cervical anomalies 
occur in 44 % of cases and include hypoplasia 
anterior cervical ridge, cervical collar, and pseu-
dopolyps. On MR images, uterine hypoplasia, the 
T confi guration of the endometrial cavity, and 
constriction bands can be demonstrated. 

 The characteristic T confi guration is best 
delineated with optimized imaging parallel to the 
long axis of the uterus. Constriction bands are 
characterized by focal thickening of the junc-
tional zone, which makes the endometrial cavity 
narrow and irregular [ 12 ,  17 – 24 ].    

    Conclusions 

 Mullerian duct anomalies encompass a wide 
spectrum of clinical and imaging fi ndings, and 
while many of the anomalies will be diagnosed 
initially at HSG or two-dimensional US, fur-
ther imaging with MR and, potentially, three- 
dimensional US will often be required for a 
defi nitive diagnosis. MR imaging currently is 
the study of choice because of its high accuracy 
and detailed elaboration of uterovaginal and 
ovarian anatomy. Laparoscopy and hysteros-
copy are then reserved for women in whom 
interventional therapy is being undertaken, thus 
reducing health- care expenditures and sparing 
women invasive diagnostic procedures [ 17 ].     
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2.1            Epidemiology 

 Endometrial    cancer (EC) represents the most 
common gynecological malignancy in developed 
countries [ 1 ] and is the fourth most common can-
cer, after breast, lung, and colorectal cancer [ 2 ]. 
About 290,000 new cases of endometrial cancer 
are annually diagnosed worldwide [ 3 ], leading to 
approximately 74,000 deaths per year [ 4 ], and 
47,000 new cases of EC are diagnosed yearly in 
the United States only [ 4 ]. The incidence of EC is 
ten times higher in North America and Europe 
than in less developed countries, because of a 
higher prevalence of risk factors among these 
populations [ 5 ], and it is rising parallel to the 
increase of life expectancy [ 2 ] and to the increase 
in the prevalence of obesity [ 6 ]. 

 Endometrial cancer predominantly affects 
postmenopausal women [ 2 ], with 95 % of the 
cases diagnosed in women >40 years of age [ 7 ], 

and shows an incidence peak between 55 and 
65 years [ 8 ]. Besides age, the main risk factors for 
developing endometrial carcinoma are correlated 
to an excessive and prolonged estrogenic stimula-
tion [ 9 ] and include obesity, estrogen- only substi-
tuting therapy, early menarche, late menopause, 
nulliparity, and Stein-Leventhal syndrome [ 4 ]. 
Estrogenic hyperstimulation increases the mitotic 
activity of endometrial cells, i.e., the number of 
DNA replications, increasing therefore the possi-
bility of replication errors, which may lead to the 
somatic mutations that are responsible for the 
generation of a malignant phenotype [ 10 – 12 ]. 
Among the abovementioned ones, another well-
known risk factor for the development of EC is 
the administration of tamoxifen, an antiestrogenic 
drug used as an adjuvant treatment in patients 
affected by breast cancer. In the endometrium, 
tamoxifen shows a paradox estrogenic-like effect 
that is responsible for its oncogenetic effect [ 4 ]. 
Hereditary nonpolyposis colorectal cancer 
(HNPCC) disease represents another risk factor 
for the development of EC and may induce it in 
young women. Moreover a signifi cant association 
has been also highlighted between endometrial 
cancer and diabetes mellitus [ 8 ].  

2.2     Presentation and Diagnosis 

 Abnormal uterine bleeding (intermenstrual or 
postmenopausal) is the most frequent presenting 
symptom of endometrial carcinoma, and it is 
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appreciable in about 90 % of the cases [ 13 ]. 
   Abnormal uterine bleeding usually manifests early 
in the disease history and leads women to seek a 
gynecologist; as a consequence, in developed 
countries 75 % of the cases of EC are early diag-
nosed (at stage I). In postmenopausal women, 
endometrial carcinoma is responsible for 8–10 % 
of the cases of uterine bleeding, whereas its preva-
lence as a cause of abnormal uterine bleeding in 
pre- and perimenopausal women is extremely 
lower, and this difference may lead to some diag-
nostic delay in this patient population. On the 
other hand, about 10 % of EC are clinically asymp-
tomatic, and these neoplasms are usually detected 
because of the presence of atypical cells at cervical 
smear or because of abnormal fi ndings during pel-
vic ultrasound [ 8 ]. Finally, only a minority of EC 
are detected in very advanced stages because of 
symptoms correlated to metastatic disease. 

 In a patient presenting with abnormal uterine 
bleeding, fi rst of all an accurate physiological and 
pharmacological anamnesis must be performed. 
After that, transvaginal ultrasound (TV- US) rep-
resents the fi rst-line imaging modality; in post-
menopausal women, the fi nding of an endometrial 
thickness >5–7 mm is considered pathological 
and requires further investigations. The use of a 
7 mm cutoff value enables to identify patients 
affected by EC with a sensitivity >95 % (Fig.  2.1 ). 
On the other hand, no defi nite cutoff values exist 

for endometrial thickness in premenopausal 
women in which the suspicion of endometrial car-
cinoma should be mainly clinical.

   If, because of clinical data or ultrasound fi nd-
ings, the presence of an endometrial carcinoma is 
suspected, histological evaluation is mandatory. 
To date, endometrial biopsy represents the most 
widely used technique for assessing the presence 
of EC and has largely replaced dilatation and 
curettage because of its lower cost, little or no 
need of anesthesia, and less traumatism. However, 
endometrial biopsy shows only a fair accuracy in 
assessing tumor type and grade: for example, up 
to 30 % of grade 1 tumors at endometrial biopsy 
will be upgraded to grade 2 or 3 on hysterectomy 
specimen.  

2.3     Pathological Findings 

 The large majority of endometrial neoplasms 
arises from the endometrial glandular epithelium 
and is represented by adenocarcinomas of endo-
metrioid type (75–85 %) (Fig.  2.2a ) [ 8 ]. 
Endometrioid-type EC usually develops in the 
setting of a hypertrophic endometrium and often 
show a polypoid appearance; these lesions may 
be further subdivided into four subtypes accord-
ing to their prevalent histologic aspects (with 
squamous differentiation and villoglandular, 
secretory, or ciliated cells). Moreover, every sub-
type can show three different grades of differen-
tiation, from grade 1, well differentiated 
neoplasms, to grade 3, poorly or undifferentiated 
neoplasms [ 8 ]. Grade 1 endometrioid EC are 
constituted by well-formed glands, with no more 
than 5 % of solid non-squamous areas, whereas 
solid non-squamous areas represent 6–50 % of 
the mass in grade 2 neoplasms and more than 
50 % of it in grade 3 ones [ 2 ,  14 ].

   Another 20–25 % of endometrial neoplasms 
are constituted by endometrial adenocarcinomas 
that are grouped together under the “non- 
endometrioid” diction (Fig.  2.2b ) that comprises 
serous carcinomas, clear-cell carcinomas, mixed 
carcinomas, squamous-cell carcinomas, 
transitional- cell carcinomas, small-cell carcino-
mas, and undifferentiated carcinomas.    All these 

  Fig. 2.1    Transvaginal sonography showing a pathologi-
cally thickened endometrial cavity ( line ) secondary to the 
presence of an endometrial carcinoma       
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neoplasms have a highly aggressive behavior, 
which makes unnecessary the defi nition of a 
grade; in particular, serous carcinoma is the most 
aggressive subtype of endometrial carcinoma and 
shows prognosis similar to ovarian carcinoma. 

 In a small percentage of cases, the endome-
trium may also be involved by tumors of stromal 
origin (Fig.  2.2c ), which include endometrial sar-
coma, mixed Müllerian tumor, and leiomyosar-
coma, that are characterized by a highly 
aggressive behavior and by an extremely poor 
prognosis [ 8 ]. 

 It is important to notice that mixed 
 epithelial- stromal tumors exist and that they may 
lead to some errors in preoperative histological 
evaluation because only one of the two compo-
nents might be sampled during endometrial biopsy.  

2.4     Tumor Spread 

 The most common way of diffusion of endome-
trial carcinoma is direct infi ltration of adjacent 
structures. In particular, EC, which arises within 

a

b

  Fig. 2.2    ( a–c ) Different 
pathological appearances 
of endometrial cancer. G1 
endometrioid-type 
endometrial carcinoma ( a ) is 
characterized by an overall 
conservation of endometrial 
glandular appearance with 
the presence of nuclear 
atypia, nuclear overlays, and 
an increased number of 
mitosis; the stroma is 
markedly reduced and 
atypical glands are densely 
packed. Serous-type 
endometrial carcinoma 
( b ) shows a papillary 
architecture with more 
evident nuclear atypia ( box ). 
Endometrial stroma sarcoma 
( c ) is characterized by 
glandular rarefaction ( lower 
portion ), in comparison with 
the physiological 
endometrium ( upper 
portion ), secondary to an 
abnormal expansion of 
endometrial stroma. At high 
magnifi cation ( box ) the 
atypical stromal proliferation 
is clearly appreciable         

 

2 MRI of Endometrial Carcinoma



22

the endometrium, usually begins its spread by 
infi ltrating the superfi cial myometrium (i.e., the 
junctional zone). The neoplasm may then advance 
infi ltrating deeper myometrial portions, usually 
by means of a wide infi ltrating front. In advanced 
stages, EC may also reach the serosa and extend 
to peritoneal cavity and to adjacent organs. A less 
common way of direct spread of EC involves cer-
vical epithelium and cervical stroma with possi-
ble extension to vaginal walls [ 15 ,  16 ]. 

 The second most common way of diffusion 
of EC involves the lymphatic pathways that lead 
to the parametrial, paracervical, and obturator 
lymph nodes, in case of tumors of the middle 
and lower uterine portions, and to the common 
iliac and para-aortic lymph nodes, in case of 
neoplasms involving the uterine fundus and 
tubaric angles [ 15 – 17 ]. Inguinal nodes may also 
be involved by means of a spread along the 
round ligament following adnexal or pelvic 
sidewall tumor involvement. The probability of 
lymphatic spread is minimal for neoplasms con-
fi ned to the inner myometrial portion and 
increases parallel to the depth of myometrial 
infi ltration [ 18 ,  19 ]. Moreover, the presence of 
cervical stromal infi ltration and the histologic 
diagnosis of non-endometrioid- type EC are also 
associated with a signifi cantly increased risk of 
nodal metastases. 

 Tumor extension to the uterine cornua and to 
Fallopian tubes provides another route of spread 
to adnexal structures and the peritoneal cavity; 
this kind of spread is obviously more common 
for tumors involving the uterine fundus and 
tubaric angles than for the ones involving the 
uterine body or neck [ 15 ,  16 ,  20 ]. 

    Distant hematogenous metastases usually 
occur late in the biological history of EC, usually 
in locally advanced cases or in histological sub-
types with poor prognosis, and mainly involve 
the lungs, liver, and bone marrow [ 8 ].  

2.5     Tumor Staging 

 Since 1988, the    FIGO (International Federation 
of Gynecology and Obstetrics) defi nes formal 
staging of endometrial carcinoma subdividing 
the neoplasms into four main stages (stage I, 
tumor confi ned to the corpus uteri; stage II, tumor 
involving cervical stroma; stage III, local/
regional tumor spread; and stage IV, tumor invad-
ing other organs/structures) according to surgical 
and pathological data acquired after complete 
abdominal hysterectomy with bilateral salpingo- 
oophorectomy,  pelvic and retroperitoneal lymph-
adenectomy, omentectomy or omental biopsies, 
and peritoneal washing [ 21 ,  22 ]. 

cFig. 2.2 (continued)
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 The 2009 revision (Table  2.1 ) of the 1988 
FIGO classifi cation of endometrial carcinoma is 
the one actually in use; it maintained the four 
main stages (I–IV) of differentiation, but simpli-
fi ed some further subdivisions. Stage I is actually 
subdivided into two substages (vs. 3 substages in 
the previous classifi cation): Stage IA is 

 characterized by myometrial infi ltration <50 % of 
its thickness, and stage IB by myometrial infi ltra-
tion >50 % of its thickness; no more difference is 
made between EC that exclusively involve the 
endometrium and EC that also infi ltrate the inner 
half of the myometrium. Stage II actually    has no 
substages (vs. 2 substages in the previous classifi -
cation): cervical mucosa infi ltration is no longer 
considered a staging parameter, whereas cervical 
stromal infi ltration remains its unique 
 characteristic. Stage III maintained three sub-
stages: stage IIIA is characterized by serosa and/
or adnexal infi ltration, stage IIIB by vaginal and/
or parametrial involvement, and stage IIIC by 
nodal metastases.    Two differences exist between 
the 1988 and 2009 classifi cation of stage III: posi-
tive peritoneal cytology is no more considered a 
staging criteria (previously it was included in 
stage IIIA), and stage IIIC has been further subdi-
vided into IIIC1 (pelvic nodal involvement) and 
IIIC2 (lomboaortic nodal involvement).    No dif-
ferences exist between the 1988 and 2006 classifi -
cation of stage IV that maintained two substages: 
stage IVA, characterized by bladder and/or rectal 
infi ltration, and stage IVB, showing distant metas-
tases (including inguinal lymph nodes).

2.6        Prognosis 

 The prognosis of a patient affected by EC is 
 overall better than for other gynecological malig-
nancies, but it depends on the histological type, 
tumor grade, and tumor stage. 

 Non-endometrioid-type EC is associated with 
an overall poor prognosis; indeed, although rep-
resenting only about 20 % of the cases, non- 
endometrioid EC account for more than 50 % of 
all recurrences and deaths for endometrial carci-
noma [ 23 ]. On the other hand, endometrioid-type 
EC show an extremely variable prognosis, 
depending on the tumor grade and stage; for 
example, the prevalence of nodal metastases, 
which are correlated with a poor prognosis, is 
signifi cantly higher in patients affected by G2–
G3 endometrioid-type EC than in patients 
affected by G1 ones. 

    Table 2.1       The 2009 FIGO staging system of  endometrial 
carcinoma and corresponding MRI features   

 Stage  FIGO description  MRI features 

 IA  No/less than half 
myometrial 
invasion 

 Myometrium shows 
normal signal intensity 
profoundly to the 
neoplasm >50 % of its 
thickness 

 IB  Equal to/more 
than half 
myometrial 
invasion 

 Myometrium shows 
normal signal intensity 
profoundly to the 
neoplasm <50 % of its 
thickness but serosa 
hypointense rim is 
preserved 

 II  Cervical stroma 
infi ltration 

 Interruption/signal 
intensity alteration of 
cervical stroma 
hypointense ring 

 IIIA  Serosa infi ltration 
and/or adnexal 
involvement 

 Interruption/signal 
intensity alteration of 
serosa hypointense rim 
and/or presence of an 
adnexal mass 

 IIIB  Vaginal and/or 
parametrial 
involvement 

 Signal intensity alteration 
extending to the vagina 
and/or to the parametria 

 IIIC1  Pelvic lymph 
node metastases 

 Pathologically enlarged 
(>10 mm in minimum 
diameter) pelvic lymph 
nodes 

 IIIC2  Para-aortic lymph 
node metastases 

 Pathologically enlarged 
(>10 mm in minimum 
diameter) retroperitoneal 
lymph nodes 

 IVA  Bladder and/or 
bowel mucosa 
infi ltration 

 Loss of cleavage plans 
between the neoplasm and 
the bladder and/or the 
bowel walls that appear 
thickened 

 IVB  Distant 
metastases 
(including 
inguinal lymph 
nodes) 

 Pathologically enlarged 
(>10 mm in minimum 
diameter) inguinal lymph 
nodes or other distant 
metastases (often not 
comprised in MRI scans) 
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 Besides tumor type and grade, the 5-year 
 survival rates (5 years) of endometrial carcinoma 
are also strictly correlated with tumor stage at the 
time of diagnosis. Stage IA EC show a 5 years of 
about 89.6 %, stage IB ones of 77.6 %, and stage 
II of 70.2 %. The 5 year survival rates of EC sig-
nifi cantly decrease for stage III neoplasms, to 
about 49.2 %;    the presence of nodal metastases is 
associated with 5 years of 57 % for pelvic nodal 
involvement only (stage IIIC1) and 49 % for 
para-aortic nodal involvement (stage IIIC2) [ 24 ]. 
Stage IV EC is associated with an extremely poor 
prognosis, with a 5 years of 18.7 %. 

 The patient’s overall physical performance 
status and age are also strictly correlated with 
prognosis [ 25 ].  

2.7     Treatment 

    The standard surgical treatment for endometrial 
carcinoma implies laparotomy and comprises 
complete hysterectomy with bilateral salpingo- 
oophorectomy, pelvic and retroperitoneal lymph-
adenectomy, omentectomy or omental biopsies, 
and peritoneal washing.    Nowadays, however, the 
improvements in preoperatory staging tech-
niques, namely, ultrasound (US), magnetic reso-
nance (MR), and computed tomography (CT), 
and in surgical techniques have determined an 
increase in the request of less invasive treatment 
approaches. Currently, laparoscopy and robotic 
surgery approach are preferred over laparotomy 
in the large majority of cases, and a recent publi-
cation by the Gynecologic Oncology Group 
(GOG), the LAP2 study, has shown that laparos-
copy provides equivalent results in terms of dis-
ease-free survival and overall survival, compared 
with laparotomy, with the advantage of shorter 
hospital stay, less use of painkillers, lower rate of 
complications, and improved quality of life [ 24 ]. 
Moreover, despite the surgical approach, nowa-
days the extent of surgery must also be modu-
lated according to histological data and to 
preoperative staging fi ndings; for example, 
lymphadenectomy, which is burdened by signifi -
cant complication rates and postoperative mor-
bidity, has shown no benefi ts in terms of survival 

and recurrence-free rates in patients affected by 
low-risk (grade 1, stage    IA) EC [ 26 – 28 ], whereas 
it remains crucial for improving the prognosis in 
high-risk patients [ 29 – 31 ]. 

 Adjuvant chemotherapy is usually  administered 
to all patients affected by non-endometrioid- type 
EC or by endometrioid-type G2–G3 ones and to 
patients affected by FIGO stage II to IV neo-
plasms. Patients affected by surgically unresect-
able EC and patients showing absolute clinical 
contraindications to surgery may benefi t from 
radiation therapy in order to reduce bleeding risk; 
however, maximal surgical debulking should be 
performed also in case of unresectable neoplasms 
in order to increase life expectancy. In case of 
hemorrhage, uterine artery embolization may be 
useful for reducing and/or stopping blood loss. 

 Therefore, in the era of individualized treat-
ments, an accurate preoperative staging is crucial 
in order to tailor the best surgical approach for 
each patient. Many imaging modalities are actu-
ally available for locoregional staging of endo-
metrial carcinoma, but magnetic resonance 
imaging must be considered the imaging modal-
ity of choice, thanks to its panoramicity, high tis-
sue contrast resolution, and reproducibility 
[ 32 – 36 ].  

2.8     The Role of MRI 
in Endometrial Carcinoma 

 MRI is not indicated for diagnosing endometrial 
carcinoma; indeed, although recent studies have 
demonstrated that apparent diffusion coeffi cient 
(ADC) values can reliably differentiate benign 
from malignant endometrial lesions [ 37 ,  38 ], 
hysteroscopy with endometrial biopsy remains 
the gold standard for this aim. On the other hand, 
nowadays MRI plays a well-defi ned role in the 
preoperative workup of patients with histologi-
cally proven EC [ 31 ,  39 – 43 ]. 

 The main aims of preoperative MRI staging of 
endometrial carcinoma are the assessment of “T” 
stage (i.e., the quantifi cation of the depth of myo-
metrial infi ltration, the identifi cation of cervical 
stromal infi ltration, and the assessment of extrauter-
ine spread) and the defi nition of “N” stage 
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(i.e., the identifi cation of nodal metastases). MRI 
offers an overall high accuracy (81–92 %) [ 43 ,  44 ] 
in the defi nition of the “T” stage of endometrial car-
cinoma, which is signifi cantly higher in comparison 
to CT, PET/CT, and transvaginal ultrasound [ 33 – 35 , 
 45 – 48 ], but still lower than intraoperative patho-
logical evaluation of frozen sections [ 49 ,  50 ]. 
Recent works report a high accuracy of MRI 
(89–97 %) [ 51 ,  52 ] also in the evaluation of the “N” 
stage of endometrial carcinoma.    Such promising 
results, however, must be critically evaluated 
because of the infl uence of low pretest probability 
of nodal metastases in endometrial carcinoma 
(about 20 %). Indeed, the sensitivity of MRI in 
identifying nodal metastases, as reported in the 
same abovementioned studies, ranges from 55 to 
67 %. However, despite the unsatisfactory sensitiv-
ity of MRI in directly recognizing nodal metastases, 
the MRI information about the “T” stage and, in 
particular, about the depth of myometrial infi ltration 
and the presence of cervical stromal infi ltration, in 
association with pathologic information about the 
tumor type and grade, enables to confi dently predict 
the risk of nodal metastases, subdividing endome-
trial carcinoma into three groups (low, intermediate, 
and high risk) (Table  2.2 ) with consequent thera-
peutic implications [ 30 ,  36 ,  40 ].

   The secondary aims of preoperative MRI in 
EC are the evaluation of pelvic anatomy and the 
recognition of eventual pelvic comorbidities; the 
latter information, in particular, can be extremely 
helpful for a correct surgical planning. For exam-
ple, the identifi cation of coexistent large pelvic 
masses (Fig.  2.3 ) or of voluminous uterine fi bro-
mas might advise against a laparoscopic or trans-
vaginal approach.

   Nowadays, an extremely important means that 
enables to increase the quality of MRI staging of 

endometrial carcinoma and to improve diagnos-
tic skills is the institution of radiological-surgical- 
pathological-oncological tumor boards in which 
each case can be preoperatively collegially dis-
cussed and postoperative feedbacks can be 
obtained.  

2.9     Technical Requirements 

 MRI of the uterus must be performed on high 
fi eld magnets (1.5 T or more) using multichannel 
(four or more channels) phased array body coils, 

   Table 2.2    Risk stratifi cation for the presence of nodal metastases and for recurrence of endometrial carcinoma (EC), 
according to MRI and pathology data   

 MRI stage  Histological type  Histological grade 

 Low-risk EC  T1a  Type 1  G1–G2 
 Intermediate-risk EC  T1a  Type 1  G3 
 Intermediate-risk EC  T1b  Type 1  G1–G2 
 High-risk EC  T1b  Type 1  G3 
 High-risk EC  T≥2  Type 1     G1–G2–G3 
 High-risk EC  Every T  Type 2  G3 

  Fig. 2.3    Incidental MRI fi ndings. Sagittal TSE 
T2-weighted image (TR/TE 2,400/76 ms) showing an 
endometrial carcinoma with polypoid appearance ( EC ). 
Dorsally to the uterus, in the presacral region, a large 
rounded T2-hypointense mass ( arrow ) is clearly recogniz-
able. In this case, because of the coexistence of the pre 
sacral mass, laparotomy has been preferred to a laparos-
copy. At pathology the presacral mass has been classifi ed 
as a solitary fi brous tumor of the mesorectum       
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in order to warrant an adequate signal-to-noise 
ratio. Recent studies have demonstrated that 3 T 
magnets do not increase MRI accuracy in staging 
endometrial carcinoma in comparison with 1.5 T 
ones [ 53 ,  54 ]. Moreover, the use of endorectal or 
endovaginal coils is not indicated because of 
their lower panoramicity in comparison with 
body coils [ 54 ]. 

 The patient must fast at least 4–6 h before the 
examination, and 20 mg of hyoscine butylbro-
mide should be intramuscularly administered 
5 min before the patients enters the scanning 
room; alternatively, if hyoscine butylbromide is 
contraindicated, 5 mg of glucagon may be intra-
venously administered just before the beginning 
of the examination, but its effect might not last 
for the entire examination time. 

 An adequate bladder fi lling is essential in 
order to obtain high-quality images: in fact, a 
completely void bladder produces a bundling of 
the pelvic structures, thereby increasing the dif-
fi culties in recognizing the physiological cleav-
age planes, whereas an overfi lled bladder 
stimulates bowel peristalsis, therefore increasing 
motion artifacts, and reduces the quality of 
T2-weighted and diffusion-weighted images. 
Intermediate bladder repletion may be obtained 
by suggesting the patient to void about 60 min 
before the examination and to hold urine from 
that time on. 

 The patient is usually positioned supine on the 
MR table with the arms lying down along her 
body, but prone position can be also considered in 
claustrophobic patients.    MRI sequences for the 

study of the uterus can be acquired in free 
 breathing, but the patient must be accurately 
instructed to maintain regular superfi cial breathing 
during the whole examination time, reducing the 
movements of the abdomen as much as possible. 

 MRI sequences are usually acquired using 
anteroposterior phase encoding, in case of sagit-
tal images, and using laterolateral phase encod-
ing in case of axial and coronal images. The 
placement of a presaturation bar over the anterior 
abdominal wall signifi cantly increases image 
quality by reducing breathing-related motion 
artifacts. In order to further reduce abdominal 
wall motion artifacts, sagittal images may be 
acquired using a feet to head phase codifi cation, 
with 100 % phase oversampling (50 % cranial 
and 50 % caudal to the region of interest).  

2.10     MRI Protocol 

 Our suggested MRI protocol for the study of 
endometrial carcinoma is presented in Table  2.3  
and is based on T2-weighted sequences, 
diffusion- weighted sequences, and pre- and post- 
contrast T1-weighted sequences.

   First of all, large fi eld of view (350 × 350 mm) 
TSE T1-weighted images must be acquired, 
according to the axial plane, from femoral heads 
to renal hila; these images play a fundamental 
role in the identifi cation of enlarged lymph nodes, 
in the evaluation of the interface between the 
uterus and periuterine fat, and as a roadmap for 
the precise positioning of subsequent sequences. 

   Table 2.3    Suggested MRI protocol for the study of endometrial carcinoma   

 Pulse sequence  Orientation  Region  TR/TE (ms)  Fov (mm)  Voxel size (mm) 

 TSE T1 weighted  Axial  Abdomen  730/10  350 × 260  5 × 1 × 1 
 FS TSE T2 
weighted 

 Axial  Abdomen  7,700/83  400 × 400  5 × 1 × 1 

 TSE T2 weighted  Sagittal, axial, 
coronal 

 Uterus  2,400/76  230 × 230  4 × 0.5 × 0.7 

 EPI diffusion 
weighted ( b  = 0, 
500, 1,000) 

 Sagittal, axial, 
coronal 

 Uterus  3,100/98  250 × 250  5 × 2 × 2 

 CE TSE T1 
weighted 

 Sagittal, axial, 
coronal 

 Uterus  660/9.5  250 × 250  4 × 0.8 × 0.9 

   Fov  fi eld of view,  TSE  turbo spin echo,  FS  fat saturated,  EPI  echo planar imaging,  CE  contrast enhanced  
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On the other hand, native T1-weighted images 
are not able to differentiate the different uterine 
structures, and also endometrial carcinoma, 
because of their low intrinsic tissue contrast reso-
lution. Optionally or in addition to the above-
mentioned TSE T1-weighted images, the 
acquisition of large fi eld of view axial fat- 
saturated T2-weighted RARE (rapid acquisition 
with relaxation enhancement) images, even from 
femoral heads to renal hila, may increase the 
accuracy of MRI in identifying retroperitoneal 
enlarged lymph nodes; in fact, the long repetition 
time of these sequences generates a “fl ow void” 
artifact into the lumen of blood vessels that there-
fore appear hypointense and thus can be easily 
differentiated from lymph nodes, which show an 
intermediate signal intensity/hyperintensity on 
these sequences and show up within the hypoin-
tense “saturated” abdominal fat. 

 All subsequent imaging sequences must be 
acquired using small fi elds of view (about 
250 × 250 mm, depending on the patient’s size) 
and large matrix, in order to warrant a high 
spatial resolution, according to the three 
orthogonal planes (parasagittal, para-coronal, 

and para- axial) of    longest endometrial axis 
(Fig.  2.4a, b ).

   TSE T2-weighted images play a central role in 
staging endometrial carcinoma because of their 
high soft tissue contrast resolution in association 
with their high spatial resolution that warrants an 
excellent anatomical detail. On TSE T2-weighted 
images, the physiological uterine wall stratifi ca-
tion (the endometrium, the myometrium with the 
junctional zone, and the serosa), the cervical 
structures (mucosa and stroma), the vagina, and 
adjacent organs and structures are clearly recog-
nizable, and it is possible to carefully differentiate 
endometrial carcinoma from the abovementioned 
structures. Therefore, TSE T2-weighted images 
are crucial for local staging of EC. 

 Contrast-enhanced (CE) TSE T1-weighted 
images must be acquired after i.v. administration 
of    0.05–0.1 mmol/Kg of gadolinium chelates. 
They are extremely useful for local staging of 
neoplasms that appear isointense in comparison 
to adjacent structures on T2-weighted images and 
in elderly women, in which the disappearance of 
junctional zone reduces the signal-to- noise ratio 
between the neoplasm and the myometrium. 

a b

  Fig. 2.4    ( a ,  b ) MR scanning plans for the study of the 
endometrium. The  yellow lines  on these sagittal TSE 
T2-weighted images (TR/TE 2,400/76 ms) show the cor-
rect orientation of uterine scanning plans. In order to 
avoid possible staging errors, MRI scanning planes must 

be always orientated orthogonal to the endometrial longer 
axis, on the sagittal, axial, and coronal planes, despite the 
uterine position, like in these two cases representing both 
an anterofl exed ( a ) and a retrofl exed ( b ) uterus       
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    Diffusion-weighted images are collecting 
increasing consensuses for MRI staging of endo-
metrial carcinoma; indeed, technical develop-
ments have made it possible to obtain high-b-value 
diffusion-weighted images with an adequate spa-
tial resolution in short acquisition times. 
Diffusion-weighted images are extremely useful 
for identifying small endometrial carcinomas, 
which may be often barely recognizable on con-
ventional MRI sequences, and for quantifying the 
depth of myometrial infi ltration; indeed, their 
high sensitivity in identifying hypercellular tis-
sues is useful for the recognition of small neoplas-
tic spicule within the myometrial layer.  

2.11     Normal Uterine Anatomy 

 As mentioned before, uterine anatomy is best 
depicted on TSE T2-weighted images (Fig.  2.5a, b ). 
In premenopausal women (Fig.  2.5a ), the uterine 

wall shows four well-defi ned different layers on 
T2-weighted MR images that reduce to three 
with progressive aging (Fig.  2.5b ). Going from 
the center to the periphery, the innermost layer is 
constituted by the endometrium, which shows 
high signal intensity on T2-weighted images and 
presents a physiologic thickness variable from 1 
to 7 mm, according to the patient’s age and phase 
of the menstrual cycle. The following layer is the 
so-called junctional zone, or intermediate layer. 
The junctional zone appears hypointense on 
T2-weighted images and is constituted by the 
innermost portion of the myometrium; it has not 
a precise correspondence on pathological speci-
mens, and its MRI differentiation from the outer 
portion of the myometrium is due to its relatively 
lower water content. In postmenopausal age the 
junctional zone shows a progressive increase in 
its water content, and, consequently, its signal 
intensity on T2-weighted images becomes sub-
stantially isointense to the outer portion of the 

a b

  Fig. 2.5    ( a ,  b ) Pre- and postmenopausal uterus. Sagittal 
TSE T2-weighted images (TR/TE 2,400/76 ms) demon-
strating uterine anatomy in a premenopausal ( a ) and in a 
postmenopausal ( b ) woman. The hyperintense endome-
trium ( star ) shows a physiological thickness in case “a”, 
whereas it appears pathologically thickened (23 mm) in 
case “b” as a consequence of the presence of an endome-
trial neoplasm ( EC ). The overall myometrial thickness is 
highlighted with a white line and is normal in both cases; 
in premenopausal women (case “a”) the hypointense 
 junctional zone (white  arrowheads ) can be clearly 

 differentiated from the outer myometrial portion, whereas 
in postmenopausal women (case “b”) this distinction 
 disappears. The thin hypointense rim delimitating the 
uterus from periuterine fat ( black arrows ) represents the 
serosa. Cervical stroma is also well recognizable and 
appears as a thin, markedly hypointense rim ( white 
arrows ); cervical stroma prosecutes directly with the 
junctional zone in premenopausal women (case “a”). 
Urinary bladder ( B ) and rectum ( R ) are clearly recogniz-
able and also the fatty cleavage planes between these 
structures and the uterus       
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myometrium [ 42 ]. The outer layer of the 
 myometrium shows intermediate signal intensity 
on T2-weighted images, both on pre- and post-
menopausal women. The overall myometrial 
thickness is usually between 14 and 21 mm and 
shows a progressive reduction with patient’s 
aging; it is crucial to remember that the myome-
trium becomes progressively thinner approach-
ing the tubaric angles. The outermost layer of the 
uterine wall that can sometimes be barely recog-
nizable appears as a thin T2-hypointense line and 
is constituted by the uterine serosa. Cervical 
structures are also well depicted on T2-weighted 
images. Cervical mucosa shows the same signal 
intensity of the endometrium, but appears thin-
ner, whereas cervical stroma appears markedly 
hypointense on T2-weighted images.

   On native T1-weighted images, uterine 
 stratifi cation cannot be appreciated because the 
endometrium and myometrium show similar T1 
relaxation times (Fig.  2.6a ), but after i.v. 
 administration of gadolinium chelates the 

 above- described four uterine layers can be 
 differentiated thanks to their different contrast 
material uptake (Fig.  2.6b ). The enhancement 
dynamic differs according to the menstrual 
period, and three main enhancement patterns can 
be found: postmenopausal women and women in 
the proliferative phase of their menstrual cycle 
show a rapid sub- endometrial enhancement fol-
lowed by a complete myometrial enhancement, 
women in the secretive phase of their menstrual 
cycle show a vivid enhancement of the junctional 
layer followed by a complete myometrial 
enhancement, while women in their menstrual 
period show a diffuse and homogeneous endome-
trial enhancement. Uterine serosa is usually not 
recognizable on post-contrast T1-weighted 
images, whereas it is clearly appreciable on pre-
contrast ones. Cervical stroma is also recogniz-
able on post- contrast images only and is 
represented by a hypointense ring, whereas cervi-
cal mucosa shows an enhancement pattern analo-
gous to the endometrium.

a b

  Fig. 2.6    ( a ,  b ) Uterine anatomy on T1-weighted images. 
Pre-contrast sagittal TSE T1-weighted image (TR/TE 
730/10 ms) ( a ) doesn’t clearly display uterine stratifi ca-
tion, but the interface between uterus and abdominal fat, 
represented by the thin hypointense serosa ( white arrows ), 
is well delimitable. Some focal hyperintense spots ( white 
arrowheads ) can be highlighted within uterine wall on the 
pre-contrast T1-weighted image, representing adenomyo-
sis foci. After i.v. administration of gadolinium chelates, 

fat-saturated TSE T1-weighted image (TR/TE 660/9.5 ms) 
( b ) clearly depicts uterine anatomy. In this case of a post-
menopausal woman, the endometrium ( black arrowheads ) 
shows an early and uniform enhancement and can be dif-
ferentiated both from the myometrium, showing a delayed 
and more heterogeneous enhancement ( black lines ), and 
from the endoluminal neoplasm ( EC ) that appears hypo-
vascular compared to the adjacent structures. Cervical 
stroma ( black arrows ) appears as a hypointense ring       
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   On diffusion-weighted images (Fig.  2.7a ) 
uterine stratifi cation is not precisely recogniz-
able, but anyway the endometrium can be clearly 
differentiated from the myometrium thanks to its 
lower signal intensity; moreover, the junctional 
zone may sometimes appear slightly hyperin-
tense compared to the outer myometrium. 
Conversely, on ADC maps (Fig.  2.7b ) the endo-
metrium appears hyperintense and is surrounded 
by the hypointense junctional zone, which shows 
lower signal intensity even if compared with the 
outer myometrial portion. Cervical stroma 
appears hypointense both on diffusion-weighted 
images and on ADC maps.

   On parasagittal images (Fig.  2.5a ) the uterus is 
sectioned along its longest axis and uterine strati-
fi cation can be recognized; they are extremely 
useful because adjacent organs, in particular the 
urinary bladder (B) and rectum (R), are always 
included in the scanning plan, and the evaluation 
of the physiological cleavage fat plans in vesico-
uterine and rectouterine pouches is therefore 
made possible. On the other hand, para-axial 
images (Fig.  2.8a ) are the most accurate for pre-
cisely showing uterine stratifi cation and for 

 evaluating the relations between EC and the 
 uterine wall. Finally, the main advantage of 
 para-coronal images (Fig.  2.8b ) resides in the 
possibility of correctly evaluating tubaric angles.

2.12        MRI Appearance 
of Endometrial Carcinoma 

 Endometrial carcinoma may show two main 
growth patterns. Type 1 (endometrioid) EC often 
shows a prevalently exophytic endoluminal “pol-
ypoid” growth with only a subsequent myome-
trial involvement characterized by a broad front 
of infi ltration, whereas type 2 (non- endometrioid) 
EC usually shows a mainly infi ltrative growth 
pattern ab initio. 

 On T2-weghted images endometrial carci-
noma appears hyperintense compared to the adja-
cent junctional zone and to the myometrium and 
hypointense compared to the physiological endo-
metrium in the majority of the cases [ 55 ] 
(Fig.  2.9a ); however, lesions iso- or hypointense 
compared to the junctional zone and the myome-
trium may also be found. In our recent  experience 

a b

  Fig. 2.7    ( a ,  b ) Uterine anatomy on diffusion-weighted 
imaging. Sagittal diffusion-weighted image (DWI) (TR/
TE 3,100/98 ms,  b  = 1,000 s/mm 2 ) ( a ) and    corresponding 
apparent diffusion coeffi cient (ADC) map ( b ) are dis-
played. Endometrium ( star ) appears hypointense on DWI 
and hyperintense on ADC, compared to the myometrium 

( white lines ). Within the myometrium, junctional zone 
( white arrowheads ) appears hyperintense on DWI and 
hypointense an ADC, compared to the outer myometrial 
portions. Cervical stroma appears markedly hypointense 
both on DWI and on ADC, and the serosa cannot be visu-
alized nor on DWI or on ADC maps       
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a b

  Fig. 2.8    ( a ,  b ) Uterine    anatomy    on T2-weighted images. 
Uterine axial TSE T2-weighted image (TR/TE 
2,400/76 ms) ( a ) exactly depicts uterine stratifi cation in 
this premenopausal woman. The endometrium ( star ) 
appears hyperintense, the junctional zone ( white arrow-
heads ) appears markedly hypointense, the outer myome-
trium shows intermediate signal intensity, and the serosa 
is recognizable as a thin hypointense rim ( white arrows ). 
The same fi ndings can be highlighted on uterine coronal 
TSE T2-weighted image (TR/TE 2,400/76 ms) ( b ); inci-

dentally, an axial scan of  cervical channel is included in 
this image: notice the marked hypointensity of the cervi-
cal stromal ring ( black arrows ). An important fi nding on 
coronal images ( c ) is that the physiological myometrial 
thickness at tubaric angles ( white lines ) is lower compared 
to the other uterine portions; this must be kept in mind 
when staging neoplasms involving tubaric angles. The 
urinary bladder ( B ), ovaries ( O ), and rectum ( R ) are also 
recognizable in these images       

  Fig. 2.9    ( a – e ) Typical MRI features of endometrial 
 carcinoma. Typically, endometrial carcinoma ( EC ) appears 
slightly hyperintense compared to the adjacent myome-
trium on T2-weighted images (TR/TE 2,400/76 ms) ( a ). On 
native T1-weighted images (TR/TE 730/10 ms) ( b ) endo-
metrial carcinoma is not distinguishable from the normal 
uterine structures, whereas on post-contrast T1-weighted 

images (TR/TE 660/9.5 ms) ( c ) it appears hypointense 
compared to the adjacent myometrium. On diffusion-
weighted images (TR/TE 3,100/98 ms,  b  = 1,000 s/mm 2 ) 
( d ) endometrial carcinoma appears hyperintense compared 
to the adjacent myometrium, whereas on the relative appar-
ent diffusion coeffi cient (ADC) map ( e ) it appears hypoin-
tense as a consequence of true diffusion restriction         

a b
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regarding 56 consecutive cases of endometrial 
carcinoma, the neoplasms appeared hyperintense 
compared to the junctional zone and to the myo-
metrium on T2-weighted images in 86 % of the 
cases, isointense in 10 %, and hypointense in 
4 %. In case of no macroscopic visible lesions in 
the setting of a histologically proven endometrial 
carcinoma, the fi nding of an irregularly thickened 
endometrium can be referred to as an indirect 
sign of the presence of the neoplasm.

   On native T1-weighted images endometrial 
 carcinoma is not recognizable because it appears 
isointense to the adjacent physiological 

 endometrium and to the myometrium (Fig.  2.9b ), 
but on post-contrast T1-weighted images the neo-
plasm becomes hypointense compared to the phys-
iological endometrium and to the myometrium 
(Fig.  2.9c ). The highest contrast-to-noise ratio 
between the neoplasm and the myometrium is 
reached about 3 min after contrast material injec-
tion, when the myometrium appears uniformly 
hyperintense, whereas post-contrast T1-weighted 
images acquired earlier might obscure the neo-
plasm and be the cause of false-negative fi ndings. 

 On diffusion-weighted images, endometrial 
carcinoma appears hyperintense compared to 

e

c d

Fig. 2.9 (continued)
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both the physiological endometrium and the 
myometrium (Fig.  2.9d ) as a consequence of its 
high cellularity that reduces the Brownian 
motions of water molecules. The highest signal-
to- noise ratio between the neoplasm and myome-
trium is reached on high-b-value images 
( b  = 500–1,000 s/mm 2 ), when the infl uence of the 
T2-relaxation time virtually disappears. The 
hyperintensity on diffusion-weighted images cor-
responds to a hypointensity on ADC maps 
(Fig.  2.9e ), indicating a true diffusion restriction 
instead of a T2 shine-through artifact.  

2.13     MRI Staging of Endometrial 
Carcinoma 

 MRI staging of endometrial carcinoma refers to the 
2009 FIGO classifi cation (Table  2.1 ), which subdi-
vides the neoplasm into four main stages with a 
total of nine substages. In order to perform a com-
plete locoregional MRI staging, four main imaging 
parameters must be sequentially evaluated. 

2.13.1     Depth of Myometrial 
Infi ltration 

 The depth of myometrial infi ltration is the fi rst 
parameter that must be evaluated when staging 
endometrial carcinoma. The 2009 FIGO endome-
trial carcinoma staging system differentiates neo-
plasms with an infi ltration of less than 50 % of 
myometrial thickness (stage IA) from the ones with 
an infi ltration of more than 50 % of it (stage IB). 

 Magnetic resonance imaging accuracy in dif-
ferentiating stage IA from stage IB tumors ranges 
from 66 to 88 %, according to different series [ 7 , 
 32 ,  52 ,  56 – 58 ], with possible errors mainly in the 
sense of an overstaging.    A fundamental assump-
tion in order to correctly evaluate the depth of 
myometrial infi ltration is the availability of tech-
nically correct performed examinations, with 
imaging sequences accurately orientated accord-
ing to endometrial longer axis. 

 The quantifi cation of the depth of myometrial 
infi ltration can be typically performed both on 
T2-weighted images and on contrast-enhanced 

T1-weighted images, with an overall slightly 
higher accuracy for the second compared to the 
fi rst ones [ 59 ]; recent evidences, however, are 
showing that high-spatial-resolution diffusion- 
weighted images, in association with TSE 
T2-weighted images, might warrant even a higher 
accuracy for this aim [ 60 ].    As a matter of fact, the 
evaluation of the depth of myometrial infi ltration 
should be performed on the images that offer the 
highest signal-to-noise ratio in the single case in 
exam; for example, in relatively young patients, 
when the junctional zone is still recognizable, 
T2-weighted images usually offer the highest 
accuracy for evaluation of the depth of myome-
trial infi ltration. 

 First of all sagittal images should be evaluated 
in order to understand the neoplasm’s location 
and shape; the depth of myometrial infi ltration 
can also be calculated on sagittal images, but, 
usually, axial images warrant a higher accuracy. 
The percentage of myometrial infi ltration can be 
easily calculated (Fig.  2.10 ) by subtracting the 

  Fig. 2.10    Quantifi cation of the depth of myometrial infi l-
tration. The percentage of myometrial infi ltration can be 
calculated by dividing the disease-free myometrial thick-
ness ( white line ) in the site of uterine wall involved by 
endometrial carcinoma ( EC ) for the physiological myo-
metrial thickness in an analogue uninvolved position ( yel-
low line ) and by multiplying the obtained value by 100. 
On this axial TSE T2-weighted image (TR/TE 
2,400/76 ms), the calculated percentage of myometrial 
infi ltration is about 30 % (<50 %, stage Ia)       
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minimal thickness of uninvolved myometrium in 
the site of the neoplasm from the overall thick-
ness of normal myometrium, measured in an ana-
logue uninvolved position (i.e., if the neoplasm 
involves the ventral uterine wall, the normal 
myometrium thickness should be measured in the 
dorsal uterine wall, whereas if the neoplasm 
involves the right tubaric angle, the normal myo-
metrium thickness should be measured in the 
contralateral tubaric angle); the minimal thick-
ness of uninvolved myometrium must be divided 
for the thickness of normal myometrium and 
   multiplied by 100. Endometrial carcinoma is 
classifi ed as T1a if it infi ltrates less than 50 % of 
myometrial thickness (Figs.  2.11a  and  2.12a, b ) 
and as T1b if it infi ltrates more than 50 % of 
myometrial thickness (Figs.  2.11b  and  2.12c, d ). 
It is important to keep in mind that endometrial 
carcinoma may cause compressive alterations on 
the involved uterine wall, particularly in case of 
large polypoid lesions, reducing therefore the 
physiological uterine wall thickness; in patients 
in which the junctional zone is still recognizable, 
the absence of a complete interruption of the 
junctional zone by the tumor is always associated 

with a myometrial infi ltration of less than 50 % 
(Fig.  2.13 ).

2.13.2           Cervical Stromal Infi ltration 

 The relation between the neoplasm and cervical 
stroma is the second parameter that must be accu-
rately evaluated when staging endometrial carci-
noma. Despite the older ones, in the new 2009 
FIGO guidelines the presence of cervical mucosa 
infi ltration, which may also be a consequence of 
seeding after endometrial biopsy, does not infl u-
ence the staging of EC, whereas a neoplasm 
showing cervical stromal infi ltration is classifi ed 
as stage II. 

 The accuracy of MRI in diagnosing cervical 
stromal infi ltration ranges from 82 to 97 %, 
according to different series [ 7 ,  32 ,  44 ,  45 ], with 
possible errors mainly in the sense of an 
understaging. 

 T2-weighted images, thanks to their high ana-
tomical detail, are the most accurate for evaluat-
ing the presence of cervical stroma infi ltration. If 
EC reaches the hypointense stromal ring causing 

a b

  Fig. 2.11    ( a ,  b ) Stage Ia vs. stage IB endometrial 
Carcinoma on TSE sagittal eT2-weighted images (TR/TE 
2,400/76 ms). ( a ) Shows an endometrial carcinoma ( EC ) 
infi ltrating the myometrium for less than 50 % of its thick-
ness ( white line ) (stage Ia), whereas ( b ) shows an endo-

metrial  carcinoma ( EC ) infi ltrating the myometrium for 
more than 50 % of its thickness ( white line ) (stage IB). In 
both cases the hypointense serosa lining the uterus is 
clearly recognizable, excluding extrauterine spread       
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an alteration in its physiologic hypointensity 
(Fig.  2.14a ) and/or a complete interruption, the 
presence of infi ltration must be strongly sus-
pected;    in these cases further T2-weighted axial 
images, orientated according cervical channel 
longest axis, should be acquired in order to con-
fi rm the fi nding (Fig.  2.14b ).    It is important to 
notice that cervical stroma infi ltration may be 
also present in case of extremely small tumors, 

even infi ltrating less than 50 % of myometrial 
thickness, if they originate in the adjacency of 
uterine neck (Fig.  2.15 ).

2.13.3         Extrauterine Growth 

 Once the entity of intrauterine (myometrial and 
cervical) spread of the endometrial carcinoma is 

a b

c d

  Fig. 2.12    ( a–d ) Stage Ia vs. stage Ib endometrial carci-
noma on DW images (TR/TE 3,100/98 ms, b = 1,000 
s/mm2) and ADC maps. Endometrial carcinoma ( EC ) is 
clearly recognizable as a hyperintense lesion on DW 
images ( a ,  c ) with a corresponding hypointensity on ADC 

maps ( b ,  d ). ( a ,  b ) show a neoplasm infi ltrating less than 
50 % of myometrial thickness (stage Ia), whereas ( c ,  d )
show a neoplasm infi ltrating more than 50 % of myome-
trial thickness ( arrow ) (stage Ib)       
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  Fig. 2.13    Risk of overstaging the depth of myometrial 
infi ltration. On this axial TSE T2-weighted image (TR/TE 
2,400/76 ms), a large polypoid endometrial carcinoma 
( EC ) is clearly appreciable. The calculated percentage of 
myometrial infi ltration exceeds 50 %, but it is important 
to notice that the junctional zone shows no interruptions in 
the site involved by the neoplasm. Therefore, the >50 % 
reduction of myometrial thickness in that site must be 
considered a consequence of compression and not of infi l-
tration by the neoplasm. In such conditions the neoplasm 
must be classifi ed as MRI stage Ia, despite the measured 
values of myometrial infi ltration       

a b

  Fig. 2.14    ( a ,  b ) Cervical stromal infi ltration (stage II). 
Sagittal TSE T2-weighted image (TR/TE 2,400/76 ms) 
( a ) shows a large endometrial carcinoma (EC), infi ltrat-
ing more than 50 % of myometrial thickness, which 
reaches the cervical structures ( arrows ) and interrupts 
the physiological hypointensity of cervical stroma 

( arrows ). Axial TSE T2-weighted image (TR/TE 
2,400/76 ms) ( b ) acquired according to the main axis of 
cervical channel confi rms the fi nding by showing a com-
plete interruption ( arrows ) of the physiologically 
hypointense of cervical stroma ring ( star ). The neoplasm 
must be classifi ed as stage II       

  Fig. 2.15    Cervical stromal infi ltration (stage II) in a 
small endometrial carcinoma. Sagittal TSE T2-weighted 
image (TR/TE 2,400/76 ms) shows a small endometrial 
carcinoma ( EC ) infi ltrating less than 50 % of myometrial 
thickness.    Although it has small dimensions, the neo-
plasm reaches the cervical structures ( arrow ) causing a 
focal signal intensity alteration in the physiologically 
hypointense cervical stroma ( stars ). The neoplasm must 
be classifi ed as stage II       

 

 

 

M. Bonatti et al.



37

assessed, extrauterine spread must be evaluated. 
Nowadays the fi nding of an extrauterine spread-
ing EC is an extremely rare eventuality in devel-
oped countries. The fi nding of extrauterine spread 
classifi es the neoplasm as stage III or IV, accord-
ing to the 2009 FIGO staging system; in particu-
lar, neoplasms infi ltrating the serosa uteri and/or 
spreading to the adnexa are classifi ed as stage 
IIIA, neoplasms infi ltrating the vagina or the 
parametria are classifi ed as stage IIIB, while neo-
plasms infi ltrating adjacent pelvic organs, in par-
ticular the bladder and the rectum, are classifi ed 
as stage IVA. 

 Given the rarity of extrauterine spread of 
endometrial carcinomas in the magnetic reso-
nance era, no data can be found in the literature 
about the accuracy of MRI in diagnosing it. 

 The evaluation of extrauterine spread is 
usually performed on the highly anatomical 
TSE T2-weighted images, on different planes 
according to the involved organs and struc-
tures. Diffusion-weighted and post-contrast 
T1-weighted images may be useful, in addition 
to T2-weighted images, in order to increase diag-
nostic confi dence. In particular, DWI may help in 
distinguishing neoplastic infi ltration from peritu-
moral edema. 

 Serosa uteri infi ltration (Fig.  2.16a, b ) is best 
highlighted on TSE T2-weighted images, on 

sagittal, axial, or coronal plane according to 
 neoplasm location. The fi rst sign of infi ltration 
is represented by the absence of a cleavage 
plane between the hyperintense neoplastic tis-
sue and the hypointense serosa; the subsequent 
step is represented by an alteration in the serosa 
signal intensity, which becomes progressively 
hyperintense, whereas if the infi ltration 
becomes more extended, a complete interrup-
tion of the abovementioned hypointense line 
becomes appreciable, with subsequent infi ltra-
tion of the T2-hyperintense periuterine fat 
responsible of a spiculated uterine-periuterine 
interface.

   Ovaries are usually involved by endometrial 
carcinoma as a consequence of trans-tubaric 
seeding, but they may also be reached because of 
hematogenous seeding. Trans-tubaric adnexal 
involvement should be strongly suspected if a 
patient affected by an endometrial carcinoma 
involving one of the tubaric angles shows the 
presence of an ipsilateral expansive adnexal mass 
(Fig.  2.17a, b );    MRI, however, cannot warrant a 
differential diagnosis between adnexal involve-
ment by endometrial carcinoma and primitive 
solid adnexal neoplasm.

   The presence of vaginal infi ltration represents 
an extremely rare eventuality and can be usually 
best highlighted on sagittal TSE T2-weighted 

a b

  Fig. 2.16    ( a ,  b ) Serosa infi ltration (stage IIIA). Sagittal 
TSE T2-weighted image (TR/TE 2,400/76 ms) ( a ) shows 
a large endometrial carcinoma ( EC ) diffusely infi ltrating 
the myometrium; of the uterine fundus and determining a 

focal interruption of the hypointense serosa ( arrow ) repre-
senting an indirect sign of infi ltration. Sagittal diffusion- 
weighted image ( b  = 1,000 s/mm 2 ) confi rms the neoplastic 
nature if the signal intensity alteration ( arrow )       
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images; the caudal growth of endometrial 
 carcinoma that usually appears hyperintense 
compared to the adjacent structures progressively 
obliterates vaginal fornices and produces a thick-
ening of vaginal walls, which therefore lose their 
physiological hypointensity. Diffusion-weighted 
images may increase the confi dence in diagnos-
ing vaginal infi ltration by showing the presence 
of hyperintense neoplastic tissue within the thick-
ened vaginal walls. 

 Parametrial infi ltration also represents an 
extremely rare event and can be best evaluated on 
the coronal and the axial TSE T2-weighted 
images in which the neoplastic tissue appears 
relatively hypointense compared to the hyperin-
tense parametrial fatty tissue. Differently from 
cervical carcinoma, endometrial carcinoma 
shows parametrial infi ltration only in anecdotic 
extremely advanced cases. 

 The most advanced stage of local extrauterine 
growth is represented by the involvement of adja-
cent anatomical structures, in particular the blad-
der and the rectum (stage IVA). Sagittal TSE 

T2-weighted images are usually the most  accurate 
for the detection of bladder and/or rectum infi l-
tration by showing a complete loss of the fatty 
cleavage plane between the neoplastic tissue and 
the adjacent organ and a concomitant wall thick-
ening. Axial TSE T2-weighted images might be 
useful for confi rming the fi nding, but in case of 
doubt, the repetition of the same MRI sequences 
after the patient emptied his/her bladder and/or 
rectum may increase the confi dence in the 
diagnosis.  

2.13.4     Nodal Involvement 

 After the evaluation of the “T” stage, the “N” 
stage must also be considered. The presence of 
endoabdominal nodal metastases classifi es the 
neoplasm as stage IIIC, which is further subdi-
vided into stage IIIC1, in case of pelvic nodal 
involvement only, and stage IIIC2, in case of 
para-aortic lymph node involvement, indepen-
dently to the pelvic nodal status. On the other 

a b

  Fig. 2.17    ( a ,  b ) Adnexal involvement (stage IIIA). 
Sagittal TSE T2-wieghted image (TR/TE 2,400/76 ms) 
( a ) shows an endometrial carcinoma ( EC ) extending to the 
left tubaric angle ( arrow ); in that site the neoplasm infi l-
trates the myometrium for more than 50 %. Posteriorly to 
the uterus a large inhomogeneous expansive mass ( star ) 
with a wide zone of hyperintensity on T2-weighted 
images is clearly recognizable. Post-contrast fat-saturated 

axial TSE T1-weighted image (TR/TE 660/9.5 ms) 
 confi rms the extension of endometrial carcinoma ( EC ) to 
the left tubaric angle ( arrow ) and shows the pertinence of 
the abovementioned expansive mass ( star ) to the left 
ovary. The expansive mass shows a vascularized periph-
eral zone and a central avascular portion, indicating 
necrosis; at histology it was diagnosed as a localization of 
endometrial carcinoma       
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hand, inguinal lymph nodes are considered 
 “distant” metastatic sites (stage IVB). The uter-
ine neck and body fi rst drain to the parametrial, 
paracervical, and obturator lymph nodes, whereas 
the uterine fundus and tubaric angles fi rst drain to 
the common iliac and para-aortic lymph nodes. 

 Although some optimistic articles appeared in 
the literature, it must be kept in mind that, to date, 
MRI shows an unsatisfactory performance in the 
identifi cation of abdominopelvic metastatic 
lymph nodes: indeed, despite accuracy values of 
about 80–90 %, sensitivity values do not exceed 
60 % [ 42 ,  61 ].    Indeed, nowadays the only univer-
sally recognized MRI criterion for recognizing 
metastatic lymph nodes is a diameter >1 cm 
(Fig.  2.18a, b ). As a matter of fact, such an 
approach leads to a double problem:    fi rstly, 
“micrometastases” do not produce a suffi cient 
nodal enlargement to reach the 10 mm-diameter 
cutoff, causing therefore a loose in the methodic 
sensitivity, whereas, secondly, infl ammatory 
lymph nodes may often enlarge over the 10 mm- 
diameter cutoff, causing therefore a loose in the 
methodic specifi city. In order to increase the 
diagnostic performance of MRI in recognizing 
nodal metastases, some additional features may 
be evaluated. Rounded shape,    lost of fatty hilum, 

and spiculated margins, for example, are signifi -
cantly associated with nodal metastases, but the 
evaluation is limited by low interobserver agree-
ment. The recognition of necrotic tissue, which 
appears markedly hyperintense on T2-weighted 
images, without diffusion coeffi cient restriction, 
within an enlarged lymph node is virtually 
pathognomonic for nodal metastases, but it repre-
sents a rare eventuality in endometrial carcinoma, 
whereas the low apparent diffusion coeffi cient 
values of metastatic lymph nodes shows a signifi -
cant overlap with ADC of infl ammatory ones 
[ 62 ].    Moreover, with the experimentation of 
superparamagnetic contrast material stopped, 
there are to date no other effective means for 
diagnosing nodal metastases apart from the 
“morphodimensional” one.

   Lymph nodes must be evaluated on large 
fi eld of view TSE T1-weighted images, on 
which they appear hypointense in comparison to 
adjacent hyperintense intra-abdominal fat, and/
or on large fi eld of view T2-weighted RARE 
images, on which they appear hyperintense in 
comparison to adjacent saturated intra-abdomi-
nal fat. Both these imaging sequences are 
acquired on the true axial plane from femoral 
heads to renal hila in order to include all the 

a b

  Fig. 2.18    ( a ,  b ) Nodal involvement (stage IIIC/IVB). 
Axial TSE T2-weighted image (TR/TE 2,400/76 ms) ( a ) 
shows a 12 mm large, rounded, internal obturator lymph 
node ( arrow ), which showed to be metastatic at pathol-

ogy. Axial TSE T1-weighted image (TR/TE 730/10 ms) 
shows retroperitoneal lymphadenopathies ( arrows ) in a 
patient affected by a locally advanced endometrial carci-
noma with left ovary involvement ( star )       
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possible abdominopelvic nodal metastatic sites. 
Moreover,  diffusion- weighted images acquired 
in the pelvis may offer additional aid in recog-
nizing nodal structures in that region.   

2.14     Pitfalls in MRI Staging 
of Endometrial Carcinoma 

 MRI    offers an overall high accuracy in local staging 
of endometrial carcinoma, but there are some well-
known pitfalls that a radiologist must know [ 7 ]. 

 First of all, the most important assumption for 
correctly staging EC is a technically unexcep-
tionable MR examination, which means an 
examination with as few motion artifacts as pos-
sible and with imaging sequences acquired 
according to the correct axis. The fi rst step when 
evaluating an MR examination for staging EC is 
to check the correctness of scanning planes 
because MR images acquired with inclinations 
not orthogonal to endometrial axis are the pri-
mary cause of error in the evaluation of the depth 
of myometrial infi ltration. 

    Uterine morphological anomalies and the 
presence of large fi broids may increase the diffi -
culty in correctly evaluating both the depth of 
myometrial infi ltration and the presence of cervi-
cal stromal infi ltration because distorting the 
physiological uterine morphology. 

 Tumors involving tubaric angles must be care-
fully evaluated because myometrial thickness in 
that location is physiologically thinner than in the 
remaining uterus and, therefore, the depth of 
myometrial infi ltration might be overestimated. It 
is crucial to keep the myometrial thickness of the 
uninvolved contralateral tubaric angle as a 
reference. 

    Large polypoid tumors with a prevalent exo-
phytic growth are often responsible of compres-
sive alterations against uterine walls that result 
thinned that may lead to an overestimation of the 
depth of myometrial infi ltration. The evaluation 
of junctional zone integrity, if visible, can be use-
ful for excluding deep myometrial infi ltration in 
these cases. 

 Operative maneuvers performed on the cervix 
in the days before MR examination, e.g., curet-
tage, often cause signal intensity alterations that 

may lead to interpretation dilemmas; these 
 alterations, however, are usually limited to cervi-
cal mucosa, without cervical stromal involvement, 
and, therefore, do not generate staging errors.  

    Conclusions 

 Endometrial carcinoma represents a common 
pathology in developed countries, with a prev-
alence that is going to increase parallel to the 
increase of population aging and of obesity. 

 The standard treatment of endometrial car-
cinoma is constituted by a wide surgical deb-
ulking, but it has been proven that such an 
approach is inordinate in patients affected by 
low-recurrence- risk neoplasms; therefore, in 
the era of individualized therapies, MRI plays 
a fundamental role in the preoperative staging 
of endometrial carcinoma in order to tailor the 
best surgical approach for each patient. 

 MRI staging of endometrial carcinoma is 
based on high-resolution T2-weighted and 
contrast- enhanced T1-weighted images, but 
diffusion- weighted imaging is showing 
increasing consensus thanks to its high tissue 
contrast resolution. MRI sequence acquisition 
plans must be accurately oriented according to 
the endometrial longer axis in order to prevent 
staging errors. 

 MRI offers a high accuracy in preoperative 
“T” staging of endometrial carcinoma;    the 
most important parameters that must be care-
fully evaluated because implicating signifi cant 
differences in patients’ outcome are the depth 
of myometrial infi ltration and cervical stromal 
infi ltration. 

 MRI offers an unsatisfactory sensitivity in 
preoperative “N” staging of endometrial carci-
noma, with this evaluation being based on volu-
metric parameters only. However, histological 
data, if combined with MRI data about “T” 
stage, can accurately predict the risk of nodal 
metastases and help in treatment planning.     
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3.1            Anatomy of the Cervix 

 The cervix represents the inferior part of the 
uterus, which communicates superiorly with the 
isthmus uteri and inferiorly with the vagina. It 
has a cylindrical shape and is 2.5 cm long. It con-
sists of the supravaginal canal (endocervix) and 
of the intravaginal portion that projects into the 
vagina (ectocervix). The vagina surrounds the 
cervix creating the fornix. The part of the cervix, 
which is visible from the vagina, is called portio; 
in its centre, there is the external uterine orifi ce. 
This orifi ce is circular and tight in childless 
women, stretched in women who have already 
delivered [ 1 ]. 

 Unlike the uterine corpus, the wall of the cer-
vix consists mostly of fi rm connective tissue; the 
muscular portion accounts for less than 10 % of 
the cervical wall and consists primarily of smooth 
muscle cells in a circular arrangement. The 
mucosa of the anterior and posterior walls of the 

cervical canal is irregular because of the 
 underlying smooth muscle cells, which give a 
typical palm-like confi guration to the walls (pli-
cae palmatae). 

 The cervical canal is lined by mucus- 
producing columnar epithelium, which contains 
numerous gland-like units, called crypts. 

 The ectocervix is coated with non- keratinizing 
squamous epithelium. The squamocolumnar 
junction is located in the ectocervix, at the level 
of the external os during childhood and preg-
nancy. In the menopausal period, it is located 
along the cervical canal [ 2 ]. 

 The vascularization of the cervix is provided 
by the uterine and the ovarian arteries. The uter-
ine arteries originate from the anterior branch of 
the internal iliac artery, run through the parame-
tria and cross the ureters about 2 cm lateral to the 
uterine cervix. At the level of the internal os of 
the cervical canal, the uterine arteries divide into 
an ascending and a descending branch. The uter-
ine veins are connected to vaginal, rectal and 
vesical veins, which drain the venous blood into 
the hypogastric veins. 

 The lymphatic drainage of the cervix is pro-
vided by lymphatic vessels reaching the obtura-
tor, the iliac and the promontory lymph nodes. 
Lymphatic vessels from the cervix communi-
cate with lymphatic vessels of the corpus uteri, 
which reach the para-aortic, the preaortic and 
the superior medial superfi cial inguinal lymph 
nodes.  
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3.2     Normal Appearance 
of the Uterine Cervix at MRI 

 Contrary to the uterine corpus, the morphological 
appearance of the uterine cervix is only little 
infl uenced by woman’s age, phase of menstrual 
cycle or hormonal therapies [ 3 ]. 

 The normal zonal anatomy of the cervix is 
well visible on T2-weighted images. It is possible 
to distinguish three different anatomic zones: the 
endocervix, the inner stroma and the outer stroma 
(Fig.  3.1 ).

   The central endocervical mucosa shows 
high signal intensity on T2-weighted images, 
due to the presence of cervical mucus, particu-
larly during the periovulatory phase. During 
menopausal age, the cervical epithelium atro-
phies and the production of mucus diminishes; 
consequently the thickness and the signal 
intensity of the endocervical mucosa is 
reduced [ 4 ]. 

 The middle layer corresponds to the inner 
layer of fi bromuscular cervical stroma, which is 
often contiguous to the junctional zone of the 
uterine corpus. It is characterized by low signal 
intensity on T2-weighted images, due to the large 
amount of fi broblasts and smooth muscle cells 
and less vascularized connective tissue compared 
to the outer cervical stroma. 

 The outer layer of the cervix, corresponding to 
the outer cervical stroma, has low to intermediate 
signal intensity on T2-weighted images, due to 
the lower concentration of smooth muscle cells; it 
is often contiguous to the outer myometrium [ 5 ]. 

 On unenhanced T1-weighted images, the cer-
vix appears as a homogeneous cylinder-shaped 
structure of intermediate signal intensity; the 
single layers are not distinguishable. 

 After endovenous administration of contrast 
agent, both endocervical epithelium and parame-
trium show rapid contrast enhancement, followed 
by a progressive increase of the signal intensity 
of the outer stroma, whereas the compact stroma 
of the intermediate layer remains hypointense. 

 The paracervical tissue is composed of less 
dense stroma; consequently it has moderate to 
high signal intensity on T2-weighted images, 
whereas it demonstrates intermediate signal 
intensity on T1-weighted images.  

3.3     Imaging Technique 

3.3.1     Patient Preparation 

 Before scanning it is important to gather the gynae-
cologic anamnesis of the patient with information 
about her symptoms, hormonal status,  menstrual 

a b

  Fig. 3.1    Normal cervical anatomy. ( a ,  b ) T2w TSE images 
in axial (TR 5,130 ms, TE 108 ms) and sagittal (TR 6,040 ms, 
TE 90 ms) orientation showing the normal appearance of 

the cervical anatomy at MRI: endocervix ( asterisk ), inner 
 stromal ring ( black arrowhead ) and outer cervical stroma ( S ). 
Parametrial tissue ( P ). Urinary bladder ( B )       
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cycle, eventual hormone therapy,  pregnancies, 
 previous surgery or chemoradiotherapy. 

 A 4-h fasting is required for contrast medium 
injection and for reduction of bowel peristalsis. 
Motion artefacts caused by peristalsis are also 
reduced by the administration of a spasmolytic 
agent, such as butyl scopolamine bromide 
(Buscopan) administered preferentially intramus-
cularly at a dose of 20 mg few minutes before scan-
ning (in alternative: glucagon 2 mg endovenously). 

 The urinary bladder should be moderately 
fi lled in order to straighten an antefl exed uterus. 

 If vaginal infi ltration is suspected, it would be 
helpful to distend the vagina with gel for better 
delineation of the fornices. 

 The application of contrast medium is usually 
not necessary, apart from selected cases, in which 
a low molecular paramagnetic gadolinium-based 
contrast agent is administered at a dose of 
0.5–1 mmol/kg body weight.  

3.3.2     Patient Positioning, Scan 
Planes and Sequences 

 The patient is positioned supine with the arms 
lying along her sides. 

 The use of body phased array surface coils, 
covering from mid symphysis pubis to renal 

hilum, is important in order to obtain a high 
 signal to noise ratio, high signal homogeneity, 
high spatial resolution and rapid acquisitions. A 
relative disadvantage is that subcutaneous fat 
shows high signal intensity, which may accentu-
ate motion artefacts in sequences obtained with-
out breath hold. Thus, it is important to employ 
presaturation bands, anteriorly and above to the 
region of interest, in order to reduce the signal 
from the moving abdominal wall. Other strate-
gies to reduce motion artefacts are respiratory 
triggering or breath-hold acquisitions with very 
fast sequences, large measurements and the cor-
rect phase encoding direction. 

 The imaging area must comprehend not only 
the pelvis but also the abdomen up to the renal 
hilum for the evaluation of para-aortic lymph 
nodes. 

 The best sequences for the depiction of cervi-
cal carcinoma are turbo spin echo (TSE) 
T2-weighted sequences without fat saturation, 
which are characterized by high soft tissue con-
trast. They are fi rst acquired in the sagittal plane, 
parallel to the long uterine axis (covering the 
uterus and vagina to the pelvic fl oor), then paral-
lel to the short axis of the cervical canal (from the 
fundus uteri to the pelvic fl oor) and fi nally per-
pendicularly to this, parallel to the long axis of 
the cervical canal (Fig.  3.2 ).

a b

  Fig. 3.2    T2w TSE images in sagittal orientation (TR 6,040 ms, TE 90 ms). Example for positioning of the imaging 
slices in an MRI cervical examination along the short ( a ) and long ( b ) axis of the uterine cervix       
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   Angulated images are important for the 
 optimal depiction of the cervical stromal ring 
(axial planes) and for the evaluation of the rela-
tionship of the cervix with contiguous struc-
tures: axial and coronal planes and in particular 
the coronal planes parallel to the long axis of 
the endocervical canal. Additional angulated 
images perpendicular to the uterus or vagina 
may be useful in suspected infi ltration of these 
structures. 

 Lymph node metastases are best evaluated 
with high-resolution respiratory-triggered T2 
axial sequences, which are also useful in case of 
ureteral involvement. 

 DWI-weighted sequences may also be helpful 
in the detection of the cervical cancer itself, 
lymph node metastases and the peritoneal dis-
semination of tumours, as their ADC values are 
lower than those of normal tissues. 

 Intravenous contrast medium injection is usu-
ally not necessary, neither in benign lesions nor 
in primary staging of cervical cancer, which, at 
T2-weighted images, is usually well delineated 
from the surrounding tissue. 

 The administration of contrast material agents 
instead is helpful if cervical cancer is not seen at 
T2-weighted sequences and in patient candidates 
to trachelectomy. The injection of contrast agents 
may be useful even in those conditions, in cases 
where rectal, urinary bladder or vaginal  infi ltration 

by the tumour or endometriosis is suspected or in 
the differentiation between tumour recurrence 
and infl ammatory, post-actinic or postoperative 
changes at follow-up examinations.  

3.3.3     Standard Protocol 
for the Cervix Study at 1.5 T 

 Table  3.1 .

3.3.4        Optional Protocol 
for the Cervix Study at 1.5 T 

 Table  3.2 .

3.4         Non-neoplastic Diseases 

3.4.1     Cervical Pregnancy 

 Cervical pregnancy is rare, occurring in 0.15 % 
of ectopic pregnancies [ 6 ]. Anyway, its incidence 
is increasing, probably due to the more frequent 
abortions. The causative process for cervical 
pregnancy is still not well comprehended. Well- 
known risk factors include uterine and cervix sur-
gery, leiomyoma, anatomic malformations such 
as uterus septate, atrophic endometrium and 

   Table 3.1    Standard protocol for the cervix study at 1.5 T   

 Orientation  TR ms  TE ms  ST mm  FOV cm  Matrix px  Imaging area  Rationale 

 T2w TSE  True axial 
(Short cervical 
axis) 

 5,130  108  4  320  320 × 85  Pelvis  Evaluation of 
stromal ring 
integrity and 
cervical infi ltration 

 T2w TSE  True sagittal 
(Long uterine 
axis) 

 6,040  90  3  330  448 × 80  Pelvis  Evaluation of 
vaginal invasion 

 T2w TSE  True coronal 
(Long cervical 
axis) 

 3,870  101  3  320  320 × 65  Pelvis  Evaluation of 
parametrial pelvic 
fl oor infi ltration 

 T1w SE  Axial  550  9.3  4  320  256 × 80  Kidneys to 
pelvis 

 Evaluation of 
pelvic fl oor 
muscles 

 T2w BH  Axial  5.65  2.83  3  380  512 × 80  Kidneys to 
pelvis 

 Evaluation of 
lymph nodes and 
ureters 

 TRUE-FISP 
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 multiparity. It is a painless condition manifesting 
as bleeding after a period of amenorrhea. At the 
physical examination fi ndings consist of an 
enlarged cervix with a dilated cervical external 
ostium [ 7 ]. 

 At MRI the mass, made of decidua and chori-
onic villa with variable amount of blood at differ-
ent stages of degradation, shows heterogeneous 
signal on both T1- and T2-weighted sequences 
with a low-signal-intensity margin on T2-weighted 
images and variable contrast enhancement after 
administration of gadolinium- based contrast 
material [ 3 ,  8 ]  

3.4.2     Uterine Cervicitis 

 The ectocervix and the endocervix are, respec-
tively, lined by squamous and columnar (glandu-
lar) epithelium and are therefore affected by 
different pathogens including  Trichomonas vagi-
nalis ,  Candida albicans  and herpes simplex virus 
(mostly HSV type 2), which invade the ectocervi-
cal squamous epithelium, and  Neisseria gonor-
rhoeae  and  Chlamydia trachomatis  which affect 
the glandular endocervical epithelium causing 
mucopurulent infections [ 3 ,  7 ,  8 ]. 

 Clinical manifestations of acute cervicitis are 
tenacious, jelly-like, yellow or turbid vaginal dis-
charge, sensation of pelvic pressure or discom-
fort. Chronic infl ammation instead may be 
completely asymptomatic but may cause 

 epithelial erosion followed by atypical reparation 
processes with formation of retention cysts, 
which are demonstrated at MRI with low signal 
intensity on T1- and high signal intensity on 
T2-weighted sequences without enhancement 
after gadolinium-based contrast material admin-
istration [ 3 ,  8 ].  

3.4.3     Nabothian Cysts 

 Nabothian cysts are a common fi nding in the  cervix 
and represent mucous retention cysts localized in 
the deep cervical glandular epithelium caused by 
proliferation of the squamous epithelium in 
response to chronic fl ogosis with obstruction of the 
crypts, which consequently fi ll with mucus secreted 
by the columnar epithelium [ 3 ,  7 ,  9 ]. 

 A subtype of nabothian cysts are the so-called 
tunnel clusters which are characterized by multi-
cystic dilatation of the endocervical glands. They 
can be found in about 8 % of adult women, 40 % 
of whom are pregnant, almost exclusively multi-
gravida and older than 30 years. Therefore, tun-
nel cluster seems to be the result of a stimulatory 
process occurring during pregnancy [ 8 ,  9 ]. 

 Nabothian cysts are usually discovered inci-
dentally, measuring from few millimetres to sev-
eral centimetres and can easily be evaluated by 
visual inspection. Large cysts in the deeper 
 cervical stroma may cause an unexplained 
enlargement of the cervix [ 8 ]. 

   Table 3.2    Optional protocol for the cervix study at 1.5 T   

 Orientation  TR ms  TE ms  ST mm  FOV cm 
 Matrix 
px 

 Imaging 
area  Rationale 

 T1w SE FS  Axial  550  9.3  4  320  256 × 80  Kidneys to 
pelvis 

 Evaluation of 
tumour, therapy 
complications and 
fi stulas 

 Pre-post Gd  Coronal 
 Sagittal 

 T1w 3D GRE 
FS 

 Volumetric  4.89  2.4  2.5  400  320 × 80  Kidneys to 
pelvis 

 Evaluation of 
tumour and therapy 
complications  Pre-post Gd 

 DWI EPI FS  Axial  2,100  81  7  400  144 × 100  Kidneys to 
pelvis 

 Evaluation of 
tumour  b 0–500- 1,000 

(s/mm 2 ) 
 Sagittal 

 T1w GRE FS  Axial  822  4.93  4  320  256 × 91  Pelvis  Evaluation of 
cervical 
endometriosis 
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 At MRI they appear as single or multiple 
 circumscribed superfi cial round- to oval-shaped 
lesions with smooth margins. Their protein-
aceous content determines the intermediate or 
slightly high signal intensity on T1-weighted 
sequences and the prominent homogeneous high 
signal intensity on T2-weighted images. There is 
no enhancement after administration of intrave-
nous contrast material [ 3 ,  8 – 10 ] (Fig.  3.3 ).

   The most important differential diagnosis con-
sists in adenoma malignum, a well- differentiated 
adenocarcinoma of the cervix associated with cystic 
portions. The presence of solid tissue between the 
cysts suggests the malignant nature of this lesion [ 3 ].  

3.4.4     Cervical Polyps 

 Cervical polyps are the most common benign 
lesions of the cervix and are due to infl ammatory 
and metaplastic processes occurring above all in 
the endocervical canal. They may range in size 
from a few millimetre sessile lesions to huge ped-
icled masses of 5 cm, protruding through the cer-
vical orifi ce. They are soft masses arising from 
the mucosa and made of loose fi bromyxoid con-
nective stroma, blood vessels and dilated glands. 
Malignant degeneration is uncommon [ 3 ,  7 ]. 

 They typically occur in perimenopausal 
women (especially in the fi fth decade). The pre-
senting symptoms include menorrhagia, inter-
menstrual or postmenopausal vaginal bleeding, 
contact bleeding and vaginal discharge. The 
diagnosis is made by hysteroscopy [ 3 ,  8 ]. 

 At MRI cervical polyps are depicted as het-
erogeneous intermediate to high-signal-intensity 
masses with a hypointense central fi brous core 
and intratumoural cysts. After contrast medium 
injection the mass frequently shows a delayed 
lattice-like enhancement with outlining of the 
cystic spaces [ 3 ,  6 ,  8 ].  

3.4.5     Endometriosis 

 Cervical endometriosis is rare and usually affects 
the endocervical canal or the portio. The retrocer-
vical region and the posterior fornices instead are 
frequently affected by deeply infi ltrating endo-
metriosis with associated alterations of the utero-
sacral ligaments at their cervical insertions [ 3 ,  8 ]. 

 The solid components of endometriosis, con-
sisting of predominant muscular hyperplasia with 
associated fi brosis surrounding foci of endome-
trial tissue, show low signal intensity on both T1- 
and T2-weighted sequences and show pronounced 

a b

  Fig. 3.3    Nabothian cysts. T2w TSE images in coronal 
(TR 3,870 ms, TE 101 ms) ( a ) and sagittal (TR 6,040 ms, 
TE 90 ms) ( b ) orientation showing multiple, round- to 

oval-shaped, well-circumscribed, hyperintense cystic for-
mations ( arrow )       
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contrast enhancement after contrast medium 
injection. These lesions usually contain haemor-
rhagic material which gives rise to the develop-
ment of cystic components with high T1-signal 
intensity and variable T2-signal intensity [ 3 ] 
(Fig.  3.4 ).

   More often it happens that an adenomyosic 
polypoid mass of the corpus uterine, covered by 
endometrial mucosa and smooth muscle layers 
resembling myometrium, protrudes into the cer-
vical canal; it appears as ill-defi ned hypointense 
mass with some hyperintense cystic spots on 
T2-weighted images [ 3 ,  11 ].   

3.5     Epithelial Neoplasms 

3.5.1     Cervical Cancer 

3.5.1.1     Introduction 
 Cervical cancer represents the second most com-
mon malignancy in women after breast cancer, is 
the most common malignant pathology affecting 
the female genital tract and one of the most fre-
quent causes of death in women [ 4 ,  8 ,  12 ,  13 ]. 
The average age at diagnosis is 30–50 years, with 
a fi rst peak between 35 and 45 years and a second 
one between 65 and 75 years [ 14 – 16 ]. 

a b

c d

  Fig. 3.4    Endometriosic    cyst with haemorrhagic content 
in the posterior outer cervical stroma. T2w TSE images in 
axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal orienta-
tion (TR 6,040 ms, TE 90 ms) ( b ) and T1w TSE FS 
images in axial (TR 660 TE 9.5) ( c ) and sagittal orienta-
tion (TR 660, TE 9.5) ( d ) show a round-shaped, 

 well- defi ned cystic lesion ( asterisk ) in the posterior outer 
 cervical stroma. Its content shows low signal intensity on 
T2w TSE images ( a ,  b ) and high signal intensity on T1w 
TSE FS images ( c ,  d ), due to the presence of intracystic 
haemorrhagic material       
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 In most cases, cervical cancer is due to the 
infection of the cervical epithelium by oncogenic 
human papillomaviruses (HPV), in particular 
HPV 16 and 18, which represent the high-risk 
types. Thus, there are many other risk factors for 
developing cervical carcinoma, i.e. sex at an 
early age, many different sexual partners, poor 
genital hygiene, frequent other genital infections, 
multiple pregnancies, immunosuppression and 
long-term use of oral contraceptives [ 3 ]. 

 Typically these tumours arise from the unsta-
ble transformation zone of the uterine cervix at 
the junction of the squamous epithelium of the 
portio and the columnar epithelium of the cervi-
cal canal. Eighty to ninety percent of these 
tumours are squamous cell carcinomas followed 
by adenocarcinomas (5–10 %). Other rare histo-
logic types of cervical cancer include adenosqua-
mous carcinomas, small cell carcinomas and 
neuroendocrine tumours [ 3 ,  8 ,  17 ]. 

 In early stages, cervical carcinomas are fre-
quently asymptomatic. They become evident 
when the tumour has reached the stage of an 
invasive ulcerating cancer and are mainly repre-
sented by irregular or heavy vaginal bleeding, 
postcoital bleeding. Some patients present with a 
watery, mucoid, or purulent and malodorous vag-
inal discharge, which is a nonspecifi c fi nding. 
Advanced cervical tumour presents with pelvic 
and back pain due to infi ltration of the adjacent 
anatomic structures, unilateral oedema of the leg 
caused by disturbance of the lymphatic drainage 
and increase in body circumference in case of 
peritoneal seeding [ 3 ]. Anyway, nowadays most 
cervical cancers are discovered in an early stage 
thanks to screening programmes with Pap test. 

 The fi nal diagnosis of carcinoma of the uterine 
cervix is based upon histologic evaluation of a 
cervical biopsy.  

3.5.1.2     Roles of MR Imaging 
 MRI is the method of choice for pretreatment 
evaluation of tumour extent in patients with 
FIGO stage IB or greater (stage 0 and IA cannot 
be assessed with this imaging method), giving 
important information about:
•    Tumour volume  
•   Depth of stromal invasion  
•   Extension into the lower uterine segment  

•   Involvement of other contiguous anatomic 
structures and lymph nodes    
 Furthermore, MRI plays an important role in:

•    Demonstrating complications of the disease 
itself and treatment complications  

•   Determining the feasibility of the uterus pre-
serving surgery and in planning radio- and/or 
chemotherapy  

•   Monitoring response and detection of tumour 
recurrence [ 3 ,  15 ,  17 ,  18 ]     

3.5.1.3     General Appearance of Cervical 
Cancer on MRI 

 Cervical carcinoma can demonstrate a wide vari-
ety of morphologic appearances and may be 
endocervical with a barrel shape or exophytic 
infi ltrating [ 19 ]. 

 Cervical tumours are best seen on T2-weighted 
MRI images as they show a high soft tissue con-
trast resolution and allow better differentiation of 
the tumour from the normal fi brocervical stroma, 
the surrounding tissues and organs. In fact, 
 cervical cancer usually develops as a focal lesion 
from the mucosal layer of the cervix with a higher 
signal intensity on T2-weighted sequences in 
comparison to the low-signal-intensity cervical 
stroma [ 3 ,  14 ,  17 ,  18 ] (Fig.  3.5a, b ).

   On T1-weighted images, cervical cancer is 
usually isointense to the cervical stroma, and its 
identifi cation is much more diffi cult compared to 
T2-weighted images. These sequences, instead, 
permit a better depiction of the parametrial tis-
sue infi ltration, since this tissue contains more 
fat and therefore shows a high signal intensity 
while the tumour itself presents a low signal 
intensity. T1-weighted sequences are used fur-
thermore for the staging of lymph nodes [ 3 ] 
(Fig.  3.5c ). 

 In those particular cases where gadolinium- 
based contrast medium is applied (patients with 
positive histological outcome for cervical cancer 
but the tumour is not detectable on T2-weighted 
images or patients candidate for trachelectomy), 
cervical carcinomas show an early enhancement 
within the fi rst 15–30 s. Small tumours enhance 
homogeneously while large tumours often pres-
ent necrotic changes and may or may not enhance. 
Anyway, they are often surrounded by an enhanc-
ing rim [ 3 ,  14 ,  17 ] (Fig.  3.5d, e ). 
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a
b

c

d

e f

  Fig. 3.5    Cervical cancer (FIGO stage IB1). T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagit-
tal (TR 6,040 ms, TE 90 ms) ( b ) orientation show an area 
of high signal intensity in the left posterior portion of the 
uterine cervix attributable to cervical cancer ( arrows ). On 
T1w TSE image in axial orientation (TR 550 ms, TE 
9.3 ms) ( c ), the tumour ( arrow ) is represented by an area 
of altered signal intensity which results nearly isointense 
to the signal intensity of the outer cervical stroma. T1w 

TSE FS images after administration of contrast material 
(TR 4.89 ms, TE 2.4 ms) in axial ( d ) and sagittal orienta-
tion ( e ) show a marked enhancement of the neoplastic 
process ( arrows ). Furthermore, on diffusion-weighted 
images (TR 2,100 ms, TE 81 ms) with B0 ( f ), B150 ( g ) 
and B300 ( h ) values, the pathological process demon-
strates a progressive increase of signal intensity ( arrows ). 
On the ADC map ( i ), the tumoural process shows low 
signal intensity         
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 Diffusion-weighted imaging (DWI) is a 
 functional imaging technique whose contrast is 
derived from differences in the restriction of the 
movement of water molecules in intercellular 
spaces and gives information about water mobility, 
tissue cellularity and integrity of cellular mem-
branes [ 20 ,  21 ]. Cervical malignancies are charac-
terized by a larger cell diameter and a denser 
cellularity, which restricts water diffusion [ 21 ]. 
Therefore, on DWI uterine cancers appear as hyper-
intense lesions and obvious in contrast to the dark 
background and are therefore better discernable 
from the surrounding normal cervical tissue as with 
usual T2-weighted sequences [ 18 ,  21 ] (Fig.  3.5f–h ). 

 DWI can provide a quantitative measurement 
of apparent diffusion coeffi cient (ADC) value, 

which is infl uenced by nuclear-to-cytoplasm 
ratio and  cellular densities in solid tissues [ 22 ]. 
The ADC values of cervical carcinoma are sig-
nifi cantly lower than the median ADC values of 
benign lesions or normal cervical tissue and 
enable better delineation of the tumour boundar-
ies [ 18 ,  22 ,  23 ]. According to some authors, the 
ADC values seem to correlate with the histo-
logical grade of cervical cancer: in their studies, 
poorly (G3) differentiated tumours showed 
lower ADC values in comparison to well- (G1) 
and moderately (G2) differentiated tumours 
[ 20 – 22 ]. Moreover, the ADC values of squa-
mous cell carcinoma seem to be signifi cantly 
lower than those of adenocarcinomas [ 21 ,  22 ] 
(Fig.  3.5i ).  

g

i

h

Fig. 3.5 (continued)
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3.5.1.4     Local Tumour Staging 
 The most widely used staging system for cervical 
cancer is the “Federation Internationale de 
Gynécologie and Obstétrique” (FIGO) classifi ca-
tion (Table  3.3 ), which is only based on clinical 
examination (physical examination, colposcopy, 
cystoscopy, sigmoidoscopy, etc.) [ 8 ,  15 ].

   Stages 0 and IA represent the precursor stages of 
cervical cancer (CIN, CIS and microinvasive can-
cer) and are not evaluable with clinical exams nor 
with MRI as they do not change the normal cervical 
appearance. However, on dynamic MRI, microinva-
sive disease may be detected as a strongly enhanc-
ing area on early arterial phase images. Anyway, 
colposcopy and conization are the best methods for 
evaluation of these early cancer stages [ 3 ,  17 ]. 

 Stage IB1 is the earliest stage of cervical can-
cer detectable by MRI and is defi ned as clinically 
invasive tumour, confi ned to the cervix, without 
invasion of the parametria or the vagina. On 
T2-weighted images, the tumour can be depicted 
as a high-signal-intensity mass completely 

 surrounded by the low signal intensity of the 
fi brocervical stroma [ 3 ,  8 ] (Fig.  3.6 ). An intact 
low-signal-intensity cervical stroma excludes 
parametrial infi ltration with a negative predictive 
value of 94–100 % [ 14 ,  17 – 19 ].

   As large IB2 cancers tend to obstruct the cer-
vical canal, they are often associated with hydro- 
or haematometra. Hydrometra is defi ned as fl uid 
collection within the uterine cavity and is charac-
terized by low signal intensity on T1-weighted 
images and high signal intensity on T2-weighted 
images. Haematometra instead represents the 
collection of blood within the uterine cavity and 
therefore it shows high signal intensity on both, 
T1- and T2-weighted images [ 3 ] (Fig.  3.12 ). 

 In stage IIA, the tumour invades the upper two 
thirds of the vagina; the lower third of the vagina 
and the parametria are spared. On T2-weighted 
images, the invasion of the vaginal wall, which 
normally shows low signal intensity, is repre-
sented by a hyperintense segmental lesion or dis-
ruption [ 3 ,  8 ,  14 ,  18 ] (Figs.  3.7  and  3.8 ).

   Table 3.3    TNM classifi cation and FIGO staging of  cervical cancer [ 3 ,  4 ]   

 TNM  FIGO  Criteria 

 0  0  No evidence of primary tumour 
 T1  I  Cervical carcinoma strictly confi ned to cervix uteri 
 T1A  IA  Invasive carcinoma diagnosed only by microscopy. Stromal invasion with a 

maximum depth of 5 mm and a horizontal spread of 7 mm or less 
 T1a1  IA1  Stromal invasion 3 mm or less in depth and 7 mm or less in horizontal spread 
 T1a2  IA2  Measured stromal invasion more than 3 mm and not more than 5 mm in depth 

with a horizontal spread 7 mm or less 
 T1b  IB  Stromal invasion greater than 5 mm in depth or greater than 7 mm in diameter or 

clinical visible lesion confi ned to the cervix 
 T1b1  IB1  Clinically visible lesion no greater than 4 cm in size 
 T1b2  IB2  Clinically visible lesion greater than 4 cm in size 
 T2  II  Carcinoma extending beyond the cervix, not involving the pelvic sidewall or the 

lower third of the vagina 
 T2a  IIA  Tumour involves the upper two thirds of the vagina 
 T2b  IIB  Tumour with parametrial invasion 
 T3  III  Tumour involves the lower third of the vagina or extends to the pelvic sidewall or 

causes hydronephrosis or non-functioning kidney 
 T3a  IIIA  Tumour involves the lower third of the vagina, no extension to the pelvic wall 
 T3b  IIIB  Tumour extends to the pelvic sidewall and/or causes hydronephrosis or non-

functioning kidney 
 T4  IV  Tumour extends beyond the true pelvis and/or invades the mucosa of the bladder 

or rectum 
 IVA  Invasion of the mucosa of the bladder or rectum 

 M1  IVB  Metastatic spread to distant organs 
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    Stage IIB tumour is defi ned as cervical cancer 
with infi ltration of the parametrial tissue, without 
extension to the pelvic sidewall (Figs.  3.9 ,  3.10 , 
 3.11  and  3.12 ). In this stage the tumour is seen as 
high-signal-intensity mass on T2-weighted images 
with unsharp and irregular margins, disrupting the 
hypointense cervical stroma and invading the 
parametrial tissue. This results in focal thickening 
of the infi ltrated vesicouterine/rectouterine liga-
ments or retraction and dislocation of the cervix to 
the side of tumour invasion [ 3 ,  14 ].

      In stage IIIA, the tumour invades the lower 
third of the vagina, without extension to the pel-
vic sidewall (Fig.  3.13 ). On MRI, this stage is 
characterized by a hyperintense disruption asso-
ciated with continuous/discontinuous thicken-
ing of the vaginal wall. This stage is even 
characterized by a high risk for metastatic 
spread to superfi cial inguinal lymph nodes [ 3 ,  8 , 
 14 ,  18 ,  19 ].

   Stage IIIB is defi ned as tumour extension to 
the pelvic sidewall. On T2-weighted images, the 

a b

  Fig. 3.6    Cervical carcinoma FIGO stage IB1. T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040 ms, TE 90 ms) ( b ) orientation show a 

 hyperintense cervical mass ( arrows ) completely 
 surrounded by the hypointense stromal ring without infi l-
tration of the surrounding tissues       

a b

  Fig. 3.7    Cervical carcinoma FIGO stage IIA. T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040, TE 90) ( b ) orientation show a hyperintense 

cervical mass ( C ) extending to the anterior-lateral fornix 
on the left side ( arrows )       
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pelvic sidewall infi ltration is characterized by a 
high-signal-intensity tumour mass localized in 
the intermediate signal intensity of the pelvic 
musculature and of the low signal intensity of the 
cortical bone or as thickening of the iliac vascular 
walls. Another sign of pelvic sidewall infi ltration 
is the tumour-related reduction of the hyperin-

tense lateral lipid lamella on T1-weighted images. 
Hydronephrosis due to tumoural ureteral infi ltra-
tion and obstruction is classifi ed as IIIB disease 
as well [ 3 ,  6 ,  8 ,  14 ,  18 ,  19 ]. 

 Stage IVA is characterized by tumour infi ltra-
tion of the urinary bladder or the rectal mucosa 
(Figs.  3.14  and  3.15 ). In these cases, MRI shows 

a b

  Fig. 3.8    Cervical cancer FIGO stage IIA. T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040 ms, TE 90 ms) ( b ) orientation show a cervical 

mass extending to the anterior and posterior portion of the 
uterine portio ( C ) and along the anterior wall of the upper 
third of the vagina ( arrow )       

a b

  Fig. 3.9    Cervical cancer FIGO stage IIB. T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040 ms, TE 90 ms) ( b ) orientation show the pres-
ence of a cervical mass ( C ) infi ltrating the parametria 
( asterisk ) on both sides without reaching the pelvic side 

walls. The neoplastic process extends furthermore to the 
anterior wall of the upper third of the vagina ( arrow ). 
There is no rectal ( R ) or urinary bladder ( B ) infi ltration 
visible. Presence of a pathologic lymph node ( L ) in the 
left obturator region       

 

 

3 Uterine Cervix



58

a sensitivity of 91 % for invasion of the urinary 
bladder and 75 % for rectal involvement [ 15 ].

    Bladder infi ltration is suggested by focal or 
diffuse disruption of the normal low-signal- 
intensity posterior bladder wall on T2-weighted 
sequences, by a nodular or irregular bladder wall, 
by a mass protruding into the lumen of the blad-
der or by the presence of bullous oedema, which 
can be depicted as hyperintense thickening of the 
urinary bladder wall [ 6 ,  14 ,  19 ]. 

 Direct rectal infi ltration is rare because of the 
presence of the intervening pouch of Douglas. It 
usually occurs via the uterosacral ligaments and 
appears as segmental thickening, loss of the ante-
rior rectal wall and segmental disruption of the 
low-signal-intensity rectal wall by tumour tissue 
with high signal intensity on T2-weighted 
images. Rectal invasion may also be suggested 
by prominent strands between the tumour and the 
rectal wall [ 15 ,  17 ]. 

a b

  Fig. 3.10    Cervical carcinoma FIGO stage IIB. T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040 ms, TE 90 ms) ( b ) orientation show a cervical 
mass ( C ) which extends to the left-sided parametrial tis-

sue ( black arrowheads  in  a ) without reaching the pelvic 
side wall. It coexists infi ltration of the posterior vaginal 
fornix ( white arrow  in  b )       

a b

  Fig. 3.11    Cervical carcinoma FIGO stage IIB. T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040 ms, TE 90 ms) ( b ) orientation show a hyperin-
tense mass in the anterior portion of the cervix ( C ) with 

infi ltration of the left-sided fornix and parametrial tissue 
( arrows  in  a ). The pelvic sidewall is spared. The tumour 
determines furthermore infi ltration of the anterior wall of 
the upper third of the vagina ( arrowhead  in  b )       
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 Both conditions are often associated with the 
development of fi stulas, which, on T2-weighted 
images, are seen as hyperintense, fi liform tubular 
or serpiginous structures within the tumour mass 
extending towards the bladder or the rectum. In 
case of contrast medium application, on 
T1-weighted post-contrast MR images, fi stulas 
can be depicted as enhancing structures, due to 
the enhancement of the surrounding granulation 

tissue, with a non-enhancing fi liform lumen [ 3 ,  8 , 
 14 ,  24 ]. 

 Stage IVB cervical tumour is characterized by 
the presence of distant metastases [ 3 ,  17 ].  

3.5.1.5     Lymph Node Staging 
 The earliest tumour stage associated with lymph 
node metastases is stage IB and the risk increases 
with increasing depth of tumour invasion [ 3 ]. 

a b

  Fig. 3.13    Cervical cancer FIGO stage IIIA. T2w TSE 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040 ms, TE 90 ms) ( b ) orientation show a cervical 
mass ( C ) infi ltrating the inferior third of the corpus uteri, 

the parametria on both sides without extension to the pel-
vic sidewalls ( black arrows  in  a ) and the anterior wall of 
the vagina until its lower third ( asterisk  in  b )       

ba

  Fig. 3.12    Haematometra and cervical cancer FIGO stage 
IIB. T2w TSE image (TR 6,040 ms, TE 90 ms) ( a ) and T1 
GRE FS image after administration of gadolinium-based 
contrast medium (TR 4.89 ms, TE 2.4 ms) ( b ) in sagittal 

orientation show a neoplastic pseudopolyp ( C ) protruding 
into the vaginal fornix. The proliferative process deter-
mines obstruction of the cervical canal with formation of 
a haematometra ( H ) and dilatation of the uterine cavity       
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 The radiologic evaluation of lymph nodes is 
mainly based on their size and shape: parametrial 
lymph nodes have to be considered as suspicious, 
when they present a short axis of 1 cm or more, 
spherical morphology, irregular margins, signal 
intensity similar to the primary tumour, inhomo-
geneous contrast enhancement and central necro-
sis, which is highly predictive for metastatic 
disease [ 3 ,  6 ,  16 ,  18 ,  19 ,  24 ]. Some authors, how-
ever, suggest that a spherical lymph node should 
already be considered as suspicious if its short 
axis exceeds 5–7 mm [ 3 ]. 

 Cervical cancer spreads fi rst to the parametrial 
nodes, then to the lymph nodes along the internal 
and external iliac vessels, to the lymph nodes in 
the presacral area and the lymph nodes situated 
along the common iliac artery and in the para- 
aortic area, which are already considered as dis-
tant metastases [ 3 ,  15 ]. 

 Lymph node metastases of cervical cancer can 
even affect the supraclavicular, the parabronchial 
and the axillary lymph nodes [ 3 ]. 

 The presence of lymph node metastases is 
associated with a poor prognosis with decreased 
disease-free survival, increased incidence of 
tumour recurrence and marked decrease in sur-
vival rates [ 6 ,  17 ].  

3.5.1.6     Distant Metastases 
 Haematogenous spread of cervical cancer to 
other organs occurs very late and is mainly seen 
in patients with local tumour recurrence [ 3 ]. 

 The most common affected organ is the lung, 
where metastases appear as solitary or multiple 
parenchymal solid nodules, which are eventually 
associated with hilar and mediastinal adenopathy 
and pleural lesions or effusions. Rare fi ndings 
include endobronchial obstruction, pulmonary 
lymphangiomatosis carcinomatosa and pericar-
dial metastases [ 3 ,  8 ,  13 ]. 

 Abdominal metastases occur in the liver 
(especially in patients with recurrent cervical 
tumour), the pancreas, the spleen, the adrenal 
glands, the kidneys and the gastrointestinal tract 
(rare). Metastases in the peritoneal cavity are 
suggested by ascites (unspecifi c sign), irregular 
contour of the liver caused by focal lesions, peri-
toneal thickening and nodularity and soft tissue 
masses. Abdominal metastases are often associ-
ated with abdominal pain and increase in abdom-
inal circumference [ 3 ,  13 ]. 

 Skeletal metastases occur mainly in patients 
with tumour recurrence, affect primarily the bony 
pelvis, the lumbar and other vertebral bodies, the 
ribs and the extremities and present typically an 

a

b

  Fig. 3.14    Cervical carcinoma FIGO stage IVA. T2w 
images in axial (TR 5,130 ms, TE 108 ms) ( a ) and sagittal 
(TR 6,040 ms, TE 90 ms) ( b ) orientation show an extensive 
neoplastic process of the uterine cervix with infi ltration of 

the corpus uteri ( asterisk ), the vagina and the vulva ( white 
arrowheads ). The tumour invades furthermore the posterior 
wall of the urinary bladder ( B ) ( black arrowheads ), 
neoplastic process ( C )       
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osteolytic character. On T1-weighted MR images, 
bone metastases are visible as hypointense 
lesions within the skeletal bone marrow, while on 
T2-weighted and on fat-saturated T1-weighted 
images after contrast material administration, 
they appear as hyperintense lesions [ 3 ].  

3.5.1.7     Uterine Cervical Carcinoma 
After Therapy 

   Findings After Surgery 
 Radical hysterectomy (Fig.  3.16 ) with associated 
pelvic lymphadenectomy represents the standard 

surgery for stage IB and IIA disease. The uterus 
and the upper third of the vagina are absent, and 
the residual vaginal stump is represented by an 
elongated, rectangular structure, which is well 
delimitated from the surrounding fatty tissue 
between rectum and urinary bladder and shows a 
smooth end. The normal residual vaginal wall 
can be visualized as smooth, low-signal-intensity 
muscular wall on T2-weighted images. In some 
cases, fi brotic scar tissue is present at the vaginal 
vault showing an intermediate to low signal 
intensity on T1- and T2-weighted images. 

a b

c d

  Fig. 3.15    Cervical cancer FIGO stage IVA. T2w TSE 
image in sagittal orientation (TR 6,040 ms, TE 90 ms) ( a ) 
shows the cervical neoplasm with infi ltration of the ante-
rior wall of the vagina ( arrow ), the posterior wall of the 
urinary bladder ( asterisk , urinary bladder  B ). T2w TSE 
image in axial orientation (TR 5,130 ms, TE 108 ms) ( b ) 
shows a fi ne hyperintense tubular structure, attributable to 
a small fi stula, in the cervical tumour mass ( C ) extending 

towards the urinary bladder ( arrow ). T2w TSE image in 
axial orientation (TR 5,130 ms, TE 108 ms) ( c ) shows 
bilateral infi ltration of the parametrial tissue ( arrows ) by 
the tumour mass ( C ). T2w TSE image in axial orientation 
(TR 5,130 ms, TE 108 ms) ( d ) shows the neoplastic cervi-
cal process ( C ) which invades the left pelvic sidewall and 
the homolateral levator ani ( arrow ) and obturatorius mus-
cles ( asterisk )       
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Metallic clips can be appreciated as small signal 
voids [ 3 ,  8 ,  13 ,  16 ].

   Radical trachelectomy (Fig.  3.17 ) is usually 
performed in young women with stage IA or 
small stage IB1 tumours who wish to preserve 
their fertility. This surgical intervention consists 

in proximal vaginotomy, cervical resection and 
paracervical and paravaginal dissection, and the 
corpus uteri is preserved. An end-to-end anasto-
mosis between the corpus uteri and the vaginal 
vault is performed, and a cerclage suture is placed 
to maintain competency and therefore fertility 
potential. Trachelectomy is furthermore associ-
ated with bilateral pelvic lymphadenectomy. In 
some cases, there will be an extension of the pos-
terior wall of the vagina appearing as a neo- 
posterior vaginal fornix. Common changes after 
trachelectomy in the pelvis include lymphoceles 
and exaggeration of the pelvic venous plexus. 
Recurrence of cervical cancer in this type of sur-
gery develops at the anastomotic site [ 3 ,  17 ,  25 ].

   Pelvic exenteration is performed in patients 
with a central pelvic tumour recurrence and is 
characterized by hysterectomy, colpectomy and 
removal of the urinary bladder (anterior exentera-
tion) or of the urinary bladder and the rectosig-
moid (complete exenteration). In case of a 
supralevator exenteration, a part of the levator 
plate will be resected. A translevator exenteration 
instead is represented by vulvectomy and resec-
tion of the levator muscle, urogenital diaphragm 
and vulvoperineal soft tissue [ 3 ]. 

 The complications of surgery consist in lym-
phocele, vesicovaginal and ureteral fi stula, injury 
to the urinary bladder, ureteral damage, pelvic 
infection and haemorrhage [ 3 ,  13 ] 

 Up to 2 years after surgical therapy, the scar tis-
sue might show a high signal intensity on 
T2-weighted images due to infl ammatory pro-
cesses and neovascularization. In this period of 
time, the differentiation between scar tissue and 
tumour recurrence is very diffi cult [ 24 ]; in fact, the 
only way to recognize a tumour recurrence in fol-
low-up MRI exams during this period is the appear-
ance and/or increase in volume of pathologic solid 
tissue at the site of surgical intervention.  

   Findings After Chemoradiotherapy 
 MRI is the fi rst-line radiological modality for 
follow-up after combined chemoradiotherapy, 
which is performed as primary therapy in patients 
with cervical cancer in advanced stages. 

 A positive response to this therapy is charac-
terized by a signifi cant decrease in tumour 

  Fig. 3.16    T2w image in sagittal orientation (TR 
6,040 ms, TE 90 ms) shows the normal female pelvic 
anatomy after radical hysterectomy with absence of the 
uterus and the upper third of the vagina. The vaginal 
stump is visible as elongated, rectangular structure 
( arrow ) located between the urinary bladder ( B ) and the 
rectum ( R )       

  Fig. 3.17    T2w TSE image in sagittal orientation (TR 
6,040 ms, TE 90 ms) shows the normal female pelvic 
anatomy after trachelectomy with preservation of the 
uterus and end-to-end anastomosis between the corpus 
uteri and the vaginal vault ( arrowhead )       
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 volume and signal intensity on T2-weighted 
images (Fig.  3.18 ). The typical signs of a tumour-
free cervix are the reconstitution of the normal 
zonal anatomy with presence of homogeneous 
low-signal- intensity cervical stroma and the 
return of the normal anatomy of the proximal 
vagina [ 3 ,  13 ,  19 ].

   Other changes, which are primarily induced 
by radiotherapy, are represented by wall thicken-
ing of the urinary bladder and rectum with or 
without increased signal intensity on T2-weighted 
images, symmetric thickening of the uterosacral 
ligament, presacral space widening and alteration 

of its signal intensity on both, T1- and 
T2-weighted sequences, high signal intensity of 
the skeletal muscle on T2-weighted sequences 
and high signal intensity of the bone marrow on 
T1-weighted images [ 18 ,  19 ]. 

 Complications of radiation therapy consist in 
rectovesical fi stulas, post-actinic radiogenic coli-
tis, rectal and ureteral stricture and sacral insuf-
fi ciency fractures [ 3 ,  13 ,  19 ].   

3.5.1.8     Recurrence of Cervical Cancer 
 Approximately 30 % of women treated for inva-
sive cervical cancer die of residual or recurrent 

a

c d

b

  Fig. 3.18    T2w TSE images in axial (TR 5,130 ms, TE 
108 ms) and sagittal orientation (TR 6,040 ms, TE 90 ms) 
show a cervical cancer (FIGO stage IIb) before ( a ,  b ) and 

after ( c ,  d ) combined chemoradiotherapy with evident 
reduction in tumour size. Cervical cancer ( C ), urinary 
bladder ( B )       
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disease. Tumour recurrence is defi ned as local 
tumour regrowth, development of lymph node or 
distant metastases after a tumour-free period of at 
least 6 months. In case of cervical cancer, recur-
rence usually occurs within 2 years after the diag-
nosis [ 3 ,  13 ,  15 ]. 

 The risk factors for recurrence of cervical car-
cinoma are represented by histologic features of 
the tumour, tumour size, depth of stromal inva-
sion and nodal status at presentation [ 13 ]. 

 The sensitivity of MRI in detection of recur-
rent pelvic disease is 90 % [ 15 ]. 

 On MRI, the tumour:
•    May present a nodular appearance with irreg-

ular borders, due to tumour extensions and 
desmoplastic reactions and extension to the 
surrounding anatomic structures  

•   May show a diffuse growth    
 The most frequent site of tumour recurrence is 

the pelvis, either in a central position or at the 
sidewall. 

 Central recurrence of cervical cancer is usu-
ally located in the preserved cervix or vaginal 
cuff and is indicated by loss of the low-signal- 
intensity linear confi guration of the vaginal vault 
and the presence of a soft tissue mass with blurred 
margins and high signal intensity on T2-weighted 
MR images [ 17 ,  24 ]. 

 Compared to scar tissue and muscle, the recur-
rent neoplasm shows a higher signal intensity on 
T2-weighted images and an earlier and more evi-
dent enhancement on T1-weighted images after 
administration of gadolinium-based contrast 
medium. The maximum tumour enhancement 
occurs between 45 and 90 s after the contrast 
medium application [ 3 ,  13 ,  17 ]. 

 If the carcinoma extends anteriorly, it may 
lead to encasement of the ureters with ureteral 
obstruction or infi ltration of the urinary bladder 
wall with obstruction of the ureteral orifi ces with 
development of hydronephrosis. 

 Posterior tumour growth instead determines 
infi ltration of the presacral space, of the os 
sacrum or of the perirectal space and rectum. 
Rectal infi ltration of the recurrent neoplasm 
occurs in about 17 % of cases and involves most 
frequently the rectosigmoid junction. The 
remaining colon and the small intestine can be 

involved in presence of an advanced cervical 
cancer recurrence with development of adhe-
sions of small bowel loops or intestinal 
 obstruction [ 3 ,  13 ]. 

 The pelvic sidewall is the second most fre-
quent site of tumour recurrence and the preferred 
region of lymph node metastases. It can be infi l-
trated by a central tumour recurrence with lateral 
extension as well [ 3 ,  13 ]. 

 After surgery, tumour recurrence occurs most 
frequently in the operative bed, especially at the 
vaginal stump, and at the resection margins. After 
radical hysterectomy, most cervical carcinomas 
show supravaginal recurrence (20 %) at the roof 
of the vaginal stump and in the rectovaginal 
space, between the bladder and rectum [ 3 ] 
(Fig.  3.19 ).

   After primary chemoradiotherapy, local recur-
rence of cervical cancer is represented by a new 
tumour in the cervix, infi ltration of the vagina or 
recurrence in the parametria with extension to 
cervix and vagina. A large recurrent tumour in 

  Fig. 3.19    Tumour recurrence after radical hysterectomy 
in cervical cancer. T2w TSE image in sagittal orientation 
(TR 6,040 ms, TE 90 ms) shows a huge, tumour mass ( C ) 
with pseudocapsule ( arrowheads ), originating from the 
vaginal stump ( asterisk ) and extending towards the prom-
ontorium. The neoplastic process infi ltrates the proximal 
sigma ( white arrow ) and the anterior wall of the rectum 
( black arrow )       
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the cervix may determine an obstruction of the 
internal os with resultant hydro- or pyometra [ 3 ]. 

 Pelvic exenteration is only performed in 
young patients, with low comorbidity and only a 
central pelvic tumour recurrence without perito-
neal disease, vessel encasement, involvement of 
the pelvic sidewall or nodal metastases. In case of 
tumour recurrence of the pelvic sidewall, the pri-
mary therapy consists in chemoradiotherapy. 
Lymph node metastases are usually treated by 
radiotherapy and haematogenous distant metas-
tases by chemotherapy [ 3 ].   

3.5.2     Adenoma Malignum 
or Minimal Deviation 
Adenocarcinoma 

 Adenoma malignum is an extremely well- 
differentiated mucinous adenocarcinoma of the 
cervix, and its prevalence is about 3 % of all cer-
vical adenocarcinomas. It is very often associ-
ated with Peutz-Jeghers syndrome and mucinous 
tumours of the ovary. The most common initial 
symptom is watery vaginal discharge. Other 
nonspecifi c clinical presentations include 
abdominal pain, vaginal bleeding and abnormal 
Papanicolaou test. Its prognosis is very unfa-
vourable, as it disseminates early to the perito-
neal cavity and presents poor response to 
radio- or chemotherapy. Moreover this kind of 
malignancy is associated with vaginal, parame-
trial and bladder invasion and ovarian and lymph 
node metastases [ 6 ,  8 ,  9 ,  17 ]. 

 MRI demonstrates a multicystic nodular or 
annular mass with solid tissue components, 
extending from the endocervical glands to the 
deep cervical stroma. The cystic portions have 
irregular and rough walls and are hypointense on 
T1-weighted images and hyperintense on 
T2-weighted images with intervening low-signal 
septations. The solid components instead show 
obvious enhancement after administration of 
gadolinium-based contrast medium [ 6 ,  9 ,  10 ,  17 ]. 

 This tumour has to be differentiated from 
nabothian cysts, florid endocervical hyperpla-
sia and well-differentiated adenocarcinoma 
[ 3 ,  8 ,  17 ].   

3.6     Neuroendocrine Tumours 

 Small cell carcinoma is a rare primary tumour 
of the uterine cervix and accounts only 0.5–6 % 
of all cervical cancers. This tumour is extremely 
aggressive with early spread to the whole body. 
In most cases, they present with unspecifi c 
symptoms. MRI signal intensity of neuroendo-
crine tumours of the cervix is nonspecifi c with 
low signal intensity on T1-weighted sequences 
and slightly heterogeneous high signal intensity 
on T2-weighted images. After administration of 
gadolinium-based contrast agent, they show an 
evident enhancement. They are frequently 
accompanied by extensive lymphadenopathy 
and parametrial invasion [ 8 ,  26 ]. 

3.6.1     Malignant Melanoma 

 One to three percent of malignant melanomas 
develop in the female genital tract. Anyway, 
primary malignant melanoma of the uterine 
cervix is extremely rare. In fact, the cervix is 
usually involved secondarily as result of local 
extension from the vagina or vulva or as a 
result of haematogenous spread from primary 
melanoma located somewhere else in the 
body. Prognosis of this pathology is very 
poor as it is very often diagnosed at an 
advanced stage with most patients dying 
within 3 years [ 27 ]. 

 On MRI, these lesions present a high signal 
intensity on T1-weighted images which varies 
according to the content of melanin. On 
T2-weighted images instead, the malignant 
melanoma shows low signal intensity. The sig-
nal intensity can furthermore be altered by 
intralesional haemorrhages, which occur quite 
often [ 3 ]. 

 The malignant melanoma can be very easily 
identifi ed at clinical examination (visual inspec-
tion) because of its characteristic black colour 
[ 8 ]. The treatment consists above all in radical 
hysterectomy, pelvic lymphadenectomy and par-
tial vaginectomy. Radiotherapy may be useful as 
adjuvant therapy or in the palliation of an inoper-
able patient [ 27 ].  
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3.6.2     Metastases 

 Metastatic involvement of the uterine cervix is 
most commonly due to contiguous infi ltration from 
other primary malignancies in the pelvis, colorectal 
cancer and urinary bladder carcinoma being the 
most frequent primary sites. The uterine cervix 
may also be infi ltrated by peritoneal implants or 
ovarian cancer. On MRI, contiguous metastatic 
 disease manifests as mass disrupting the hypoin-
tense fi brous cervical stroma with heterogeneous 
enhancement on post-contrast T1-weighted 
sequences [ 6 ]. 

 Haematogenous dissemination of metastatic 
disease to the uterine cervix is rare and may occur 
from primary sites in the breast, gastrointestinal 
tract, ovary, skin and kidney. These metastases 
may be mass like and are characterized by heter-
ogeneously enhancing masses disrupting the low 
signal intensity of the cervical stroma. Infi ltrative 
metastases instead manifest as bulky enlargement 
of the cervix with abnormal signal and heteroge-
neous enhancement [ 3 ,  6 ].   

3.7     Nonepithelial Neoplasms 

3.7.1     Malignant Lymphoma 

 Malignant lymphoma of the cervix is uncommon 
and occurs only in 2 % of all primary extra nodal 
malignant lymphomas. In fact, usually it is due to 
secondary infi ltration by advanced lymphoma 
from other sites. The majority of primary 
 cervicouterine lymphomas are represented by 
B-cell NHL. The age of presentation of primary 
cervical lymphoma varies from 20 to 80 years 
with a mean age of 40–59 years. The most fre-
quent presenting signs are vaginal bleeding, spot-
ting or discharge, dyspareunia, perianal 
discomfort, urinary retention, abdominal mass or 
constitutional symptoms. 

 On MRI, it is characterized by a bulky, ill- 
defi ned, homogeneous mass with low signal 
intensity on T1-weighted images and a high sig-
nal intensity on T2-weighted images, similar to 
that of cervical squamous cell carcinoma. After 
administration of gadolinium-based contrast 
material, the mass enhances homogeneously and 

can be better delineated from surrounding  tissues. 
Necrosis is uncommon and typically there is no 
infi ltration of the surrounding anatomic struc-
tures [ 3 ,  6 ,  8 ,  28 ,  29 ]. 

 Prognosis of cervical lymphoma is very 
favourable, even in advanced disease, as it shows 
a good response to combined chemo- and radio-
therapy [ 28 ,  29 ].  

3.7.2     Cervical Leiomyoma 

 Leiomyoma of the uterine cervix is very rare and 
accounts for less than 10 % of all leiomyomas of 
the uterus [ 8 ]. Clinical symptoms of this disease 
are mainly due to mass effect with abdominal 
distension, hyper- or dysmenorrhea and intra- 
abdominal blood accumulation [ 8 ,  30 ]. 

 Typical leiomyoma are made of whorls of 
smooth muscle cells with various amount of col-
lagen, that is little or absent in the cellular type. 
Scattered adipocytes in a typical leiomyoma are 
relatively common fi ndings, but sometimes they 
are prominent and the lesion is called lipoleio-
myoma [ 30 ]. 

 On MRI, typical, not degenerated, leiomyo-
mas appear as well-defi ned, circumscribed 
masses with low signal intensity on T1- and 
T2-weighted images and homogeneous enhance-
ment after contrast material application. They do 
not have a true capsule but are surrounded by a 
pseudocapsule that sometimes is visible as a thin 
rim of hyperintensity on T2-weighted and post- 
contrast images [ 6 ,  31 ]. 

 Moreover, leiomyomas may present different 
kinds of degeneration:
•    Hyaline degeneration (most common) with 

hypointense signal on T2-weighted images 
and lack of enhancement  

•   Cystic degeneration (advanced stage of intra-
tumoural oedema) with small or large, well- 
defi ned cystic spaces, demonstrating low 
signal intensity on T1-weighted images, high 
signal intensity on T2-weighted images and 
no enhancement on post-contrastographic 
T1-weighted sequences.  

•   Myxoid degeneration with marked high signal 
intensity on T2-weighted sequences with late 
and gradual enhancement  
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•   Red degeneration caused by venous thrombo-
sis with high signal intensity on T1-weighted 
images and lack of enhancement of the entire 
mass. The thrombosed veins may be visible as 
hyperintense rim surrounding the tumour on 
T1-weighted images [ 6 ,  8 ]    
 Four percent of degenerated fi broids have cal-

cifi cations which are visible as signal voids on all 
MRI sequences [ 6 ]. 

 Rarely leiomyomas may degenerate into leio-
myosarcomas: irregular borders, pelvic sidewall 
or vascular invasion, haemorrhagic necrosis and 
rapidly increasing size are suggestive of sarco-
matous transformation [ 6 ,  8 ,  31 ].      
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4.1            Endometriosis 

 Endometriosis is defi ned as the presence of endo-
metrial tissue, composed of both glandular and 
stromal elements, outside of the uterine cavity. 

 Originally, endometriosis was further classi-
fi ed as endometriosis “interna” (referred to as 
endometrial tissue within the uterine muscula-
ture) and “externa” (endometrial tissue in all 
other sites). Currently, adenomyosis has replaced 
the term endometriosis “interna.” 

 Several systems have been used to stage the 
extension of the disease. The most common stag-
ing system used is the American Fertility Society 
(AFS) classifi cation. It divides the disease into 
minimal, mild, moderate or severe, based on the 
presence of ovarian or peritoneal endometriosis 
(subdivided into superfi cial or deep), adhesions, 
and posterior cul-de-sac obliteration [ 1 ]. The AFS 
classifi cation is the most commonly used, but it has 

poor correlation with severity of the disease and 
poor prognostic value of response to treatment. We 
consider the anatomic subdivision of pelvic endo-
metriosis into three forms: the adenomyosis, the 
tubo-ovarian lesions (localized in the ovaries and 
tubes), and the deep pelvic endometriosis, defi ned 
by the invasion of endometrial tissue at least 5 mm 
beneath the peritoneal surface. There are also 
superfi cial peritoneal lesions, or noninvasive 
implants, well recognized at laparoscopy [ 2 ,  3 ], but 
usually not detectable with imaging. 

4.1.1     Epidemiology 

 The real prevalence of endometriosis is diffi cult 
to determine since laparoscopy or surgery is 
required to make a defi nitive diagnosis [ 4 ]. 
Endometriosis is found especially in women of 
childbearing age, involved with an incidence of 
10 % [ 5 ] and a peak of incidence between 24 and 
29 years. Anyway it is not uncommon between 
adolescents (in most cases related to obstructive 
Mullerian duct anomalies of the cervix or vagina) 
[ 6 ], and about 5 % of cases are seen in postmeno-
pausal women, related to hormone replacement 
therapy [ 7 ].  

4.1.2     Pathogenesis 

 The pathogenesis of endometriosis is complex 
and still debated, probably multifactorial. Up to 
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now, three principal theories have been 
proposed. 

4.1.2.1     Metastatic Theory [ 8 ] 
 It is the most widely accepted theory that endo-
metriosis results from a retrograde menstruation 
transporting endometrial tissue from the uterine 
cavity into the peritoneal cavity, where endome-
trial cells implant. 

 Actually, a retrograde menstruation has been 
observed in up to 90 % of normal women during 
the menstrual period [ 9 ], but endometrial tissue is 
normally resorbed by the abdominal cavity. 
Instead in case of endometriosis, the equilibrium 
between retrograde menstruation and resorption 
of endometrial tissue in the abdominal cavity is 
altered and leads to development of endometri-
osic lesions. Further evidence of this theory is 
suggested by the major frequency in women with 
obstructive anomalies of Mullerian duct develop-
ment and with consequently excessive retrograde 
fl ow [ 6 ] and by the anatomic locations of the dis-
ease in the dependent pelvic areas [ 10 ]. 
Furthermore, the risk of endometriosis seems to 
be dependent on the amount of menstrual fl ow. 

 The metastatic spread can happen also by vas-
cular and lymphatic channels or iatrogenically 
during surgery.  

4.1.2.2     Metaplastic Theory [ 11 ] 
 It suggests the metaplastic differentiation of the 
Müllerian remnant tissue or peritoneal cells of 
serosal surfaces into functioning endometrial 
cells. The demonstration of endometriosis in 
women lacking functional eutopic endometrium 
(e.g., Turner syndrome, uterine agenesis) sup-
ports this theory [ 12 ].  

4.1.2.3     Induction Theory 
 This is a combination of both fi rst two theories. It 
suggests that substances released from shed 
endometrium induce undifferentiated mesen-
chyma to form endometriosic tissue [ 6 ]. 

 Regardless of these theories, there is growing 
evidence suggesting that a genetic component 
plays a role in endometriosis with signifi cant 
familial clustering and fi rst-degree relatives of 
women with endometriosis having a sevenfold 
greater chance of having endometriosis [ 13 ].   

4.1.3     Signs and Symptoms 

 Endometriosis is frequently asymptomatic; it 
could be associated with a wide variety of symp-
toms, none of these pathognomonic, thus making 
the diagnosis diffi cult. 

 The most important clinical manifestations 
are pelvic pain and infertility. Endometriosis was 
detected at surgery in 19 % of women with 
chronic pelvic pain. Patients usually have cyclic 
symptoms related to bleeding and infl ammation 
of menses; common symptoms are dysmenor-
rhea, back pain, dyspareunia, and rectal discom-
fort. However, clinical manifestations are related 
to implant’s location and are listed in the 
Table  4.1 .

   Infertility may be the presenting complaint of 
endometriosis, with or without pelvic pain. It is 
estimated that 30–50 % of women with endome-
triosis are infertile, and 20 % of infertile women 
have endometriosis [ 14 ]. The pathogenic mecha-
nism is debated. It could be related to repeated 
episodes of bleedings causing a chronic infl am-
matory state, which can lead not only to anatomic 
alterations induced by fi brosis and adhesions, but 
also to bio-humoral changes [ 15 ]. 

 Of the three forms, deep pelvic endometriosis 
is thought to contribute most often to clinical 
symptoms. Then, in case of ovarian  endometrioma 

   Table 4.1    Symptoms related to anatomic location of 
endometriosic implants   

 Anatomic location  Symptoms 

 Pouch of douglas, torus 
uterinus, USLs, 
rectovaginal septum 

 Dyspareunia 

 Bowel  Dyschezia, catamenial 
diarrhea, rectal bleeding, 
constipation, intestinal 
occlusion 

 Ureteral stenosis  Urinary obstruction, fl ank 
pain 

 Bladder  Urgency, frequent urination, 
hematuria 

 Pleura – lung  Hemophthysis, chest pain, 
shortness of breath 

 Brain  Perimenstrual headaches, 
seizures, subarachnoid 
hemorrhage 

 Skin  Catamenial bleeding, 
tenderness 
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with chronic and severe pelvic pain, associated 
deep pelvic endometriosis lesions are generally 
present, often multifocal and with intestinal infi l-
tration [ 16 ].  

4.1.4     Diagnosis 

 The lack of specifi c symptoms makes the diagno-
sis of endometriosis diffi cult and, often, very late. 
Diagnosis is made harder because the fi rst-line 
imaging study, usually transvaginal or 
 transabdominal ultrasound (US) [ 17 ], has a high 
sensitivity for adnexal lesions but a poor accu-
racy for other locations, especially for deep 
pelvic endometriosis, frequently giving false-
negative results [ 17 ]. Above transabdominal and 
transvaginal US, several techniques have been 
used: magnetic resonance (MR) imaging and, in 
case of suspected bowel endometriosis, transrec-
tal ultrasonography (US), rectal endoscopic 
sonography, and double barium contrast enema 
(DBCE). When the urinary system is involved, 
MR urography and cystography could be 
employed. 

 The reference standard for the diagnosis of 
pelvic endometriosis remains laparoscopy with 
histological confi rmation. 

 In this chapter, we would highlight the role of 
magnetic resonance (MR) imaging in the diagno-
sis of endometriosis. This technique has already 
been demonstrated as a successful diagnostic tool 
to investigate the tubo-ovarian endometriosis, 
with a sensitivity, specifi city, and accuracy of 90, 
98, and 96 %, respectively [ 18 ], but also for deep 
endometriosis, with a sensitivity and specifi city 
of 90 and 91 %, respectively [ 19 ].   

4.2     Uterine Adenomyosis 

 Adenomyosis is a common non-neoplastic uter-
ine disease defi ned by the presence of ectopic 
endometrial tissue within the myometrium, due 
to the invagination of endometrium in the myo-
metrium at a depth of at least 2.5 mm below the 
basal layer of the endometrium. This process 
leads to hyperplasia and hypertrophy of the 
smooth muscle [ 20 ]. 

 Adenomyosis can be either  focal  (one or several 
foci in the myometrium) or  diffuse  (numerous foci 
spread throughout the myometrium), and it is often 
asymmetric, predominating in the posterior uterine 
corpus. More controversial is the distinction 
between  superfi cial  (simple thickening of the junc-
tional zone seen on MRI or lesions not extending 
beyond one third of the depth of the myometrium) 
and  deep forms  (penetrating deeper than one third 
of the myometrium). Although it has been accepted 
that uterine adenomyosis results from the direct 
invasion of the endometrium into the myometrium, 
and in such cases no direct relationship between the 
adenomyosis and the endometrium is proved histo-
logically. Rather the disease appears to be the result 
of the invasion of endometrium-like structures 
(presumably endometriosis) from outside the 
uterus, disrupting the uterine serosa. This case has 
been named by some authors as “ external ” (or 
“extrinsic”) adenomyosis, connected to lesions of 
deep pelvic endometriosis [ 21 ] extending to the 
uterine myometrium, frequently sparing the endo-
metrial-myometrial junctional zone. The defi nition 
of this form as “external” adenomyosis or DPE 
involving the uterus is still debated; however, it 
practically does not affect therapy. 

 Furthermore, in some cases adenomyosis is 
present in the myometrium completely isolated 
from both the endometrium and the serosa. Such 
a difference would postulate a new hypothesis 
that adenomyosis is composed of multiple het-
erogeneous subtypes [ 22 ]. 

4.2.1     Imaging Features 
of Adenomyosis 

4.2.1.1     Ultrasonography 
 The transvaginal ultrasonography (TVUS) is 
usually the fi rst-line investigation in cases of sus-
pected adenomyosis. The transabdominal ultra-
sonography has a poor sensitivity (53–89 %) but 
a good specifi city (97 %). The combination of 
transabdominal and transvaginal ultrasonogra-
phy (TVUS) increases the diagnostic accuracy. 

  The direct signs  of adenomyosis are:
    1.    Anechoic subendometrial microcysts in the 

myometrium (2–4 mm) that can be 
 distinguished from vascular images on 
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Doppler sonography because they are not 
 vascularized (pathognomonic sign). This 
 cystic space corresponds to ectopic dilated 
endometrial glands into the myometrium; if 
they are hemorrhagic, their content shows 
greater echogenicity.   

   2.    Inhomogeneous appearance of the  myometrium 
with hyperechoic linear striations (correlated to 
its hypertrophy).   

   3.    Small hyperechoic subendometrial nodules, 
pseudonodular hypoechoic zones with indis-
tinct contours and no mass effect on the 
endometrium.   

   4.    A poorly defi ned or thickened endometrial- 
myometrial junctional zone (JZ).    
   The indirect signs  of adenomyosis are:

    1.    The uterus is enlarged, rounded with regular 
contours.   

   2.    Asymmetric thickening of the myometrium, 
especially in case of focal adenomyosis, 
results from reactive hyperplasia and hyper-
trophy of the smooth muscle fi bers around the 
ectopic endometrial glands.   

   3.    Linear pattern of vascularization on Doppler 
sonography, crossing the myometrium within 
the adenomyosic lesion (opposed to the 
leiomyoma).   

   4.    A poorly defi ned or thickened endometrial- 
myometrial junctional zone (JZ).    

4.2.1.2       Magnetic Resonance 
Imaging (MRI)  

 Pelvic MRI is the second-line investigation, and 
it offers the best performance when there is any 
doubt over diagnosis and in terms of looking for 
any pathology associated with adenomyosis. 

 Pelvic MRI is superior to TVUS in terms of 
sensibility and specifi city for both focal and dif-
fuse adenomyosis. 

 The MRI signs of adenomyosis can be classi-
fi ed into direct and indirect. 

 The  direct MRI signs  of adenomyosis are:
    1.    On T2-weighted images, typical adenomyosis 

appears as an ill-demarcated low-signal- 

intensity area (Fig.  4.1a, c, e, f ), owing to 
abundant smooth muscle proliferation, with or 
without punctuate high-signal-intensity foci 
scattered throughout the lesion or high-signal- 
intensity linear striations extending from the 
endometrium. Hyperintense foci could be 
present on T1-weighted images, more evident 
with fat saturation, corresponding to small 
areas of hemorrhage (Fig.  4.1b, d ).

       2.    An important sign of adenomyosis is the 
presence of subendometrial microcysts, 
related to the presence of endometrial glands 
within the myometrium. MRI reveals round 
cystic foci varying from 2 to 7 mm in diame-
ter, hyperintense on T2-weighted sequence, 
embedded within the myometrium, and usu-
ally located within the JZ. Sometimes, at the 
end of the menstrual period, hemorrhagic 
foci within cystic cavities are recognizable 
and appear as high-signal-intensity spot on 
T1-weighted images owing to the 
T1-shortening effects of methemoglobin. 
This hemorrhagic content is not found rou-
tinely because adenomyotic endometrium, 
like the basalis endometrium, seldom 
responds to hormonal stimuli with cyclic 
changes, but it is less common than in endo-
metriosis. Susceptibility-weighted  imaging 
(gradient echo – GRE sequences) is  sensitive 
for old hemorrhagic foci, which appear as 
spotty signal voids owing to the T2*-
shortening effects of accumulated 
hemosiderin.    
  At diffusion-weighted images, adenomyosis 

has low to intermediate signal intensity, a fi nd-
ing consistent with its benign, non-neoplastic 
nature. Because adenomyosis may show vari-
ous degrees of enhancement after administra-
tion of contrast medium, dynamic study does 
not contribute to diagnostic accuracy. However, 
additional MR angiographic GRE sequences 
are recommended in patients with adenomyo-
sis in whom uterine artery embolization is 
planned. 
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a b
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  Fig. 4.1    Diffuse adenomyosis. Sagittal ( a ,  c ,  f ) and axial 
( e ) T2-weighted FSE images. Sagittal T1-weighted 
FS-GRE image ( b ,  d ).  a  (TR 4670 TE 94),  b  (TR 369, TE 
10). The uterus is markedly enlarged, especially in the pos-
terior portion, with regular contours and a thickened and 
poorly recognizable endometrial-myometrial junctional 
zone (JZ). On T2-weighted images this low-signal- intensity 
area contains multiple small foci hyperintense ( a :  arrow ), 
which represent ectopic endometrial glands and small sub-
endometrial cysts. The high-signal-intensity spots on 
T1-weighted fat-saturated image ( b :  arrowhead ) corre-
spond to multiple area of hemorrhage within the  ectopic 

endometrial tissue.  c  (TR 3870 TE 100),  d  (TR 369, TE 10). 
The uterus is retrofl exed and markedly enlarged in its pos-
terior portion, with hyperintense spots in both T1- and 
T2-weighted images ( black arrow ). These fi ndings are con-
sistent with adenomyosis.  e  (TR 4530 TE 90),  f  (TR 5390 
TE 113). Also in this case the uterus is enlarged, and the JZ 
is thickened. Moreover a heterogeneous hypointense nod-
ule on T2-weighted images is recognizable in the pouch of 
Douglas ( short arrows ), suggestive of deep pelvic endome-
triosis (DPE) location. Obliteration of the fat tissue plan 
and invasion of both the posterior uterine surface and ante-
rior rectosigmoid wall are present       
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  The indirect signs  of adenomyosis are second-
ary to the reactive hyperplasia of the myome-
trium provoked by endometrial invasion and 
include:
    1.    Globular aspect of the enlarged uterus with 

regular contours.   
   2.    Asymmetric thickening of the myometrial 

walls (more common of the posterior wall).   
   3.    Thickening of endometrial-myometrial junc-

tional zone (JZ: Fig.  4.1 ). Generally, a JZ 
thickness of greater than 12 mm is the accepted 
criterion in establishing the presence of adeno-
myosis (JZ ≥12 mm). Also the greatest JZ 
thickness to total myometrium ratio >40–50 % 
is considered [ 23 ]. However,  adenomyosis can 
be excluded if the JZ thickness is 8 mm or less 
[ 24 ]. Anyway, from 20 to 30 % of patients will 

not have a visible or measurable endometrial-
myometrial junctional zone during their repro-
ductive cycle [ 25 ].    

4.2.2        Atypical Morphologic 
Appearances of Adenomyosis 

4.2.2.1     Adenomyoma 
 Adenomyoma is an atypical morphologic appear-
ance of adenomyosis and is rarer than both focal 
and diffuse adenomyosis. It is composed of a 
focal consolidation of adenomyotic glands and 
appears as a poorly defi ned nodular lesion with 
extensive muscular response (Fig.  4.2a, b ). It may 
be intramyometrial, subserosal, and possibly even 
intracavitary. Like adenomyosis,  adenomyoma 

a b c

d e f

  Fig. 4.2    Focal adenomyosis ( a ,  b ). Sagittal T2-weighted 
( a : TR 4070, TE 94) and FS-T1-weighted ( b : TR 629, TE 
10) images. The uterus is anteverted. A focal myometrial 
thickening is recognizable on the anterior uterine wall 
( arrows ). This area is heterogeneously hypointense on 
T2-weighted image, with hyperintense foci on both T1- and 
T2-weighted sequences, fi ndings consistent with focal uter-
ine adenomyosis. Adenomyotic cysts. Two cases. ( c ,  d ) 
Axial T2-weighted FSE MR image ( c : TR 3252, TE 100) 
and axial T1-weighted fat-suppressed image ( d : TR 629, 
TE 10) show a rounded well-defi ned intramyometrial 

lesion ( black arrow ), located near the left uterine horn. This 
lesion shows a very low signal intensity on T2-weighted 
sequence ( c ) and high signal intensity on T1-weighted 
image ( d ), related to its hemorrhagic content. ( e ,  f ) Sagittal 
T2-weighted FSE MR image ( e : TR 4530, TE 90) shows 
another adenomyotic cyst, located in the subserosal layer of 
the anterior uterine wall, with inhomogeneous high signal 
intensity content ( short arrow ) and contextual-dependent 
fl uid-fl uid level ( arrowhead ). This cyst retains high signal 
intensity on T1-weighted fat- suppressed MR image ( f : TR 
328, TE 11), due to its hemorrhagic content       
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usually shows heterogeneous low signal intensity 
on T2-weighted images and may be indistinguish-
able from degenerated leiomyomas and from 
aggressive uterine neoplasms such as uterine sar-
comas. Relatively low signal intensity at diffu-
sion-weighted imaging with high ADC value is 
suggestive of its benign nature.

4.2.2.2        Adenomyotic Cyst 
 Adenomyotic cyst (cystic adenomyosis) is a rare 
variation of adenomyosis that appears as an intra-
myometrial endometrioma-like lesion, hyperin-
tense on T1-weighted images, surrounded by 
adenomyotic tissue with low signal intensity on 
T2-weighted images (Fig.  4.2c–f ). A subserosal 
adenomyotic cyst may mimic an ovarian tumor. 
The fi nding of continuity with the myometrium is 
suggestive of its uterine origin [ 26 ].   

4.2.3     Malignant Transformation 
of Adenomyotic Lesions 

 Malignant transformation of adenomyosis is 
quite rare and may manifest as a predominantly 
intramyometrial mass. Imaging fi ndings of an 
adenomyotic cyst with malignant transforma-
tion are similar to those of an endometrioma 
with malignant transformation. High-signal-
intensity hemorrhagic fl uid in the adenomyotic 
cyst on T1-weighted images may mask the 
enhancement of malignant mural nodules; there-
fore, contrast- enhanced subtraction imaging 
may be useful for detection of malignant trans-
formation. Dynamic contrast-enhanced imaging 
may have greater accuracy than T2-weighted 
imaging when adenomyosis and endometrial 
cancer coexist [ 27 ]. Diffusion-weighted imag-
ing can demonstrate the malignant foci as areas 
of high signal intensity.  

4.2.4     Differential Diagnosis 

 Various benign and malignant conditions may 
mimic adenomyosis: physiologic myometrial 
contraction, myometrial involvement by deep 
pelvic endometriosis, leiomyomas, low-grade 

endometrial stromal sarcoma, and myometrial 
metastases. 

 Transient myometrial contraction is a physio-
logic phenomenon that may mimic focal adenomy-
osis because it determines focal pseudo-thickening 
of the junctional zone. This aspect usually disap-
pears on subsequent images or at cine MR images, 
instead of focal adenomyosis that persists. 

 Myometrial contractions in the pregnant 
uterus are commonly seen and usually do not rep-
resent a diagnostic dilemma. 

 To differentiate physiologic myometrial con-
tractions from focal adenomyosis, rapid 
T2-weighted sequences can be repeated and 
should be correlated with other views. Useful to 
eliminate physiologic uterine contractions is the 
injection of an antiperistaltic drug, if no contrain-
dications are present.   

4.3     Ovarian Endometriosis 

 The most common location of endometriosis is 
the ovary, where small and shallow endometrial 
implants develop, leading to adjacent para- 
ovarian scarring and adhesions. An ovarian 
enlargement could be present, attributable to 
repeated episodes of hemorrhage within a deep 
implant, resulting in endometriosic cysts, also 
defi ned as  endometriomas  (multiloculated cystic 
lesions). They may completely replace normal 
ovarian tissue. From the anatomo-pathological 
point of view, endometriosic cyst walls are gener-
ally thick and fi brotic with common areas of dis-
coloration and dense fi brous adhesions. The cyst 
lining can vary from smooth and pale to shaggy 
and brown. Their contents can be watery or, more 
typically, composed of thick, dark, degenerated 
blood products, depending on the presence and 
dating of bleeding. This appearance is called 
“chocolate cyst.” 

4.3.1     Ultrasonography 

 Pelvic ultrasound (especially TVUS) is the 
method of choice to identify endometriomas, 
defi ned as benign ovarian neoplasms persisting 
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after 3 months. They typically appear as 
 multilocular cysts with diffuse low-level internal 
echoes and hyperechoic foci in their walls 
(Fig.  4.3c ). Internal thin or thick septations may 
be present. However, unilocular cysts were found 
in 43 % of endometriomas. The echogenic wall 
foci differ from true wall nodules because they 
are more echogenic and smaller than malignant 
wall nodules. Although the pathological basis of 
their formation has not been established, it is pos-
tulated that they form as cholesterol deposits 
accumulating in the endometrioma’s wall.

   The endometriomas vary between 30 and 
59 mm in maximum diameter in 81 % of cases. 
The positive predictive value of sonography to 
predict ovarian endometriosis was evaluated at 
75 % when criteria such as diffuse low-level 
internal echoes and absent neoplastic features 
were used [ 28 ]. The color Doppler imaging 
shows the absent fl ow within the lesion. The 
presence of hyperechoic foci alone at the surface 
of the ovary is not a sign for endometriosis. 

  Differential diagnosis  includes ovarian func-
tional cysts, mature cystic teratoma, cystade-
noma, fi broma, tubo-ovarian abscess, and ovarian 
carcinoma. The functional cysts, such as corpus 
luteum or hemorrhagic follicular cysts, will dis-
appear or decrease in size at short-time follow-
 up. Ovarian cancer can be diffi cult to exclude if 

wall irregularities or nodules are present; absence 
of color Doppler fl ux within the cyst helps to 
confi rm the benign nature of the lesion. Whenever 
sonographic features of ovarian masses are 
uncertain or indeterminate, MRI is the imaging 
modality of choice to rule out malignancy.  

4.3.2     MRI Findings 

 Superfi cial peritoneal ovarian endometriosis, not 
visible at TVUS, can be only rarely detected by 
MRI, using fat-suppression techniques, as hem-
orrhagic superfi cial foci [ 2 ]. Their signal inten-
sity is quite variable [ 3 ]. 

 Instead  endometriomas  have typical MRI fea-
tures, and this technique has a sensitivity and 
specifi city reported of 90 and 98 %, respectively, 
in the defi nitive diagnosis [ 29 ]. Endometrioma 
appears as a cystic mass with internal high signal 
intensity on T1-weighted images, also with fat 
suppression (Figs.  4.3 ,  4.4 , and  4.5 ). The walls 
are usually thickened, and, frequently, loss of the 
interface between lesion and adjacent organs is 
present (Fig.  4.3 ).

    Use of chemically selective T1-weighted fat- 
suppressed sequences is mandatory to visualize 
smaller endometriomas and to differentiate endo-
metriomas from mature cystic teratomas 

cba

  Fig. 4.3    “Kissing ovaries” and bowel adhesions due to 
endometriosis. Axial T2-weighted FSE MR image ( a : TR 
4070, TE 94) shows small bilateral ovarian cysts of inter-
mediate signal intensity ( arrows ) and one right-sided ovar-
ian cyst ( short arrow ) with marked “T2-shading effect” 
(low signal intensity). Correspondent axial T1-weighted 
fat-suppressed MR image ( b : TR 351, TE 10) shows bilat-
eral T1-hyperintense endometriomas ( arrows  and  short 
arrow ), confi rming the hemorrhagic nature of the cystic 

content. Adhesions between bilateral endometriomas bring 
the ovaries closer to the midline (“kissing ovaries” sign). 
Furthermore there is tight contact with obliteration of the 
fat tissue plane between ovarian masses and the interposed 
sigmoid colon ( a :  dashed line ), due to adhesions related to 
endometriosis. Transverse transabdominal sonogram ( c ) 
demonstrates the right- sided endometrioma ( short arrow ) 
with diffuse low-level internal echoes and focal wall 
hyperechoic nodularities ( arrowhead )       
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  Fig. 4.4    Large endometrioma ( a ,  b ). Sagittal T2- ( a : TR 
4530, TE 90) and T1-FS-weighted ( b : TR 328, TE 11) 
images show a large adnexal cystic lesion ( arrowheads ) 
with fl uid-fl uid level ( a :  curved arrow ). The dependent com-
ponent appears hyperintense on T1-weighted image with fat 
suppression ( b ) and shows a marked T2-shading effect 
(hypointensity on T2-weighted image). Small endometrio-
mas ( c – f ). Axial T1-weighted FSE MR image ( c : TR 640, 
TE 10) shows multiple small T1-hyperintense cystic lesions 
in the right ovary. Axial T2-weighted FSE MR image ( d : TR 

3652, TE 100) at the same level shows marked T2 shading 
(hypointensity) in the posteromedial cystic lesion of the 
right adnexa ( long arrows ), instead of the anterolateral cyst 
( short arrows ), hyperintense on both T1- and T2-weighted 
images. Furthermore only the anterolateral cyst ( short 
arrows ) presents a restricted diffusion, seen in almost half of 
endometriomas: in the correspondent diffusion-weighted 
MR image obtained with  b  value of 800 s/mm 2  ( e : TR 7198, 
TE 69), it shows high signal intensity ( short arrow ) with low 
signal intensity on the ADC map ( f : TR 7198, TE 69)       
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  Fig. 4.5    Endometriomas ( a ,  b ) Coronal T2-weighted 
FSE ( a : TR 5390, TE 113) and fat-suppressed T1-weighted 
( b : TR 440, TE 4.9) FSE MR images show multiloculated 
adnexal cystic mass with a “coffee bean” appearance 
( curved arrow ). These cystic formations present high sig-
nal intensity on T1-weighted fat-suppressed MR image 
( b ) and marked “T2-shading effect” with consequent 
lower signal intensity than the adjacent functional ovarian 
follicles on T2-weighted image ( a :  short arrow ). Bilateral 
endometriomas ( c ,  d ). Coronal fat-suppressed 
T1-weighted FSE image ( c : TR 597, TE 11) and 
T2-weighted FSE image ( d : TR 3520, TE 89). Bilateral 
endometriomas ( black arrows ), hyperintense on 
T1-weighted sequence, present the typical “shading sign” 
on the T2-weighted image ( d :  black arrows ). Furthermore 
a hypointense functional cyst ( short arrow ) is present in 
the right adnexa and multiple ovarian follicles in the left 

( arrowhead ), both hypointense on T1- and hyperintense 
on the T2-weighted images. ( e – h ) Endometrioma of the 
left ovary. Coronal T2-weighted FSE ( e : TR 5390, TE 
113), axial T1- ( f : TR 493, TE 4.9) and coronal 
T1-weighted with fat suppression ( g : TR 440, TE 4.9) MR 
images show the two ovaries adjacent to the midline (the 
“kissing ovaries sign”). A functional cyst ( short arrow ) 
and multiple ovarian follicles ( arrowhead ) are recogniz-
able in the right ovary, both hyperintense on T2- and 
hypointense on T1-weighted images. In the left ovary an 
endometrioma presents some parietal nodules ( g :  arrow ), 
feature suspected for malignant degeneration. The coronal 
contrast-enhanced T1-weighted fat- suppressed MR image 
( h : TR 3.7, TE 1.3) demonstrates no contrast uptake 
within the parietal nodules ( arrow ), ruling out the suspect 
of malignant degeneration       
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 (hypointense after fat saturation, due to their fat 
content). 

 Gradual decrease of signal intensity at 
T2-weighted image has been described as 
“T2-shading” sign and is due to chronic bleeding 
with high concentrations of iron and protein 
inside the endometriomas (Figs.  4.4a, d  and  4.5a, 
d, e ). Adnexal mass with high signal intensity on 
T1-weighted fat-saturated sequences and signal 
intensity lower than that of simple fl uid on 
T2-weighted images helps to establish a diagno-
sis of endometrioma, with a specifi city greater 
than 90 %. 

 The differential diagnosis with functional 
hemorrhagic cysts is not always simple. The 
functional cysts do not demonstrate (or demon-
strate less) T2-shading sign and disappear at fol-
low- up imaging. Bilaterality and multifocality of 
adnexal lesions, along the other characteristics 
above discussed, can help establish the diagnosis 
of endometrioma. Bilateral endometriomas occur 
in more than 50 % of cases, often associated with 
interovarian adhesions, described as “kissing 
ovaries” sign (Figs.  4.3  and  4.5e–h ). When atypi-
cal features of endometriomas are present, such 
as localized wall thickening, the use of intrave-
nous contrast media is mandatory: the absent 
enhancement confi rms the benign nature of the 
disease. 

 At contrast-enhanced T1 sequences (Fig.  4.5h ), 
the peripheral hypointense rim of the endometri-
oma, representing the thick fi brous capsule, usu-
ally shows intense enhancement. Instead the 
enhancement of solid nodules within a hemor-
rhagic ovarian cyst has been described in case of 
ovarian cancer arising within endometrioma [ 30 ]. 

 Diffusion-weighted imaging (DWI) with 
quantitative assessment of apparent diffusion 
coeffi cient values (ADC) has often been incorpo-
rated into pelvic MR imaging protocols (Fig.  4.4e, 
f ), even though the presence of restricted diffu-
sion and low ADC value within an adnexal lesion 
does not have a high positive predictive value or 
specifi city for the diagnosis of ovarian malig-
nancy. Benign hemorrhagic ovarian cysts, endo-
metriomas, and solid endometrial implants, as 
well as benign mature cystic teratomas, also can 
demonstrate restricted diffusion [ 31 – 33 ]. 

  During pregnancy , increased progesterone 
levels promote hypertrophy of the endometrial 
stromal cells and formation of the vascular decid-
ual lining of the uterus. Endometrial stromal cells 
within endometriomas may also respond to hor-
monal changes forming vascularized mural nod-
ules. Decidualized endometriosis can mimic 
ovarian cancer at US and MR imaging. An MR 
imaging feature specifi c for decidualized endo-
metriosis is the T2 hyperintensity of the mural 
nodules, isointense to the thickened decidualized 
endometrium, and with a broad base. After the 
end of the pregnancy, decidualized endometriosis 
has been reported to either resolve or regress to 
uncomplicated endometriomas (Fig.  4.6 ) [ 34 ].

4.3.3        Malignancies Arising 
in Endometriomas 

 Women with endometriosis are at risk for devel-
oping both clear cell and endometrioid subtypes 
of epithelial ovarian cancer. An estimated 2.5 % 
of women with endometriosis develop an ovarian 
cancer that usually manifests at an earlier stage, 
with a lower grade and a better prognosis than 
ovarian malignancies in women with no endome-
triosis [ 33 ,  35 ]. 

 Endometriosis is one of several benign causes 
of an abnormal cancer antigen 125 (CA-125) 
level; thus, an elevated biomarker value alone is 
not specifi c for endometriosis-associated ovarian 
cancer. 

 The MR imaging features suggestive of malig-
nant endometriomas are the increase in size and, 
more specifi c, the development of enhancing 
mural nodules. 

 Dynamic subtraction MR imaging is useful in 
depicting small contrast-enhanced nodules within 
the hyperintense endometrioma on T1-weighted 
images. Normal adjacent ovarian parenchyma, 
intracystic coagulate, infl ammation, and decidual 
change of the endometrium in an endometrioma 
during pregnancy should be differentiated from 
malignant transformation. The adjacent ovarian 
parenchyma may be mistaken for a 
 contrast- enhanced solid malignant component in 
an endometrioma. An extracystic  crescent-shaped 
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portion, which may contain follicles, is the 
 characteristic fi nding in such cases [ 33 ,  35 ].  

4.3.4     Endometriosis 
of the Fallopian Tubes 

 Endometriosis is a frequent cause of dilated fal-
lopian tubes; 30 % of women with endometriosis 
show tubal involvement at laparoscopy. The fal-
lopian tubes are involved by endometrial implants 
in 6 % and by adhesions in 24 % of cases. 

 Tubal endometriosis can be divided into two 
forms, on the basis of implant location: the  serosal/
subserosal  and the  intraluminal  forms. Both types 
of tubal endometriosis can be either  unilateral or 

bilateral. The most common  serosal  or   subserosal  
endometriosis is characterized by implantation of 
endometrial tissue on the peritoneal surface of the 
fallopian tubes. Recurrent hemorrhages within the 
serosal implants presumably result in fi brosis and 
scarring, leading to peritubal adhesions, obstruc-
tion of the tube, and hydrosalpinx. 

 The  intraluminal endometriosis  is less com-
mon and involves ectopic implantation of endo-
metrium on the mucosal surface of the tube 
lumen. Cyclic hemorrhage of the implants can 
cause distention of the fallopian tube with blood, 
resulting in a hematosalpinx. Hematosalpinx has 
been reported to be one of the indicators of pelvic 
endometriosis, and it may be the only imaging 
fi nding indicative of endometriosis. However, 

a b

c d

  Fig. 4.6    Endometrioma with mural nodule due to decid-
ual reaction of pregnancy ( a – d ). Axial T1-weighted ( a : 
TR 642, TE 10), FS-T1-weighted ( b :TR 5,8 TE 2,8), and 
T2-weighted images ( c ,  d : TR 4251, TE 100) of a preg-
nant woman show an enlarged gravidic uterus ( curved 
arrows  due to decidual reaction due to pregnancy) and a 
hyperintense cystic lesion ( arrows ) in the right ovary. In 
the posterior part of this cystic formation, a mural nodule 

( arrowheads ) is visible, hypointense on the T1-weighted 
images, and hyperintense on the T2-weighted sequence. It 
is a decidualized endometriosis location, related to the 
hypertrophy of the endometrial stromal cells in the endo-
metrioma. It was due to the increased progesterone levels 
during pregnancy, and it completely regressed on the MRI 
images obtained 6 weeks postpartum, when only the 
endometrioma remained visible       
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hematosalpinx is not specifi c for endometriosis 
and may have other causes, such as tubal preg-
nancy, tumors, and tubal torsion. So an accurate 
assessment of the patient’s history is important. 

 Hematosalpinx appears on MRI as a hyperin-
tense distention of the fallopian tube on fat- 
saturated T1- and T2-weighted images (Fig.  4.7 ). 
Low T2 signal intensity (T2-shading sign), often 
seen in endometriomas, is not characteristic of 
tubal endometriosis, maybe because tubal dila-
tion is most commonly secondary to serosal/sub-
serosal endometrial implants [ 32 ,  36 ,  37 ].

4.4         Deep Pelvic Endometriosis 

 Deep pelvic endometriosis (DPE) is defi ned as a 
subperitoneal invasion that exceeds 5 mm in 
depth in the retroperitoneal space or in the pelvic 
organ wall. DPE affects more frequently the 

 rectovaginal septum and the uterosacral  ligaments 
(69.2 %), vagina (14.5 %), alimentary tract 
(9.9 %), urinary tract (6.4 %), and other extra-
peritoneal pelvic sites [ 38 ]. 

 From a clinical point of view, although perito-
neal endometriosis can be asymptomatic, DPE is 
symptomatic in up to 75 % of cases. The symp-
toms are not specifi c, so an early diagnosis is a 
major challenge, as it can help to avoid mutilat-
ing surgery, enhance fertility, and improve qual-
ity of life [ 39 – 41 ]. 

 From a pathological point of view, the endo-
metrial glands and stroma infi ltrate the adjacent 
fi bromuscular tissue and elicit smooth muscle 
proliferation and fi brous reaction, with the devel-
opment of solid tissue and nodules. In visceral 
organs the implants adhere to the serosal surface 
and can invade the muscular layers, eliciting 
smooth muscle proliferation, with consequent 
strictures and obstructions. 

a b c

d e f

  Fig. 4.7    Extensive deeply infi ltrating endometriosis 
involving the urinary system. Sagittal ( a ,  f ) and coronal 
( c ) T2-weighted MR images (TR 4670, TE 94). Sagittal 
( b ,  e ) and coronal ( d ) T1-weighted fat-suppressed images 
(TR 369, TE 10). A deep pelvic lesion involves both the 
anterior and the posterior pelvic compartment; it is located 
over the bladder dome ( a ,  c :  arrows ) with obliteration of 
the vesicouterine pouch ( extrinsic bladder endometrio-
sis ). Also the distal portion of the left ureter is encased by 

the endometriosic lesion, with an upstream ureteral dilata-
tion ( a ,  b :  short arrows ). Intralesional small hyperintense 
foci on T1-weighted images ( d ,  e :  arrowheads ) represent 
microhemorrhages in the ectopic endometrial glands. 
Bilateral hematosalpinx ( tubal endometriosis: curved 
arrows ), more evident on the right fallopian tube, coex-
ists. Also obliteration of the pouch of Douglas and infi ltra-
tion of the anterior rectal wall ( f :  black arrow ) are 
present       
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4.4.1     Diagnosis 

 Laparoscopy represents the gold standard in 
diagnosing and treating endometriosis because it 
provides a direct visualization of lesions that con-
duct to the most conservative surgical approach. 
However the laparoscopy cannot reach the sub-
peritoneal plane, especially in presence of deep 
pelvic lesions with extensive adhesions and cul-
de- sac obliteration. Because the standard treat-
ment for DPE is complete surgical excision, 
presurgical diagnosis and accurate knowledge of 
location of the lesions are essential prerequisites 
for successful outcome. So in the preoperative 
assessment, a complete depiction of all pelvic 
planes with panoramic imaging techniques is 
extremely important. Several techniques have 
been used, including transabdominal, transvagi-
nal, and transrectal ultrasonography (US), rectal 
endoscopic sonography, DBCE computed tomog-
raphy (CT), and magnetic resonance (MR) 
imaging. 

4.4.1.1     Ultrasonography 
 Transabdominal and transvaginal ultrasonogra-
phy (US) is usually the fi rst imaging technique 
used to diagnose endometriosis. The diagnosis of 
endometriomas and bladder endometriosis is reli-
able; recent studies have emphasized their role 
also in identifying deep endometriosis, especially 
when located in the rectal wall and retrocervical 
space [ 42 ]. However, their accuracy may vary 
depending on the lesions’ location and the opera-
tor’s experience. 

 Rectal endoscopic US with high-frequency 
probes has been recommended for diagnosing the 
depth of rectal wall infi ltration [ 43 – 45 ], but it has 
poor penetration for the detection of other pelvic 
lesions, due to its small fi eld of view. As in 
women with intestinal lesions, unifocal isolated 
localization accounts for only 21 % [ 46 ], and the 
ideal imaging method should be able to diagnose 
at least the associated pelvic lesions.  

4.4.1.2     Double-Barium Contrast 
Enema (DBCE) 

 Double-barium contrast enema (DBCE) is rap-
idly available and low cost [ 47 – 50 ], and it has 

already been described as a valuable imaging tool 
in the preoperative diagnosis and quantifi cation 
of bowel wall infi ltration by endometriosic 
lesions. It demonstrates the extrinsic mass effect 
with the mucosal fi ne crenulation (Fig.  4.8f ) and, 
if present, the stenosis of the lumen, fi ndings 
highly suggestive of the presence of bowel 
endometriosis.

4.4.1.3        Multidetector Computed 
Tomography (MDCT) 

 MDCT has higher spatial resolution than MRI, 
but it involves radiation exposure and iodinated 
contrast medium administration to women of 
reproductive age, without the characterization of 
the hemoglobin degradation products, as MRI 
permits. MDCT identifi es only aspecifi c signs, 
and it is generally employed in the acute compli-
cations of endometriosis, such as intestinal occlu-
sion (Fig.  4.11f ).  

4.4.1.4     Magnetic Resonance 
Imaging (MRI)  

 MR imaging demonstrates high accuracy in the 
evaluation of DPE [ 19 ] and permits a complete 
survey of the anterior and posterior compart-
ments of the pelvis. It is a noninvasive method 
with high spatial resolution and good tissue 
characterization. 

 The MRI diagnosis of DPE is established by 
the coexistence of  signal intensity abnormality  
and  morphologic abnormalities  [ 19 ]. 

 The  signal intensity  of DPE lesions is strictly 
related to the anatomo-pathological features. The 
acellular regions of fi brous tissue and smooth 
muscle proliferation have intermediate signal 
intensity on T1-weighted MR images and low 
signal intensity on T2-weighted images [ 51 ]. So 
the solid endometriosic lesions appear as hypoin-
tense masses on T2-weighted images with irregu-
lar indistinct or stellate margins, or as irregular 
hypointense soft tissue thickening, with or 
 without nodular aspect. In particular, the involve-
ment of such structures as uterosacral ligaments 
(USLs) and vaginal, rectal, or bladder walls may 
be suspected when they have a hypointense thick-
ened, with or without nodular appearance on 
T2-weighted images [ 52 ]. 
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 The presence of punctate foci of high signal 
intensity on T1-weighted images, more evident 
in the fat-suppressed sequences (Figs.  4.7d, e  and 
 4.8e ), represents regions of hemorrhage, because 
the ectopic endometrium responds to hormonal 
stimulation like basal endometrium. These hem-
orrhagic foci, hyperintense on T1-weighted 
images, may be distinguished from fl ow-related 
phenomena in the pelvic venous system. 

 Moreover intermingled hyperintense foci on 
T2-weighted images may be visible, for the pres-
ence of dilated ectopic endometrial glands 
(Figs.  4.7a  and  4.9a ).

   Some masses of endometriosis are composed 
of a large proportion of glandular material with 
little fi brotic reaction, resulting in high-signal- 
intensity masses on T2-weighted images. 

 DPE can affect the anterior or the posterior 
compartment. The less frequently encountered 
anterior DPE is characterized by endometrial 
implants located anterior to the uterus [ 31 ], 
instead of the more frequent posterior DPE, char-
acterized by lesions located posterior to the uterus. 

 The  morphologic abnormalities  vary accord-
ing to the anatomic locations of endometriosis in 
the posterior and anterior compartment.    

4.5     Endometriosis of the Anterior 
Compartment 

 It includes endometrial implants within the vesi-
couterine pouch, vesicovaginal septum, bladder 
(detrusor muscle), ureters, urethra, and, more 

a
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  Fig. 4.8    Deep pelvic endometriosis (DPE). Two cases. 
( a – c ) Axial ( a ), sagittal ( b ), and coronal ( c ) T2-weighted 
FSE images (TR 4670, TE 94) show a endometriosic 
lesion with stellate morphology ( curved arrow ), dishomo-
geneously hypointense, involving the left torus uterinus, 
the homolateral uterosacral ligament, the posterior wall of 
the uterine cervix and the anterior wall of the rectum 
( arrowhead ). An obliteration of the Pouch of Douglas is 
present, with speculated low-signal-intensity strandings 
that obscure organ interfaces (adhesions). ( d – f ) Sagittal 

T2-weighted FSE images ( d : TR 4670, TE 94), 
 fat- saturated T1-weighted image ( e : TR 369, TE 10) and 
double-barium contrast enema (DBCE:  f ). The lesion 
( arrows ) presents some hemorrhagic components, hyper-
intense on T1-weighted images. It involves the posterior 
uterine wall and the above bowel with obliteration of the 
fat tissue plan between them. The involvement of the sig-
moid colon is confi rmed by the DBCE ( e ): it presents a 
focal irregular mucosal fi ne crenulation ( black arrow ) and 
a mild luminal stenosis       
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rarely, in the anterior pelvic wall (discussed in the 
 unusual locations ). 

 Endometriosis of the urinary tract is associ-
ated with lesions in other pelvic locations in up to 
50–75 % of cases; it represents 0.2–2.5 % of all 
cases of endometriosis, with a frequency ratio of 
40:5:1 for the bladder, ureters, and kidneys, 
respectively. 

 It has been showed that patients with ureteral 
and bladder endometriosis have more advanced 

stages of the disease (stages III and IV according 
to the 1996 American Society of Reproductive 
Medicine criteria) than patients without urinary 
system involvement.
•     Vesicouterine pouch  lesions are characterized 

by hypointense tissue on T2-weighted images, 
with or without nodular appearance, located on 
the anterior uterine surface, forming an obtuse 
angle with the vesical wall (Figs.  4.7a–c  and 
 4.9d ). The resulting extensive adhesions 

a b

c d

  Fig. 4.9    Intrinsic bladder endometriosis ( a – d ). Coronal ( a ) 
and sagittal- ( d ) T2-weighted FSE MR images (TR 5390, 
TE 113); coronal fat-suppressed T1-weighted FSE image 
( b : TR 493, TE 4.9). A well-defi ned nodule is recognizable 
in the supero-posterior bladder wall ( arrows ); it infi ltrates 
the bladder’s dome and projects into the lumen ( intrinsic 
endometriosis ). On T1-weighted image ( b ), small-inter-
mingled hyperintense foci are present within the nodule 
( arrowhead ), fi nding consistent with bloody content within 
the ectopic endometrial glands. This aspect is crucial for the 

differential diagnosis between bladder endometriosis and 
bladder cancer. The excretory urographic study ( c ) shows 
the corresponding fi lling defect on the bladder’s dome 
( curved arrow ); this radiographic appearance is nonspecifi c 
for intrinsic bladder endometriosis and requires endoscopy 
and biopsy to rule out malignancy. Endometriosis of the 
posterior compartment coexists ( d :  dashed circle ), with 
partial obliteration of the pouch of Douglas, infi ltration of 
the posterior uterine surface and of the anterior rectosig-
moid wall ( deep pelvic endometriosis )       
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between the peritoneum of the bladder fold 
and the uterus determine antefl exion of the 
uterus and obliteration of the vesicouterine 
pouch with the disappearance of the intervesi-
couterine fat [ 53 ]. 

 The diagnosis is easier when the lesion is 
nodular, whereas it could be more diffi cult in 
case of plaque-like lesion [ 54 ].  

•    Bladder  endometriosis can be seen at MRI as 
localized or diffuse hypointense thickening of 
the vesical wall on T2-weighted images with 
irregular margins that replaces the normal sig-
nal of detrusor muscle (Figs.  4.7  and  4.9 ). 
Eventually, intermingled hyperintense foci 
may be observed on T2-weighted (Fig.  4.7a, c ) 
and T1-weighted fat-suppressed (Fig.  4.7d, e ) 
images, fi ndings that correspond to the dilated 
endometrial glands and blood content, 
respectively. 

 The endometriosic implants of the bladder 
are more frequently confi ned to the serosal 
surface (“extrinsic” involvement: Fig.  4.7 ), 
but they can infi ltrate the muscular layer 
appearing as mural masses projecting into the 
lumen (“intrinsic” involvement: Fig.  4.9 ) [ 3 ]. 

  Differential diagnosis:  bladder endometri-
osis, appearing as localized wall thickening 
with occasional protrusion inside the bladder 
lumen, mimics bladder cancer [ 55 ]. Subserosal 
anterior leiomyoma of the uterus with extrin-
sic compression of the bladder is another dif-
ferential diagnosis. The presence of 
intralesional hyperintense foci on T1-weighted 
images helps in the differential diagnosis.  

•   The  ureteral  involvement is usually unilat-
eral, in its pelvic portion, and it is more fre-
quently extrinsic (75–80 %) with endometrial 
tissue originating from adjacent structures 
that compress the ureter from the outside or 
that invade the adventitia and the surround-
ing connective tissue. The intrinsic involve-
ment of the ureters is more rare (20–25 %) 
and is characterized by the presence of endo-
metrial tissue in the muscular and/or muco-
sal layer of the ureter [ 56 ]. Ureteral 
endometriosis appears as irregular hypoin-
tense nodules on T2-weighted images with 
obliteration of the fat tissue plan between 

nodule and ureter (Fig.  4.10d ). Retractile 
adhesions may be  visible as periureteral 
hypointense lines with angular deviation. 
Ureteral involvement may result in luminal 
narrowing with upstream dilatation of the 
ureter (Figs.  4.7a, b  and  4.10a, b ), hydrone-
phrosis, and impairment of renal function, 
observed in up to 30 % of cases [ 57 ]. 
Findings at intravenous pyelography or MR 
urography are nonspecifi c and usually cor-
respond to hydronephrosis with a stricture of 
the distal ureter. It is important to identify 
the ureter’s involvement because it requires 
ureteral diversion or reimplantation surgery, 
with the presence of the urologist needed 
during surgical treatment.

•      The  vesicovaginal septum  can be affected 
with a cystic lesion that resembles an 
endometrioma.  

•    Urethral  endometriosis usually develops as 
contiguous extension from bladder lesions, 
while isolated forms are not reported in litera-
ture [ 53 ].     

4.6     Endometriosis of the Posterior 
Compartment 

 It can involve the pouch of Douglas, the torus 
uterinus, the uterosacral ligaments (USLs), the 
vagina, the posterior vaginal fornix, the rectovag-
inal septum, and the bowel wall.
•    Deep solid lesions involving the  pouch of 

Douglas  usually appear as ill-defi ned, hypoin-
tense tissue thickening on T2-weighted 
images, with possible hyperintense foci on 
T1-weighted sequences, refl ecting the blood 
content (Fig.  4.8e ). A partial or complete cul-
de- sac obliteration can occur [ 58 ].  

•   The  torus uterinus  is a small transverse thick-
ening that binds the insertion of both USLs on 
the posterior wall of the uterus. It is not clearly 
visible at MRI in absence of pathological 
thickening; it is frequently involved in endo-
metriosis appearing as a mass or a thickening 
in the upper middle portion of the posterior 
cervix (Figs.  4.8a  and  4.10d ), forming an arci-
form abnormality. Uterine retroversion or 
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angular rectal attraction is often associated, 
refl ecting the fi brotic component [ 59 ].  

•   The  uterosacral ligaments (USLs)  are  normally 
visible at MR imaging as thin semicircular 
hypointense cords that originate from the lat-
eral margin of the uterine cervix, directed 
dorso-cranially toward the sacrum. Normally, 
if visible, they appear thin and regular. When 
the USLs are involved by  endometriosis, more 

frequently in their  proximal part, their fi brotic 
thickening or the presence of a nodule within 
the ligaments, with regular or stellate margins 
(Figs.  4.8a  and  4.10d ), makes the ligaments 
palpable at physical examination. False-
negative or  false-positive results are possible 
when a retrofl exed uterus, adhesions, or endo-
metriomas mask the origin or the proximal part 
of the USL or in case of  frozen pelvis [ 60 ]. 

a b
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  Fig. 4.10    Deep pelvic endometriosis involving the left 
ureter. Coronal ( a ,  c : TR 4670, TE 94) and axial ( d : TR 
4070, TE 94) T2-weighted images; magnetic resonance 
urography ( b : T2-haste thick slab, TR 6000, TE 754). 
There is a dilation of the left ureter and calyceal system 
( a ,  b ) caused by a deep infi ltrating lesion located in the 

posterior pelvic compartment ( c ,  d :  black arrows ). The 
distal portion of the left ureter ( d :  arrowhead ) is encased 
by the endometriosic lesion, with an upstream dilation of 
the urinary system. The lesion is poorly marginated, pres-
ents a stellate morphology, and involves also the posterior 
uterine surface and the anterior bowel wall       
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Furthermore, thickened USLs due to 
 endometriosis may be distinguished from the 
consequences of preview surgery.  

•    Rectovaginal septum (RVS)  lesions account 
for 10 % of cases, and they consist of a nodule 
or a mass that passes through the lower border 
of the posterior lip of the cervix with attrac-
tion of the vaginal fornix. RVS lesions are 
usually associated with cul-de-sac obliteration 
and are, in most cases, secondary to involve-
ment of the peritoneum of the pouch of 
Douglas. This is related to the embryogenetic 
origin of the RVS that originates from the 
fusion of the two layers of the peritoneal cul-
de- sac extending downward between the rec-
tum and the vaginal wall to the level of levator 
ani muscle.  

•   The involvement of the  cervix  appears as a 
thickening or a mass, hypointense on 
T2-weighted images, obliterating the poste-
rior vaginal or cervical wall (Figs.  4.7f  and 
 4.8a, b ). Errors can occur, especially in case of 
retrofl exed uterus or frozen pelvis. The retro-
cervical area is a virtual extraperitoneal space 
behind the cervix, situated above the recto-
vaginal septum. Here the  posterior vaginal 
fornix  is the larger recess located posterior to 
the cervix, and normally it appears as a curved 
regular cavity. Its involvement in endometrio-
sis account for 65 % of cases and appears as 
an upward attraction of the vaginal fornix 
toward the lesion [ 38 ].  

•   The  parametrium  consists of connective tissue 
forming a sheet containing the blood vessels, 
the ureter and the inferior hypogastric plexus, 
extending from the lateral surface of the cer-
vix and vagina to the lateral pelvic wall in the 
frontal plane [ 61 ,  62 ]. Signs of parametral 
involvement are the presence of a low-signal- 
intensity area in the paracervical or paravagi-
nal region on T2-weighted images and a pelvic 
wall or ureteral involvement [ 63 ].  

•   5–27 % of women with pelvic endometriosis 
present  intestinal  localizations. The bowel 
endometriosis most commonly affects the rec-
tosigmoid junction (70–85 %) [ 3 ,  64 ]. Less 
frequent sites are the appendix, cecum, and 
distal ileum [ 3 ,  65 ].    

 The implants are usually superfi cial, localized 
to the serosa on the antimesenteric edge of the 
bowel, but they can erode the subserosal layers, 
causing thickening and fi brosis of the muscularis 
propria. The implanted tissue only rarely invades 
the mucosa that is almost always intact; this is 
why the colonoscopy is often false negative. In 
response to cyclic hemorrhage, an infl ammatory 
response can cause adhesions, bowel strictures, 
and gastrointestinal obstruction. 

 To identify the intestinal lesions in the MRI 
study, we considered both  direct  and  indirect  
signs. The  direct  signs consist of parietal nodules 
or plaques with low signal intensity on 
T2-weighted images and high signal foci on 
T1-weighted images (Figs.  4.7f  and  4.8 ). The 
 indirect  signs include adhesions between the 
lesion, uterus, and/or adjacent organs (Fig.  4.3 ) 
with strands of hypointense tissue on T2-weighted 
images in the pelvic adipose tissue, abnormal 
angulations of bowel loops, and retroverted fi xa-
tion of the uterus with obliteration of the poste-
rior cul-de-sac (Figs.  4.7 ,  4.8 ,  4.9d , and  4.10c, d ) 
[ 58 ]. 

 The presence of hypointense parietal thicken-
ing on T2-weighted images (Figs.  4.7f  and  4.8b ), 
with or without intermingled hemorrhagic foci 
hyperintense on T1-weighted images, causes the 
disappearance of the hypointense signal of the 
anterior bowel wall and obliteration of the fat tis-
sue plan. In most cases, the rectum is attracted 
toward the torus uterinus with involvement of the 
USL and obliteration of the cul-de-sac. 

 MR imaging has a good sensitivities and spec-
ifi cities, of 76.5–88.3 % and 76–80 %, respec-
tively, in the diagnosis of rectosigmoid colon 
involvement [ 19 ,  42 ,  66 ,  67 ]. 

 There is not consensus concerning the indica-
tions of gadolinium administration in the diagno-
sis of DPE. Use of contrast-enhanced MRI is 
primarily required to identify solid enhancing 
nodules in the endometriosic cysts, when malig-
nant transformation is suspected. Contrast 
medium is also useful to defi ne the extent of 
glandular tissue, fi brosis, and active infl amma-
tory reaction [ 38 ] incited by micro- or macro-
scopic endometrial implants. However 
gadolinium is usually not administered because 
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implants of DPE can enhance, but it is neither 
sensitive nor specifi c [ 68 ]. Furthermore, an accu-
rate preoperative evaluation of endometriosis 
extension has been demonstrated even without 
use of contrast agent [ 69 ,  70 ]. 

 Opacifi cation of rectum with air [ 64 ], water 
enema [ 71 ], or US gel [ 70 ] improves diagnostic 
capabilities of pelvic MRI, because it reaches a 
better contrast between the lumen and the wall of 
the rectus and a better delineation of the recto-
vaginal septum [ 43 ,  70 ]. Anyway with the MRI 
study, it is diffi cult to determine the depth of 
bowel wall infi ltration and to differentiate lesions 
limited to the serosa from lesions that invade the 
muscular wall. 

  Differential diagnosis:  radiographic fi ndings 
of intestinal endometriosis may mimic a colon 
carcinoma as endometriosis causes marked over-
growth of the external muscular layer, producing 
an eccentric or a circumferential lesion, with 
crenulated appearance at BDCE. Unlike colonic 
carcinoma, endometriosis does not cause muco-
sal ulceration, and the mucosa is intact. 
Furthermore, the US and CT appearance are 
nonspecifi c, and they do not help in the differen-
tial diagnosis. MRI is a good tool in the differen-
tiation between tumors and endometriosis in 
selected cases, thanks to the peculiar MRI signal 
intensity of endometriosic implants [ 72 ]. The 
differential diagnosis of the gastrointestinal 
implants includes also metastatic disease, in par-
ticular drop metastasis from an upper abdominal 
malignancy.  

4.7     Complications 
of Endometriosis 

 The endometriosic implants can lead to a number 
of complications. 

  Adhesions  represent a very common and clini-
cally important complication and can result in 
intestinal obstruction (Fig.  4.11f ). They occasion-
ally can be identifi ed on MRI as speculated low-
signal-intensity strandings that obscure organ 
interfaces (Figs.  4.7a ,  4.8a ,  4.9d , and  4.10c, d ). 
Indirect signs of adhesions include angulation of 
bowel loops (Fig.  4.9d ), too large changes in 

bowel diameter with peritoneal  nodules, fi xed 
posterior displacement of uterus and ovaries, ele-
vation of the posterior vaginal fornix, loculated 
fl uid collections, and hydrosalpinx [ 3 ].

    Frozen pelvis  is due to the extension of endo-
metriosis to multiple adjacent pelvic structures, 
with a block of tissue that simulates a carcinoma 
[ 19 ]. Rupture of an endometrioma can lead to 
 hemoperitoneum. Ascites  can be a consequence 
of the rupture of endometriosic implant and sub-
sequent peritoneal irritation.  Adnexal torsion  can 
be due to an endometrioma acting as a leading 
mass [ 73 ].  Malignant transformation  is rare 
(<1 % cases of endometriosis), and long-standing 
ovarian endometrioma is most likely to undergo 
this change rather than extraovarian endometrio-
sis [ 33 ,  35 ]. In fact, 75 % of malignant transfor-
mation arises from ovary and only 25 % from 
extraovarian lesions (endometrioid tumors and 
sarcomas) (Fig.  4.12 ).

4.8        Rare Locations 
of Endometriosis 

 Although extrapelvic endometriosis has been 
reported to affect almost all organs except the 
heart and the spleen, the most frequent location is 
in the abdominal wall [ 74 ]. 

4.8.1     Parietal Endometriosis 

 The principal risk factor for parietal endometrio-
sis is antecedent abdominopelvic surgery [ 75 –
 77 ], due to the iatrogenic seeding of endometrial 
cells within the scar tissue. 

 Parietal endometriosis of the abdomen is a 
rare fi nding, described in the rectus abdominis, 
umbilicus, sites of hysterectomy or cesarean 
scars, and puncture sites of amniocentesis or tro-
car for laparoscopy [ 75 ,  78 ,  79 ]. Solid endome-
triosis developing in  cesarean section scars , after 
cesarean section, appears with hemorrhagic sig-
nal intensity in the context of the myometrium 
along the surgical scar (Fig.  4.11a, b ) [ 80 ]. 
Endometriosis occurring on  episiotomy scars  has 
very a similar pathophysiology [ 81 ].  
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4.8.2     Inguinal Endometriosis 

 It is more frequently located through the canal of 
Nuck, which, if patent, creates a communication 
between the peritoneal cavity and the inguinal canal 
[ 82 ]. The canal of Nuck is an embryological rem-
nant of the peritoneovaginal canal; in women the 
round ligament extends toward the subcutaneous tis-
sue in this canal up to the labia majora. Endometriosis 
locations in the canal of Nuck are extremely rare and 
appear on MRI as fi brohemorrhagic lesions in prox-
imity to the inguinal ring (Fig.  4.13c, d ). In these 
cases, the clinical  presentation is pathognomonic 

with a palpable inguinal mass intermittently painful 
 following the menstrual cycle [ 83 ,  84 ]. The intra- 
and extraperitoneal portion of the round ligament, 
hernia sacs, and postoperative scars of the abdomi-
nal wall has been cited as regions of endometrial 
involvement in the groin.

4.8.3        Round Ligament 
Endometriosis 

 The round ligaments of the uterus originate at the 
uterine horns, where the uterus and the  uterine 

a b c

d e f

  Fig. 4.11    Unusual locations. Endometriosis of the cesar-
ean scar ( a ,  b ). Sagittal T2-weighted FSE images ( a : TR 
4670, TE 94) and T1-weighted FS-GRE image ( b : TR 
369, TE 10). Woman with previous cesarean section pres-
ents an endometriosic lesion ( arrowheads ) in the context 
of the myometrium, along the surgical scar. This lesion 
presents hyperintense foci on the T1-FS-weighted image, 
due to its hemorrhagic content. Diaphragmatic location 
( c : TR 541, TE 6.3). A millimetric hyperintense nodule on 
T1-weighted FS-GRE image ( arrow ) is recognizable on 
the right emidiaphragm, over the liver. ( d ,  e ) 
Diaphragmatic/hepatic locations. In this patient the right 
emidiaphragm is focally irregular and thickened ( arrow ) 

due to previous surgery for endometriosic location. In this 
site a multiloculated lesion, hyperintense on the T2- ( d : 
TR 1300, TE 88) and T1-weighted ( e : TR 761, TE 5.9) 
images is recognizable. The anatomo-pathological exami-
nation after surgery demonstrated was an endometriosic 
lesion. MDCT technique axial image after intravenous 
contrast medium administration during portal phase ( f ) of 
a patient with endometriosis and bowel occlusion. The 
small bowel is dilated by fl uid, and solid tissue is recog-
nizable on the right fl ank ( curved arrow ). The patient 
underwent surgery, and the solid tissue was demonstrated 
as endometriosic lesion adherent to bowel walls, causing 
occlusion       
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  Fig. 4.12    Malignant transformation in endometriosis. 
Sagittal ( a : TR 3857, TE 100) and axial ( b : TR 3652, TE 
100) T2-weighted MR images show a cervical lesion in 
the posterior fornix ( arrows ) in a patient with endometrio-
sis of the posterior compartment ( curved arrows ). It 
exhibits enhancement on the T1-weighted image after 

contrast medium administration ( c ,  d : TR 5.8, TE 2.8), 
and it shows restricted diffusion on diffusion-weighted 
( b  = 1,000 s/mm 2 ) images ( e ) and apparent diffusion coef-
fi cient (ADC) maps ( f ). Also a subserosal leiomyoma of 
the posterior uterine wall is recognizable ( arrowheads )       
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tube meet. These ligaments pass through the 
inguinal canals and enter the labium majus. The 
function of the round ligament is to maintain the 
anteversion of the uterus. Endometriosis of the 
round ligaments, either in their intra- or extra-
peritoneal portions, is a rare event (0.3–0.6 %) 

[ 85 ]. It is located on the right side in more than 
90 % of cases, probably due to the barrier to the 
menstrual fl ow refl ux provided by the sigmoid 
colon on the left side [ 86 ]. On MRI, the round 
ligaments are thin structures with a fi brous signal 
intensity, anterior to the external iliac vessels. 

  Fig. 4.13    Unusual locations. ( a ,  b ) Endometriosis of the 
ischiatic foramen. Coronal T2- ( a : TR 5390, TE 113) and 
FS-T1-weighted ( b : TR 369, TE 10) images. Woman with 
catamenial sciatica presents an endometriosic lesion in the 
ischiatic foramen ( arrows ), markedly hyperintense on 
T1-weighted sequence ( b ). ( c ,  d ) Endometriosis of the 
nuck canal. Coronal T2- ( c : TR 5390, TE 113) and axial 
FS-T1-weighted ( d : TR 822, TE 4.9) images. Woman 
with a painful palpable right inguinal mass presents a 
lesion near the right inguinal ring ( curved arrow ), 

 multiloculated, with hemorrhagic content, hyperintense 
on T1- and T2-weighed images. It is an endometriosic 
location in the Nuck canal, where the round ligament 
extends toward the subcutaneous tissue. The round liga-
ment is not involved. ( e ,  f ) Endometriosis of the right 
round ligament. Axial T2- ( e : TR 5130, TE 108) and 
T1-weighted ( f : TR 550, TE 9.3) images. The right round 
ligament appears thickened ( arrowhead ), irregular, 
hypointense in all pulsed sequences due to its fi brous 
thickening           

a b

c d
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Fig. 4.13 (continued)

When involved by endometriosis, they appear as 
thickened, irregular, and with or without nodular 
appearance (Fig.  4.13e, f ).  

4.8.4     Sciatic Nerve Endometriosis 
(Cyclical Sciatica) 

 Cyclic sciatica due to implantation of  endometrial 
tissue in the sciatic nerve in the region of the sci-
atic notch is a very unusual form of sciatica. It 
manifests as cyclic episodes of pain in the distri-
bution of the sciatic nerve that coincide with 
menstruation. If not treated, a sensorimotor 
mononeuropathy of the sciatic nerve can develop 
[ 87 ]. MR imaging may show a focal mass-like 
lesion centered around the sciatic nerve, com-
monly in the area of the greater sciatic notch. 
This mass-like lesion often exhibits high signal 
intensity on T1-weighted images (more evident 
in the fat-suppressed T1-weighted images) and 
mixed signal intensity on T2-weighted images, 
depending upon the quantity, age, and proportion 
of hemorrhagic tissue (Fig.  4.13a, b ).  

4.8.5     Hepatic Endometriosis 

 Liver involvement by endometriosis is rare. Only 
18 cases are reported in the English literature. 

The pathogenesis is unknown; the blood/lym-
phatic dissemination, similar to the cancer 
 metastasis, is the presumed pathway for 
 intraparenchymal hepatic lesions [ 88 ,  89 ]. The 
imaging features of hepatic endometriosis are 
variable and depend on its response to the hor-
monal changes during menstrual cycles [ 90 ]. 
There is no magnetic resonance imaging (MRI)-
specifi c characteristics, but most commonly it 
presents as well-defi ned lobulated cystic lesions 
(Fig.  4.11d, e ) with possible solid components 
and septations [ 91 ,  92 ].  

4.8.6     Thoracic Endometriosis 
( Diaphragm, Pleura, 
Pericardium, and Lung ) 

 Endometriosis of the thorax is a clinical entity 
that includes the presence of ectopic endometrial 
tissue in the  diaphragm , in the  pleura , and rarely 
in the  pericardium. Diaphragmatic endometriosis  
is a rare entity, often asymptomatic, in up to 90 % 
of cases associated with severe pelvic endometri-
osis. The most plausible theory about this condi-
tion is based on retrograde menstruation and 
subsequent transportation of viable cells in perito-
neal fl uid from the pelvis up the right paracolic 
gutter to the right hemidiaphragm. Here the cells 
are blocked by the falciform ligament and 
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 infi ltrate the right half of the muscle and then the 
left side, thus demonstrating its asymmetric distri-
bution on the diaphragm. The lesions may be hide 
behind the right hepatic lobe ( perihepatic endo-
metriosis:  Fig.  4.11c–e ). Catamenial pneumotho-
rax is the most common clinical expression [ 93 ].  

4.8.7     Nasal Mucosa Endometriosis 

 It is an exceptional localization (two cases 
reported in the literature). The clinical symptoms 
are catamenial nasal tumefaction, pain, and 
 epistaxis, and the endoscopic biopsy allows the 
diagnosis [ 94 ,  95 ].      
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5.1            Pathology, Vascularization, 
and Symptoms 

 Fibroids, also known as leiomyomas or myomas, 
are the most common benign neoplasms of the 
uterus, which arise from one smooth muscle cell 
of the myometrium (Fig.  5.1 ). They are well- 
defi ned masses in the myometrium of the uterus, 
once surrounded by a pseudocapsule, and com-
posed of smooth muscle with varying amount of 
fi brous connective tissue [ 1 ].

   Leiomyomas occur more frequently in the 
body of the uterus (95 % of cases) (Fig.  5.3 ) and, 
rarely, in the cervix (<5 % of cases) (Fig.  5.10 ) and 
between the folds of the broad ligament (Fig.  5.9 ).

   The incidence of fi broids is about 20–30 % 
among women of reproductive age, and it 
increases with age; by the age 50, myomas occur 
in 70 % of white women and in 80 % of black 
women, indeed [ 2 ]. This different incidence 
between white women and black women indi-
cates the race as a factor that infl uences fi broids’ 
onset. Prospective cohort studies have shown that 
also body mass index, parity, birth control pill 
usage, and cigarette smoking are all factors 
affecting the prevalence and incidence of fi broids. 
These studies have also shown that the suscepti-
bility to fi broids has a genetic component: there 
is a higher risk of leiomyomas in monozygous 
twins than in dizygotic ones [ 2 – 4 ]. Although the 
cause of fi broids is still unknown, there is an 
important familiar predisposition to fi broids and 
some  factors that affect the incidence and 
prevalence. 
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  Fig. 5.1    Schematic shows the uterus demonstrating the 
different locations of fi broids (image from the web)        
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 Estrogens and progesterone affect the growth 
and maintenance of fi broid, because fi broids have 
not been described before menarche and because 
they regress after a woman reaches in menopause 
[ 5 ]. Furthermore, some studies have shown that 
most fi broids neither grow nor become smaller 
during pregnancy [ 6 ]. 

 Microscopically, fi broids are composed by 
smooth muscle spindle-shaped cells, orientated 
by various directions. Among these cells, there is 
varying amount of fi brous connective tissue. 

 The cut surface has a characteristic whorl- like, 
trabeculated appearance, by whitish to reddish color 
according to the prevalence of fi brous connective 
tissue or the prevalence of smooth muscle cells. 

 Macroscopically, fi broids may be singular, but 
more often, in the same uterus at the same time, 
there are multiple fi broids, very variable in size, 
in structural composition, and in location 
(Figs.  5.3  and  5.4 ). This great variability of 
fi broids in the same uterus is due to the fact that 
each one arises from one cell in the myometrium 
and so there is not a clonal relation [ 7 ].

   The variation in size of fi broids is enormous, 
ranging from microscopic size (1–2 mm in diam-
eter that are not detectable with imaging) to a 

quite large size (10–20 cm in diameter). Fibroid 
growth is a balance between mitosis, which 
 produces more fi broid cells, and necrosis or 
apoptosis, which kills fi broid cells. As fi broids 
enlarge, they may outgrow blood supply and they 
may degenerate. The type of degenerative change 
depends on the degree and rapidity of the onset of 
the vascular insuffi ciency. Often fi broids >5–8 cm 
in diameter degenerate. Types of  degeneration 
include hyaline degeneration, myxoid or cystic 
degeneration, necrotic degeneration, red (hemor-
rhagic) degeneration, calcifi cation or fatty degen-
eration, and sarcomatous transformation (very 
rarely, <0.05 % of resected fi broids) [ 1 ]. 

 According to their location (Fig.  5.1 ), fi broids 
are distinguished in:
•      Submucosal,  when they originate from the 

myometrium underlying the endometrium; 
they may be sessile or pedunculated and may 
protrude into the uterine cavity (Fig.  5.5 ).

•       Intramural,  when they grow entirely within 
the wall of the uterus (Fig.  5.6 ).

•       Subserosal,  when they originate beneath the 
uterine serosa and distort the contour of the 
outer face of the uterus; they may be sessile 
(Fig.  5.7 ) or pedunculated (Fig.  5.8 ).

a b

  Fig. 5.2    Sagittal T2-weighted (TR 3,250 ms, TE 80 ms) 
( a ) and sagittal DWI with  b -Factor 800 ms (TR 4,000 ms, 
TE 75 ms) ( b ) of a normal uterus. We can see very well 
the distinction between the endometrium, which has low 

signal intensity on T2-weighted and on DWI images, and 
the myometrium, which has a higher signal intensity than 
the endometrium in both images       
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•        Intraligamentous,  when they grow by lateral 
side of the uterus and may extend between the 
folds of the broad ligament (Fig.  5.9 ).

•       Cervical,  when they grow by the cervix of the 
uterus (Fig.  5.10 ).
      We defi ne submucosal or subserosal pedun-

culated leiomyomas when they protrude into the 
uterine cavity or out of the uterus through a stalk. 

 The most common fi broid location is intramu-
ral (40 % of women after age 35) [ 8 ]. 

 This classifi cation has clinical signifi cance 
because the symptoms and the treatment vary 
among the subtypes of leiomyomas. 

 Uterine leiomyomas are generally less  vascular 
in comparison to adjacent myometrial tissue [ 9 ] 
(Fig.  5.11 ).

   Fibroids derive their main blood supply 
almost exclusively directly from branches of the 
arcuate (intramural) arteries. The arcuate arteries 
course through the outer third of the  myometrium 

a

c

d

b

  Fig. 5.3    Multiple uterine leiomyomas. Uterine leiomyo-
mas are well-defi ned masses in the myometrium, with a 
homogeneous low signal intensity on T2-weighted images 
(TR 4,000 ms, TE 100 ms) ( a ,  b ) and a homogeneous 
isointense signal on T1-weighted image (TR 590 ms, TE 

12 ms) ( c ), compared with that of the normal myome-
trium. On T1-weighted contrast-enhanced image (TR 
4 ms, TE 2 ms) ( d ), they are homogeneous enhancing 
masses, but less than normal myometrium       
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and are branches of the uterine artery. The uter-
ine artery is the fi rst or the second branch of the 
anterior division of the internal iliac artery (also 
called the hypogastric artery) in 51 % of cases, 
and it has several branches: the cervicovaginal 
artery and the arcuate arteries. The uterine artery 
may be replaced by small arterial branches or 
may be absent; it is often replaced by the ipsilat-

eral ovarian artery. In 80–90 % of cases, the 
ovarian artery originates directly anteromedially 
from the abdominal aorta a few centimeters 
below the renal arteries; rarely, they can origi-
nate from the renal, lumbar, adrenal, or iliac 
arteries [ 10 ,  11 ]. 

 The arcuate arteries give rise to peripheral 
arteries that course toward the serosal surface of 

a b

c

d

  Fig. 5.4    Multiple uterine leiomyomatosis. Sagittal (TR 
4,800 ms, TE 80 ms) ( a ), coronal (TR 4,800 ms, TE 
80 ms) ( b ), and axial (TR 5,800 ms, TE 80 ms) ( c ,  d ) 
T2-weighted images show a bulky and deformed uterus 
by the presence of multiple voluminous intramural 

fi broids, with heterogeneous signal intensity and with 
multiple hyperintensity areas (degeneration areas). The 
enlarged uterus determines pressure on the bladder and 
rectum ( a ,  b ) and displaces the adnexa ( arrow  in  c ,  d )       
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the uterus and radial arteries that course toward 
the endometrial cavity. The radial arteries termi-
nate at the endometrial junctional zone border by 
giving off multiple branches that enter and sup-
ply the endometrium. Longer, tortuous branches 
are described as “spiral arterioles.” Arterial blood 
from the spiral arterioles can pass directly into 
veins through arteriovenous anastomoses at mul-
tiple levels. 

 The perifi broid plexus is composed of  terminal 
arteries, and it has any type of vascular  anastomosis. 
These arteries have a diameter of 500–1,000 μm in 
most cases; instead, the arcuate and radial arteries, 
the spiral arterioles, and the utero-ovarian anasto-
mosis have usually a  diameter less than 500 μm. 

 The fi broid region next to the periphery, the 
most biologically active zone, has a higher 
 density of vessels than the central region, where, 

a b

d
c

  Fig. 5.5    Pedunculated submucosal fi broid ( arrow  in all 
images). Sagittal (TR 3,400 ms, TE 80 ms) ( a ), coronal 
(TR 3,700 ms, TE 100 ms) ( b ), axial (TR 4,800 ms, TE 
120 ms) ( c ) T2-weighted, and axial contrast-enhanced fat-
suppressed T1-weighted (TR 4 ms, TE 2 ms) ( d ) images 

show a pedunculated submucosal fi broid which protrudes 
into the uterine cavity. Fibroid demonstrates homoge-
neous low signal intensity on T2-weighted images and 
homogeneous high signal enhancement on T1-weighted 
images, but lower than of adjacent myometrium       
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as a consequence, frequently there is a necrotic 
area. Differences in vascularization between 
fi broids’ periphery and central zone are more evi-
dent when fi broids are great in size. In support of 
this, there is the observation that large fi broids 
are more hypoxic than small ones [ 12 ]. 

 As leiomyomas enlarge, they may outgrow 
blood supply, and they may have degenerative 
changes. 

 Degeneration occurs primarily in large leio-
myomas and causes an increase of the symptoms 
or the onset of new symptoms (abdominal pain, 
menorrhagia, and bulk-related symptoms such as 
pelvic heaviness, palpable mass, urinary urgency, 
constipation, and bowel obstruction). 

 Types of degeneration are:
•     Hyaline degeneration,  a smooth homogeneous 

translucent zone in the fi broid.  

a

c

b

d

  Fig. 5.6    Intramural uterine fi broid ( arrow  in all images). 
Sagittal T2-weighted images (TR 2,900 ms, TE 80 ms) ( a ) 
show an intramural fi broid ( arrow ) with heterogeneous 
low signal intensity. Sagittal contrast-enhanced fat-sup-
pressed T1-weighted images (TR 4 ms, TE 2 ms) ( b ) show 
heterogeneous high signal enhancement of the fi broid. 
Naboth’s cyst in the cervix of the uterus ( arrowhead  in  a 

 and  b ). Coronal (TR 3,500 ms, TE 80 ms) ( c ) and axial 
(TR 3,250 ms, TE 80 ms) ( d ) T2-weighted images of 
another woman show a voluminous intramural fi broid that 
displaces laterally the uterus. This fi broid demonstrates a 
heterogeneous low signal intensity on T2-weighted 
images, with some hyperintense areas that correspond to 
myxoid degeneration areas       
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•    Myxoid (or cystic) degeneration,  a gelatinous 
zone with small cystic cavities that may be a 
consequence to hyaline degeneration.  

•    Fatty degeneration,  it may be a consequence 
to hyaline degeneration or due to lipomatous 
metaplasia, and it is more frequent during 
puerperium.  

•    Fibroid’s calcifi cation,  more frequent in sub-
serosal fi broids.  

•    Red degeneration,  it is a hemorrhagic 
infarction of the uterine leiomyoma, due to 
venous obstruction at the periphery of the 
lesion.  

•    Necrotic degeneration.   
•    Sarcomatous transformation  (very anecdotic) ,  

it begins in the center of the lesion and causes 
rapid important growth of the fi broid that 
becomes fi xed and painful.    

a b

c d

  Fig. 5.7    Sessile subserosal fi broids. A little sessile  subserosal 
fi broid on the superior face of the uterus ( arrow ) with 
 heterogeneous low signal intensity on sagittal T2-weighted 
image (TR 4,500 ms, TE 90 ms) ( a ) and with low signal 
enhancement on contrast-enhanced fat- suppressed 
T1-weighted image (TR 4 ms, TE 2 ms) ( b ). Another woman 
( c  and  d ) with a sessile subserosal fi broid on the posterior 
face of the uterus ( arrow ) and with an intramural fi broid on 

the inferior region of the uterus ( arrowhead ); both the fi broids 
have homogeneous low signal intensity on T2-weighted 
image (TR 2,900 ms, TE 80 ms) ( c ) and homogeneous high 
signal enhancement on contrast- enhanced fat-suppressed 
T1-weighted image (TR 4 ms, TE 2 ms) ( d ). Both these 
patients are eligible to uterine fi broid embolization, because 
the sessile subserosal fi broids have a large attachment to the 
uterus (larger than one third of the diameter of the fi broid)       
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a b

  Fig. 5.8    Pedunculated subserosal fi broids. Sagittal 
T2-weighted image (TR 4,700 ms, TE 90 ms) ( a ) shows a 
homogeneous hypointense well-defi ned mass at the fun-
dus of the uterus that is a pedunculated subserosal fi broid 
with a little stalk ( arrow ). Coronal T2-weighted image 
(TR 3,700 ms, TE 100 ms) ( b ) of another woman shows a 
isointense well-defi ned mass within a hypointense area at 

the inferior region of the uterus that is a pedunculated sub-
serosal fi broid with a large stalk ( arrow ) and a little 
degenerated area within. The patient ( a ) is not eligible to 
uterine artery embolization, because the base of the stalk 
of the fi broid is less than one third of the diameter of the 
fi broid (this is a contraindication to UFE), while the 
patient ( b ) is eligible too       

a b

  Fig. 5.9    Intraligamentous fi broid. Coronal (TR 3,700 ms, 
TE 100 ms) ( a ) and axial (TR 4,800 ms, TE 120 ms) ( b ) 
T2-weighted images show multiple hypointense well- 

defi ned uterine masses with different locations (submuco-
sal, intramural, subserosal fi broids). One of them ( arrow ) 
is located between the folds of the right broad ligament       
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a

b

c

  Fig. 5.10    Cervix leiomyoma with duplicity of the uterus. 
Sagittal T2-weighted (TR 4,900 ms, TE 90 ms) ( a ), sagit-
tal DWI with b-Factor 800 ms (TR 5,000 ms, TE 70 ms) 
( b ), and sagittal contrast-enhanced fat-suppressed 
T1-weighted (TR 4 ms, TE 2 ms) ( c ) images show a leio-

myoma in the cervix of the uterus ( arrowhead ). On the 
posterior site of the uterus, there is an embryonic residue 
that represents a second little uterus ( arrow ). In both the 
uteri, endometrium is shown, and there is a little intracavi-
tary fl uid (exam obtained during menstrual phase)       
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 The clinical presentation is variable, 
 depending on the size, location, and number of 
fi broids. 

 The most frequent symptoms of fi broids are 
abnormal uterine bleeding (menorrhagia or 
menometrorrhagia) and pelvic pain and discom-
fort (due to “mass effect”). As fi broids enlarge, 
they may produce pressure on  surrounding 

 structures (Fig.  5.12 ). When the fi broid uterus 
presses on the bladder, urinary urgency and fre-
quency occur. When the rectum is pushed and 
displaced, symptoms are referable to the bowel. 
Acute pain occurs in 30 % of women with uterine 
fi broids, usually due to acute degeneration or tor-
sion of pedunculated subserosal myomas or 
 prolapse of pedunculated submucosal ones.

a b

c d

  Fig. 5.11    Leiomyomas with different vascularization. 
 First patient.  Sagittal T2-weighted image (TR 3,250 ms, 
TE 80 ms) ( a ) shows a heterogeneous iso-hypointense 
intramural voluminous leiomyoma, which deforms the 
uterus; on sagittal contrast-enhanced fat-suppressed 
T1-weighted image (TR 4 ms, TE 2 ms) ( b ), it shows high 
signal intensity, similar to that of adjacent myometrium, 

and low-signal-intensity rim enhancement.  Second 
patient.  Coronal T2-weighted image (TR 3,700 ms, TE 
80 ms) ( c ) shows a uterus with multiple heterogeneous 
hypointense signal intensity leiomyomas that, on axial 
contrast-enhanced fat-suppressed T1-weighted image (TR 
450 ms, TE 12 ms) ( d ), show heterogeneous low-signal- 
intensity enhancement to that of adjacent myometrium       
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   Submucosal and intramural fi broids may also 
cause infertility, spontaneous abortions, or pre-
mature placental abruption.  

5.2     Role of Imaging (US and MRI) 

 Ultrasonography is often the fi rst method to 
detect the presence of leiomyomas due to its 
availability and low cost. Transvaginal ultra-
sound provides better visualization of the endo-
metrium and submucosal leiomyomas than 
abdominal ultrasound, especially in obese 
women. Limitations of transvaginal ultrasound 
include operator-dependent variability, failure to 
detect small uterine fi broids, and diffi culty in 
mapping large uteri, particularly when there are 
multiple fi broids. Transabdominal ultrasound is 
able to locate large leiomyomas, while transvagi-
nal ultrasound is better at detecting leiomyomas 
that are near to the cervix. Larger fi broids may be 
evaluated best using a combination of abdominal 
and transvaginal ultrasound techniques. At US, 
leiomyomas typically appear as symmetrical, 
well-defi ned, heterogeneous, solid masses. The 
uterus may appear bulky or enlarged, with an 
abnormality in the normal contour. Degenerative 
fi broids may have a complex appearance. Doppler 

US shows fi broids’ circumferential vascularity, 
but some of them have great vascularization, 
while necrotic fi broids have an absence of fl ow. 

 However, pelvic MR imaging provides better 
soft-tissue contrast resolution, lack of operator 
dependence, and decreased variability in inter-
pretation of images when compared with trans-
vaginal US. MRI can visualize fi broids as small 
as 5 mm in diameter, and it is capable of differ-
entiating adenomyosis from uterine leiomyo-
mas. Thus, MRI is the most accurate imaging 
technique for detection and measuring fi broids 
(number, volume, and location of each fi broid; 
its signal intensity characteristics; and its 
enhancement characteristics), measuring uterine 
volume, and excluding whatever concomitant 
pathology that may increase the symptoms or 
may be the real cause of the symptomatology 
(Figs.  5.13  and  5.14 ).

    MR imaging is a noninvasive procedure that 
allows the diagnosis of fi broids to be established 
with a great degree of confi dence and affects 
patient treatment by reducing the number of 
unnecessary surgeries [ 1 ]. Accurate detection and 
localization of leiomyomas with MR imaging 
can result in planned therapies being changed or 
obviated [ 13 ]. 

 For these reasons, MR imaging has become 
the preferred imaging modality choice for evalu-
ating the potential candidates for uterine artery 
embolization, assessing the success of UFE and 
potential risks for complications [ 14 ,  15 ].  

5.3     MRI Protocol 

 Our MR images are obtained with a 1.5-T Philips 
Insignia (Philips Healthcare) using a torso 
phased-array coil. In order to minimize artifacts 
caused by bowel motion, each patient receives 
20 mg of butylscopolamine bromide (Buscopan, 
Boehringer Ingelheim) in a single dose, with an 
intramuscular injection. The patient is restricted 
to clear fl uids 4 h before the examination and 
voided immediately before the study. 

 Our protocol includes imaging sequences 
before and after administration of an intravenous 
bolus of gadolinium-based contrast (0.1 mmol/
kg, gadobutrol, Gadovist, Bayer):

  Fig. 5.12    Sagittal T2-weighted image (TR 3,400 ms, TE 
80 ms) shows a bulky uterus with two heterogeneous low-
signal- intensity fi broids that press on the bladder ( arrow-
heads ) and push the rectum ( arrow )       
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•    Sagittal T2-weighted turbo spin echo (TR 
1,000 ms, TE 80 ms, turbo factor 22, fl ip angle 
90°, matrix 200 × 190, slice thickness 2.5 mm, 
acquisition time 2.5 min)  

•   Coronal T2-weighted turbo spin echo (TR 
3,000/5,000 ms, TE 100 ms, turbo factor 30, 
fl ip angle 90°, matrix 180 × 176, 3 mm slices, 
acquisition time ±2 min)  

•   Axial T2-weighted turbo spin echo (TR short-
est automatic, TE 100 ms, turbo factor 22, fl ip 
angle 90°, matrix 200 × 196, 2.5 mm slices, 
acquisition time 3.5/4 min)  

•   Axial T1-weighted turbo spin echo (TR 400–
600 ms, TE 12 ms, turbo factor 4, fl ip angle 
95°, matrix 184 × 182, 2.5 mm slices, acquisi-
tion time ±2 min)  

•   Axial diffusion-weighted imaging (DWI) with 
b-Factor at time 0 ms and 800 ms (TR shortest 
automatic, TE shortest automatic, fl ip angle 
90°, matrix 88 × 72, 5 mm slices, acquisition 
time ±1 min, with fat suppression SPIR)  

•   Sagittal DWI with b-Factor at time 0 ms and 
800 ms (TR shortest automatic, TE shortest 
automatic, fl ip angle 90°, matrix 84 × 80, 
3 mm slices, acquisition time ±3.5 min, with 
fat suppression SPIR)  

a b

  Fig. 5.13    Endometrial tumor. Patient with abnormal 
uterine bleeding. Sagittal T2-weighted image (TR 
4,500 ms, TE 90 ms) ( a ) shows a little subserosal fi broid 
( arrow ) on the inferior face of the uterus, but it shows also 
the loss of junctional zone at the fundus of the uterus, 
where there is an ill-defi ned homogeneous slightly hyper-

intense signal mass that penetrates into the myometrial 
wall ( arrowheads ). On axial DWI with b-Factor 800 ms 
image (TR 4,000 ms, TE 70 ms) ( b ), this mass ( arrow-
head ) has a high restriction of signal intensity that con-
fi rms its malignant origin. Symptoms referred by the 
patient are due to endometrial malignant lesion       

  Fig. 5.14    Patient with abnormal uterine bleeding and with 
lumbar pain. Sagittal T2-weighted image (TR 4,400 ms, 
TE 90 ms) shows an intramural heterogeneous intermedi-
ate signal intensity fi broid, which is probably the cause of 
abnormal uterine bleeding. There is also the presence of 
two posterior bulgings between the two last lumbar verte-
bras and the fi rst sacral ones ( arrowheads ); probably this is 
the cause of lumbar pain referred by the patient       
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•   Apparent diffusion coeffi cient map (ADC Map)  
•   Coronal THRIVE (T1 high-resolution  isotropic 

volume excitation) (TR shortest automatic, TE 
shortest automatic, fl ip angle 10°, matrix 
208 × 164, multislice 3D, acquisition time 
1.5 min, with fat suppression SPAIR)  

•   Coronal CE-MRA, an angiographic sequence 
with contrast enhancement, it is a T1-TFE 3D 
sequence (T1-weighted fast gradient-echo) 
(TR shortest automatic, TE shortest auto-
matic, fl ip angle 35°, matrix 360 × 360, 
 acquisition time 22 s)  

•   Axial e-THRIVE (Enhanced T1 high- 
resolution isotropic volume excitation) (TR 
shortest automatic, TE shortest automatic, fl ip 
angle 10°, matrix 208 × 164, acquisition time 
55 s, with fat suppression SPAIR)  

•   Sagittal e-THRIVE (TR shortest automatic, 
TE shortest automatic, fl ip angle 10°, matrix 
208 × 164, acquisition time 1 min, with fat 
suppression SPAIR)  

•   Coronal-THRIVE (TR shortest automatic, TE 
shortest automatic, fl ip angle, matrix, acquisi-
tion time 1.5 min, with fat suppression SPAIR)    
 THRIVE is a T1-TFE 3D sequence 

(T1-weighted fast gradient-echo) with spectral 

fat suppression that produces isotropic voxels, 
and it may be useful for dynamic studies and 
multiplanar reconstructions. 

 We use this MRI protocol, which is rather com-
plex, not exclusively for diagnosing the presence of 
fi broids, because the diagnosis is often clinical or 
with ultrasonography, but especially for evaluating 
potential candidates for uterine artery embolization 
rather for other therapeutic solutions as myomec-
tomy or hysterectomy. Thus, our MRI protocol 
includes all these sequences for these reasons:
•    Sagittal, axial, and coronal T2w TSE for a 

volumetric uterus and fi broids’ study, for eval-
uating their relationship with other pelvic 
structures and for excluding whatever con-
comitant pathology.  

•   Axial T1w TSE and coronal T1w with fat sup-
pression for evaluating the presence of fatty 
degeneration and of hemorrhagic intratumoral 
areas.  

•   DWI for excluding malignant pathology and 
for evaluating possible presence of adenomy-
osis, because this sequence outlines very well 
the endometrium and so it is possible to visu-
alize the introfl ections of endometrium in this 
pathologic condition (Fig.  5.15 ); with DWI 

a b

  Fig. 5.15    Adenomyosis. Adenomyosis is characterized 
by the presence of ectopic endometrial glands and stroma 
within the myometrium, which results on axial 
T2-weighted image ( a ) as various hyperintense signal foci 
in the myometrium ( arrowheads ). Benign invasion of the 
basal endometrium into the myometrium is shown as 

introfl ection of the endometrium into the myometrium 
( arrow ) on T2-weighted image (TR 4,300 ms, TE 120 ms) 
( a ), but, very well, as high restriction signal intensity 
( arrow ) on axial DWI with b-Factor 800 ms image (TR 
2,600 ms, TE 70 ms) ( b )       
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we may also evaluate whatever concomitant 
endometriosic focus in the pelvis (Fig.  5.16 ).

•       Angiographic images are helpful to obtain a 
better understanding of the arterial anatomy of 
the uterus and of the fi broids before emboliza-
tion and may enable detection of variations in 
the vascularization of uterine fi broids (Fig.  5.25 ).  

•   Axial, sagittal, and coronal T1w contrast- 
enhanced images with fat suppression for a 
volumetric evaluation of the uterus and 
fi broids’ enhancement characteristics, and for 
evaluating enhancement characteristics of 
possible other concomitant pelvic lesions.     

5.4     MR Imaging Appearance 
of Leiomyomas 

 The signal intensity of leiomyomas depends on 
the proportion of cellular fascicles and extracel-
lular matrix [ 16 ]. 

5.4.1     Nondegenerated Fibroids 

 Nondegenerated fi broids have a typical appear-
ance at MR imaging: well-circumscribed masses 
with homogeneously decreased signal intensity 

a b

c d

  Fig. 5.16    Endometriosic adnexal cyst. Axial T2-weighted 
image (TR 2,900 ms, TE 80 ms) ( a ) shows a high hyper-
intense signal intensity area into left adnexa, with a 
slightly low-signal-intensity level into ( arrow ) and two 
heterogeneous low-signal-intensity leiomyomas ( arrow-
heads ). Coronal fat-suppressed T1-weighted image (TR 
4 ms, TE 2 ms) ( b ) confi rms hyperintense signal intensity 
adnexal lesion ( arrow ). Axial DWI with b-Factor 0 ms 

(TR 2,600 ms, TE 70 ms) ( c ) and with b-Factor 800 ms 
(TR 2,600 ms, TE 70 ms) ( d ) images show increased high 
restriction of signal intensity in left adnexa 8 ( arrow ) and 
moderate restriction of signal intensity of the leiomyomas 
( arrowheads ). Fat-suppressed T1-weighted image and 
high restriction of signal intensity on DWI images demon-
strate presence of hemoglobin’s degradation products 
(endometriosic left adnexal cyst or endometrioma)       
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compared with that of the normal myometrium 
on T2-weighted images [ 8 ,  17 ] and with homoge-
neously isointense signal compared with that of 
the normal myometrium on T1-weighted images. 
On T1-weighted contrast-enhanced images, they 
are homogeneous enhancing masses, but less 
than normal myometrium (Fig.  5.17 ).

   Fibroids with hypointense signal intensity on 
T2-weighted images are characterized by a pre-
dominant extracellular matrix composed of vas-
cularized connective tissue with whorl-ring 
bundles of smooth muscle cells. Fibroids with 
relatively increased T2-weighted signal intensity 
and homogeneous enhancement on early 
contrast- enhanced images are usually cellular 

fi broids, which are composed of densely packed 
cellular fascicles of smooth muscle with little 
intervening collagen. Cellular leiomyomas can 
be distinguished from other types of leiomyomas 
by the abundance of its cellular content and pro-
liferative cells [ 8 ,  16 ,  17 ]. 

 Some fi broids have a high-signal-intensity rim 
on T2-weighted images, which represents a pseu-
docapsule of dilated lymphatic vessels, dilated 
veins, or edema and correspond to peritumoral 
rim enhancement [ 9 ]. 

 On DWI images, fi broids have variable signal 
intensity. In our experience, we have seen that 
DWI signal intensity of each fi broid is very well 
correlated with the symptomatology of the 

a b

c d

  Fig. 5.17    Nondegenerated massive intramural fi broid. 
Well-circumscribed masses with homogeneously 
decreased signal intensity compared with that of the outer 
myometrium on T2-weighted image (TR 3,250 ms, TE 
80 ms) ( a ), with homogeneously isointense signal inten-
sity compared with that of the outer myometrium on 

T1-weighted image (TR 590 ms, TE 12 ms) ( b ), and with 
heterogeneous signal contrast-enhancement lower than 
that of adjacent myometrium on contrast-enhanced fat- 
suppressed T1-weighted image (TR 2,900 ms, TE 0 ms) 
( c ). On DWI with b-Factor 800 ms image (TR 4 ms, TE 
2 ms) ( d ) fi broid shows no restriction of signal intensity       

 

5 Fibroids



112

patient. We have seen that, after uterine fi broid 
embolization, there is a good correlation between 
fi broids’ decreased signal intensity on DWI 
images and symptoms’ resolution.  

5.4.2     Degenerated Fibroids 

 Degenerated fi broids have variable appearance 
on T1-weighted, T2-weighted, and contrast- 
enhanced images. 

 Interstitial edema, the initial sign of degenera-
tion, is detected as a high-signal-intensity region 
on T2-weighted images and shows enhancement 
with Gd-DTPA. 

5.4.2.1     Hyaline Degeneration 
 Fibroids with hyaline, not liquefi ed, degeneration 
have a variable signal intensity on T1-weighted 
images (they may have increased signal intensity) 
and a decreased signal intensity on T2-weighted 
images. Thus, they could not be distinguished 
from smooth muscle whorls on T1- and 
T2-weighted images. However, undegenerated 
leiomyoma could be distinguished from hyaline 
degeneration, because the former is slightly 
enhanced by Gd-DTPA, but the latter is not.  

5.4.2.2     Cystic Degeneration 
 Leiomyomas with cystic degeneration show low 
signal intensity on T1-weighted images and high 
signal on T2-weighted images, and the cystic 
areas do not enhance after intravenous adminis-
tration of gadolinium contrast material (Fig.  5.18 ).

5.4.2.3        Myxoid Degeneration 
 Leiomyomas with myxoid degeneration have 
components of both low signal intensity and 
extremely high signal intensity on T2-weighted 
images and heterogeneous low signal intensity 
on T1-weighted images; hyperintensity signal 
foci on T2-weighted images have minimal con-
trast enhancement (Fig.  5.19 ).

5.4.2.4        Red Degeneration 
(Hemorrhagic Necrosis) 

 Fibroids with red degeneration have peripheral or 
diffuse high signal intensity on T1-weighted 

images and variable signal intensity with or 
 without a low-signal-intensity rim on T2-weighted 
images. These fi ndings correspond with numer-
ous dilated vessels fi lled with red blood cells at 
the periphery of the lesion. The high signal inten-
sity on T1-weighted images is secondary to pro-
teinaceous content of the blood or the 
T1-shortening effects of methemoglobin. When 
the high signal intensity is isolated to the rim of 
the fi broid, it has been hypothesized that the blood 
products are confi ned to thrombosed vessels that 
surround the lesion [ 18 ]. Coagulative necrosis 
does not enhance after intravenous administration 
of gadolinium contrast material (Fig.  5.20 ).

5.4.2.5        Fatty Degeneration 
 Fat is usually microscopic, and it is associated 
with advanced hyaline degeneration.  

5.4.2.6     Fibroid’s Calcifi cation 
 Fibroids with calcifi c degeneration have low sig-
nal intensity on T1- and on T2-weighted images, 
and they do not enhance.  

5.4.2.7     Necrotic Degeneration 
 Necrotic areas have variable T1-weighted signal 
intensity, low T2-weighted signal intensity, and 
they do not enhance.  

5.4.2.8     Sarcomatous Transformation 
 The prevalence of sarcomatous transformation in 
a preexisting benign uterine leiomyoma is 
extremely rare (<0.05 % of resected leiomyo-
mas). Although it has been suggested that a het-
erogeneous, irregular, not well-defi ned 
leiomyoma on T2-weighted images is suggestive 
of sarcomatous transformation [ 19 ], the specifi c-
ity of this fi nding has not been established, and 
the diagnosis is often fi rst established by a pathol-
ogist after surgical removal of the suspected 
mass.    

5.5     Differential Diagnosis 

 Other entities can have similar clinical presen-
tations, such as pelvic pain and/or abnormal 
uterine bleeding, and need to be distinguished 
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from  leiomyomas, because of the necessity of 
differential therapeutic strategies. MR imag-
ing is superior than US for differential diagno-
sis of adenomyosis and evaluation of the 
adnexa and endometrium for potential disease, 
especially when the uterus is bulky and also 
when leiomyomas coexist and distort pelvic 
anatomy. 

5.5.1     Adenomyosis 

 Adenomyosis is characterized by a benign 
invasion of the basal endometrium into the 
myometrium, which results in the presence of 
ectopic endometrial glands and stroma within 
the myometrium, with reactive hypertrophy of 
the surrounding myometrial smooth muscle. 

a

c

b

d

  Fig. 5.18    Fibroid with cystic degeneration. Axial CT 
scan ( a ) shows a large uterine mass with some not- 
enhancing liquid areas. MRI confi rms the presence of a 
large intramural fi broid with several areas in cystic 
degeneration; these areas demonstrate very high signal 
intensity on T2-weighted image (TR 4,300 ms, TE 

80 ms) ( b ), low signal intensity on T1-weighted image 
(TR 530 ms, TE 12 ms) ( c ), and no enhancement on con-
trast-enhanced fat- suppressed T1-weighted image (TR 
4 ms, TE 2 ms) ( d ). Areas in cystic degeneration are 
marked with  arrowheads  in all images.       
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Adenomyosis occurs in focal and diffuse 
forms, the latter being the more common 
appearance, and may coexist with fi broids 
(Fig.  5.21 ).

   In contrast to fi broids, adenomyosis appears as 
a diffuse, ill-defi ned lesion extending subjacent to 
the endometrium. On T2-weighted images, the 
lesion shows a relatively  homogeneous low 

a

c

b

d

  Fig. 5.19    Fibroid with myxoid degeneration. A large 
intramural low-signal-intensity fi broid with several hyper-
intensity foci ( arrowheads ) on sagittal T2-weighted image 
(TR 3,600 ms, TE 80 ms) ( a ). On axial T1-weighted 
image (TR 530 ms, TE 12 ms) ( b ), fi broid demonstrates 
heterogeneous low signal intensity, also in degenerated 
foci. On sagittal contrast-enhanced fat-suppressed 
T1-weighted image (TR 4 ms, TE 2 ms) ( c ), fi broid has 
high signal enhancement, but slightly lower than that of 

adjacent myometrium, and some intratumoral tissue with 
high signal intensity on T2-weighted image enhances, 
while others are not ( arrowheads ). The enhancement of 
these degenerated foci indicates that tissue does not repre-
sent intratumoral cyst or necrosis. On axial DWI with 
b-Factor 800 ms image (TR 2,800 ms, TE 70 ms) ( d ), we 
may see a slightly restriction signal intensity in degener-
ated tissue. The bladder and rectum are pressed by volu-
minous fi broid       
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 intensity signal, embedded with sparse, tiny 
 high-intensity spots. On T1-weighted images, it is 
isointense with the surrounding myometrium, but 
some of high-intensity spots are clearly visible. 
Small foci of high signal intensity on T2-weighted 

images represent the ectopic endometrial glands; 
some of these, that have also high signal intensity 
on T1-weighted images, correspond to hemor-
rhage, and thus they may cause magnetic suscep-
tibility pitfalls [ 20 ,  21 ]. 

a

c

b

d

  Fig. 5.20    Fibroid with red degeneration. Sagittal 
T2-weighted image (TR 4,500 ms, TE 90 ms) ( a ) shows 
two hypointense well-defi ned uterine masses ( arrows  in  a , 
 b  and  c ), one is an intramural non-degenerated fi broid, 
and the other is a subserosal pedunculated fi broid with a 
well- defi ned hyperintense area, which has some content 
with intermediate signal intensity ( arrowhead  in all 
images) that is a degenerated focus. This degenerated area 
has very high signal intensity on axial T1-weighted (TR 
600 ms, TE 10 ms) ( b ), and coronal fat-suppressed 

T1-weighted (TR 280 ms, TE 2 ms) ( c ) images, and it 
does not enhance on coronal contrast-enhanced fat-sup-
pressed T1-weighted image (TR 6 ms, TE 2 ms) ( d ). The 
high signal intensity on T1-weighted images is secondary 
to proteinaceous content of the blood or the T1-shortening 
effects of methemoglobin. Subserosal fi broid has an area 
of hemorrhagic degeneration (“red degeneration”). 
Because of the presence of a pedunculated subserosal 
fi broid with a narrow stalk and an area with hemorrhagic 
degeneration, this patient is not eligible to UFE       
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 In its focal form, adenomyosis appears an 
 ill- defi ned, poorly marginated area of low signal 
intensity within the myometrium on T2-weighted 
images. 

 Extensive involvement of adenomyosis 
 distorts endometrium that appears with an irregu-
lar contour and with the loss of the junctional 
zone (Fig.  5.22 ).

a b

  Fig. 5.21    Diffuse adenomyosis coexists with intramural 
leiomyoma. Coronal (TR 3,700 ms, TE 100 ms) ( a ) and sag-
ittal (TR 3,250 ms, TE 80 ms) ( b ) T2-weighted images show 
several punctate foci of high signal intensity ( arrowheads ) 

in the myometrium. Region of junctional zone is widened 
and demonstrates intermediate low-signal- intensity charac-
teristics of diffuse adenomyosis. An intramural homoge-
neous low-signal-intensity leiomyoma coexists ( arrow  in  a )       

a b

  Fig. 5.22    Adenomyosis. Sagittal (TR 4,500 ms, TE 
90 ms) ( a ) and coronal (TR 4,300 ms, TE 110 ms) ( b ) 
T2-weighted images show an ill-defi ned low-signal- 
intensity area in the inferior uterine region, with several 

punctate foci of high signal intensity ( arrows ). 
Endometrium is thickened and it has an irregular contour; 
junctional zone is lost. Small hyperintense foci represent 
ectopic endometrial glands       
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5.5.2        Solid Adnexal Mass 

 Ovarian fi bromas and Brenner tumors are benign 
ovarian neoplasms that have a large fi brous com-
ponent and can have signal intensity similar to 
that of a pedunculated leiomyoma. If MR imag-
ing can demonstrate continuity of an adnexal 
mass with the adjacent myometrium, then a diag-
nosis of leiomyoma can be established, but, if 
MR imaging can show fi bromas or Brenner 
tumors surrounded by ovarian stroma and folli-
cles, thus the ovarian origin of the mass is 
established.  

5.5.3     Focal Myometrial Contraction 

 Uterine contractions can appear as transient 
hypointense T2-weighted masses and may simu-
late fi broids or focal adenomyosis on MR imag-
ing. Because the contractions are transient, 
resolution of the mass at subsequent imaging 
allows the diagnosis to be established [ 22 ].  

5.5.4     Uterine Leiomyosarcoma 

 Leiomyosarcoma may arise in a previously exist-
ing benign leiomyoma (sarcomatous transforma-
tion) or independently from the smooth muscle 
cells of the myometrium. Although it has been 
suggested that an irregular margin of a leiomy-
oma at MR imaging is suggestive of sarcomatous 
transformation, the specifi city of this fi nding has 
not been established. The diagnosis of leiomyo-
sarcoma is often established by a pathologist 
after surgical removal.  

5.5.5     Malignant Perivascular 
Epithelioid Cell Tumor 

 Perivascular epithelioid cell tumors (PEComas) 
are a rare group of mesenchymal neoplasms 
composed of distinctive cells that show a focal 
association with blood vessel walls and usually 
express melanocytic and smooth muscle mark-
ers. The cell of origin of these tumors is 

unknown. Malignant PEComas most often arise 
in the kidneys and uterus and metastasize to the 
lungs, liver, or peritoneum. Because this malig-
nant tumor tends to be well-circumscribed large 
mass with no infi ltration of the adjacent organs, 
characterized by high signal intensity on 
T2-weighted images and by homogeneous 
enhancement, it mimics fi broids on imaging; 
thus, it should be considered in the differential 
diagnosis of fi broids [ 23 ].   

5.6     Role of MR Imaging 
in Uterine Fibroid 
Embolization 

5.6.1     Pre-procedure MR Imaging 

 Uterine fi broid embolization has become an 
accepted method for the treatment of symptom-
atic uterine fi broids. It has been shown to reduce 
the hospital stay and the rate of major complica-
tions when compared with myomectomy or hys-
terectomy. Although the minimally invasive, 
uterus-sparing nature of this technique is appeal-
ing, the chances of satisfactory symptomatic 
improvement and the risk of signifi cant compli-
cations are affected by a number of anatomic fac-
tors. For these reasons, it is very important to 
identify the number, size, and location of the 
fi broids and the presence of coexisting uterine 
and adnexal disorders with an adequate pre- 
procedure imaging in order to determine the suit-
ability of women who have uterine fi broids for 
uterine fi broid embolization. 

 Ultrasonography is widely available, can 
accurately confi rm the presence of leiomyomas 
and uterine enlargement, and should be the fi rst 
line of imaging, but, the pre-procedure evaluation 
can be made with much greater accuracy using 
pelvic MR imaging as compared with ultraso-
nography. MRI reveals also additional informa-
tions, such as the presence of adenomyosis and 
other pelvic disorders [ 24 ]. So, in our practice, 
pelvic MRI is routinely performed for pre- 
procedure evaluation. 

 In pre-procedure pelvic MRI, we must 
 evaluate all these factors:
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•    Size of uterus  
•   Number of fi broids and size of the greatest  
•   Location of each fi broid (submucosal, intra-

mural, subserosal, or rare locations)  
•   Size of the base of the stalk, if pedunculated  
•   Size of submucosal interface, if intracavitary  
•   Signal intensity and enhancement characteristics  
•   Arterial anatomy of the uterus and of the 

greater fi broids (with MIP reconstructions of 
angiographic MR images)  

•   Presence of adenomyosis  
•   Presence of concomitant pelvic pathologies    

 There are some anatomic considerations in 
patient selection for eligibility for embolization. 
Although both single and multiple fi broids can be 
treated with UFE, patients with very large uteri or 
fi broids (size >20 cm) have less uterine and 
fi broid shrinkage after UFE than others and tend 
to have less symptom improvement [ 1 ,  25 ]. Also 
women with hypervascular leiomyomas have less 
symptom improvement than others. 

 Certain anatomic fi broid subtypes deserve 
special consideration. Submucosal or subserosal 
pedunculated fi broids may be predictors of com-
plications after UFE. Patients with intracavitary 

fi broids treated with UFE have an increased risk 
for the vaginal passage of necrotic tissue, which 
results in important abdominal pain, increased 
cramping, bleeding, or infection. 

 Pedunculated subserosal fi broids are consid-
ered a relative contraindication to uterine fi broid 
embolization, depending on the fi broid size and 
the size of the stalk, although the inclusion cri-
teria for UFE vary considerably among institu-
tions [ 24 ]. In some studies, it has been shown 
that presence of pedunculated subserosal 
fi broids in which the diameter of the stalk is 
50 % narrower than the diameter of the fi broid is 
a contraindication to uterine fi broid emboliza-
tion [ 15 ]. In other studies, it has been shown that 
pedunculated subserosal fi broid with a stalk 
diameter inferior to 2 cm is not candidable to 
UFE [ 15 ]. In our experience, when the base of 
the stalk is less than one third of the entire 
fi broid’s diameter, it is critical, because there is 
a high risk of infarction of the stalk of the fi broid 
and subsequent detachment of the fi broid, and 
its migration into the peritoneal cavity, which 
could lead to peritonitis, persistent pain, or 
 infection (Figs.  5.23  and  5.24 ).

a b

  Fig. 5.23    Pedunculated subserosal fi broids with a narrow 
stalk. Sagittal (TR 3,000 ms, TE 80 ms) ( a ) and coronal 
(TR 3,700 ms, TE 80 ms) ( b ) T2-weighted images show 
two cases of multiple pedunculated subserosal hypoin-
tense signal fi broids with a fi broid’s junction zone to uter-

ine wall less than one third of the entire fi broid’s 
circumference ( arrows ). In these patients, uterine fi broid 
embolization is contraindicated because of high risk of 
infarction of the stalk of the fi broid and the subsequent 
migration of the fi broid into the peritoneal cavity       
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    Cervical fi broids may not become 
 devascularized after UFE, probably because of 
an additional or alternative blood supply to the 
cervix (Fig.  5.10 ). 

 Another contraindication to UFE is the pres-
ence of intratumoral hemorrhagic foci, which are 
areas with high signal intensity on fat-suppressed 
T1-weighted images (Fig.  5.24 ). 

 Identifi cation of blood vessels’ anomalies is 
very important before the procedure, and it is 
possible with angiographic MR images and MIP 
reconstructions, which show uterine arteries and 

provide a “road map” prior the embolization 
(Fig.  5.25 ).

   Knowledge of the presence of adenomyosis 
before the procedure is important in order to 
inform the patient that the response can be more 
variable in this situation (Fig.  5.21 ). 

 The presence of concurrent uterine, ovarian, 
or pelvic disorders is signifi cant in the pre- 
procedure evaluation of patients for UFE. Not 
only can symptoms of other disorders such as 
endometriosis, ovarian tumor, or chronic pelvic 
infection mimic those of uterine fi broids, but also 

a

c

b

  Fig. 5.24    Pedunculated subserosal fi broid with intratu-
moral hemorrhage. Axial T2-weighted image (TR 
4,800 ms, TE 120 ms) ( a ) shows a large well-defi ned 
pedunculated subserosal fi broid with heterogeneous low 
signal intensity; it has a narrow stalk ( arrow  in  a  and  c ). 
Coronal fat- suppressed T1-weighted (TR 4 ms, TE 2 ms) 
( b ) and axial contrast-enhanced fat-suppressed T1-weighted 

(TR 4 ms, TE 2 ms) ( c ) images demonstrate some little 
areas with high signal intensity ( arrowheads ), which are 
hemorrhagic intratumoral foci. In this patient, uterine 
fi broid embolization is contraindicated because of high risk 
of infarction of the stalk of the fi broid and the intratumoral 
hemorrhagic foci       

 

5 Fibroids



120

other disease processes may be incidentally 
found in the initial workup. Thus, the therapeutic 
options may be altered if another signifi cant dis-
order is present [ 24 ] (Fig.  5.13 ).  

5.6.2     Procedure 

 UFE is an angiographic procedure that is typi-
cally performed by using a unilateral femoral 
artery approach. Some operators use a bilateral 
femoral artery approach. In almost all cases, 
bilateral uterine artery catheterization and embo-
lization are needed, since most uterine fi broids 

receive blood supply from both uterine arteries. 
After uterine arteriography, embolic material is 
injected into both uterine arteries to occlude the 
vessels of the fi broid. In our institution, we use 
acrylic polymer microspheres impregnated with 
porcine gelatine (Embosphere, Biosphere 
Medical S.A., Roissy, France) of range size 500–
700 μm or 700–900 μm. The goal is to occlude 
the vessels of the fi broid but not to completely 
occlude the uterine artery (Fig.  5.26 ). It is appro-
priate to stop embolization when the fi broid 
branch arteries have become occluded, even if 
antegrade fl ow is still present in the main uterine 
artery.

a b

  Fig. 5.25    Pelvic arterial vascularization and fi broid’s 
arterial vessels. Note agreement of representation of pel-
vic vessels between MIP reconstruction of MRI angio-

graphic arterial phase image (TR 4 ms, TE 1.5 ms) ( a ) and 
fl ush pelvic aortogram ( b )       

  Fig. 5.26    Uterine fi broid embolization (UFE). Digital 
subtraction of pelvic aortogram ( a ). Digital subtraction 
angiograms obtained with selective left ( b ) and right ( c ) 
uterine artery ( arrow ) injection show the characteristic 
arterial course and numerous intramural spiral arterioles 
( arrowheads ). In ( d ) image we see that the fi broid branch 

arteries have become occluded, but the uterine artery has 
become not completely occlude ( arrow ): this is the goal of 
UFE. Digital subtraction subsequent angiograms obtained 
with selective right uterine artery injection in another 
woman ( e ,  f ) show progression of embospheres ( arrows ) 
into fi broid’s vessels         
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a b

c d
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   As a percutaneous interventional tech-
nique, this procedure may offer the advan-
tages of  avoidance of surgical risks, potential 
preservation of fertility, and shorter hospital-
ization [ 26 ].  

5.6.3     Post-procedure MR Imaging 

 Although rare, complications after uterine fi broid 
embolization have been reported, and MR imag-
ing may aid in diagnosis or exclusion of several 
post-procedure complications. 

 Minor complications include hematoma, tran-
sient pain, or post-embolization syndrome (pel-
vic pain, cramping, nausea and vomiting, 
low-grade fever, and general malaise), and 
 transcervical expulsion of necrotic tissue 
(Fig.  5.27 ). Potential major complications include 
premature menopause (loss of ovarian function), 

bladder necrosis, and infection (tubo-ovarian 
abscess, endometritis, pyomyoma, and uterine 
necrosis) [ 1 ].

   In patients who have no complications and 
have symptomatic improvement, we perform a 
pelvic contrast enhancement ultrasonography 
after 6 months since the procedure and a fol-
low- up MR imaging after 1 year since proce-
dure, which can be used to monitor the results 
of embolization by demonstrating the degree 
of shrinkage and the loss of enhancement of 
the leiomyomas. The success of UFE is charac-
terized by a signifi cant reduction in mean uter-
ine and fi broid volumes, and by fi broids’ 
infarction, while residual myometrium demon-
strates reperfusion and enhances vividly 
(Fig.  5.28 ).

   The treated leiomyomas show similar changes 
in signal intensity after UFE, that is, high signal 
intensity on T1-weighted images, homogeneous 

a b

Fig. 5.26 (continued)
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low signal intensity on T2-weighted images, and 
no detectable enhancement after gadolinium 
contrast material administration [ 14 ]. These sig-
nal intensity changes are typical of blood prod-
ucts and depend on the age of hemorrhage within 
the fi broid; this condition is known as “hemor-
rhagic infarction.” As already explained, in our 
experience, we have seen that, after uterine 
fi broid embolization, there is a good correlation 

between fi broids’ decreased signal intensity on 
DWI images and symptomatic improvement 
(Fig.  5.29 ).

   However, in some cases, the fi broid may not 
be completely infarcted after embolization, and, 
thus, there may be residual areas of perfusion 
(Fig.  5.30 ).

   Images of follow-up must be always inter-
preted in conjunction with clinical symptoms.      

a

c

b

  Fig. 5.27    MR images of an intramural uterine fi broid 
pre-procedure and 2 months post-procedure CEUS image. 
Sagittal T2-weighted image (TR 3,700 ms, TE 80 ms) ( a ) 
shows a large intramural heterogeneous low-signal- 
intensity fi broid; sagittal contrast-enhanced fat-sup-
pressed T1-weighted image (TR 4 ms, TE 2 ms) ( b ) shows 

dishomogeneous low signal intensity of the fi broid, with a 
region with high signal intensity. This patient complains 
small continuous uterine bleeding after UFE. CEUS 
image ( c ) 2-month post-procedure of uterine fi broid 
embolization shows necrotic tissue in the uterine cavity       
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a b

c d

  Fig. 5.29    Intramural fi broids ( arrows  in all images) pre-
procedure ( a ,  b ) and 1 year after procedure ( c ,  d ) of uterine 
fi broid embolization. Axial DWI with b-Factor 800 ms 
(TR 2,600 ms, TE 70 ms) ( a ) and contrast-enhanced fat-
suppressed T1-weighted (TR 4 ms, TE 2 ms) ( b ) images 
show three intramural fi broids with an intermediate signal 
restriction on DWI image and with high signal enhance-

ment, similar to that of adjacent myometrium. Axial DWI 
with b-Factor 800 ms (TR 3,100 ms, TE 70 ms) ( c ) and 
contrast- enhanced fat-suppressed T1-weighted (TR 4 ms, 
TE 2 ms) ( d ) images, obtained 1 year after UFE, show 
moderate shrinkage of the fi broids that have no signal 
restriction on DWI image and are completely devascular-
ized. Patient refers satisfactory symptomatic improvement       

  Fig. 5.28    Voluminous intramural fi broid pre-procedure 
and 1-year post-procedure of uterine fi broid embolization. 
Sagittal T2-weighted image (TR 2,900 ms, TE 80 ms) ( a ) 
shows a large intramural heterogeneous low signal inten-
sity on T2-weighted fi broid in myxoid degeneration, 
which has a peripheral high signal enhancement and a 
central no enhancement area ( arrow ) on contrast- 
enhanced fat-suppressed T1-weighted image (TR 4 ms, 
TE 2 ms) ( b ); bladder is pressed. Axial DWI with b-Factor 
0 ms (TR 2,600 ms, TE 70 ms) ( c ) and with b-Factor 
800 ms (TR 2,600 ms, TE 70 ms) ( d ) demonstrate an 
intermediate signal restriction in the peripheral area of the 
leiomyoma fi broid, which corresponds to the well- 

vascularized area, and no signal restriction of the central 
degenerated area, which has no contrast-enhancement. 
Sagittal T2 (TR 3,600 ms, TE 80 ms) ( e ) and sagittal 
contrast- enhanced fat-suppressed T1-weighted (TR 4 ms, 
TE 2 ms) ( f ) images post-UFE show a very signifi cant 
shrinkage of uterine and fi broid volumes. Fibroid demon-
strates a homogeneous low signal intensity on T2-weighted 
image ( arrowhead  in  e ), and it is completely devascular-
ized after gadolinium administration. The uterus is regular 
and bladder is not pressed. Patient refers complete symp-
tomatic resolution         
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6.1            Introduction 

6.1.1     Anatomy and Pathology 

 Ovaries are paired nodular structures located 
 laterally to the uterus in relation to the lateral 
 pelvic wall. They are the female reproductive 
internal organs and can produce gonadal cells 
and secrete hormones – mainly estrogen and 
 progesterone. Their exact localization is highly 
variable, but they are typically found below the 
bifurcation of the common iliac vessels lateral to 
the uterine cornua. Histologically, the ovaries 
consist of several vesicular follicles embedded 
within a mixed connective tissue and spindle cell 
stroma. An adnexal mass is an enlarged structure 
in the uterine adnexa that can be palpated on 
bimanual pelvic examination or visualized with 
diagnostic imaging techniques [ 1 ,  2 ]. Adnexal 
masses are common fi ndings among both 

premenopausal and postmenopausal women – 
nearly 10 % of women will undergo surgical 
evaluation for an adnexal mass or a suspected 
ovarian  neoplasm at some point in their life [ 1 , 
 2 ]. The majority of adnexal masses in the overall 
population are benign, with a small percentage of 
patients harboring an ovarian malignancy. The 
main goals of an initial diagnostic work-up for an 
adnexal mass are to rule out malignancy and to 
differentiate between adnexal masses requiring 
surgical intervention and those that can be man-
aged conservatively. The differential diagnosis of 
an adnexal mass includes both gynecological and 
non- gynecological entities. Among the gyneco-
logical sources, diagnostic entities can be broadly 
separated into functional or physiological lesions, 
infl ammatory lesions, or neoplastic lesions 
(Table  6.1 ) [ 3 ].

   The latter category can be split into the 
 following sub-categories:
    (a)    Surface epithelial–stromal tumors   
   (b)    Sex cord–stromal tumors   
   (c)    Germ cell tumors   
   (d)    Secondary (metastatic) tumors     

 These latter are also important as treatment 
options differ from those for primary ovarian 
malignancies. 

 Overall, it is widely accepted that if an adnexal 
mass is considered to have an appreciable risk of 
malignancy, surgery should be recommended. It 
is nevertheless crucial to consider the clinical 
context of each individual patient diagnosed with 
an adnexal mass when determining the most 
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appropriate diagnostic and therapeutic strategy. 
Partly because of the low incidence of ovarian 
cancer in the general population, there are no 
accepted effective screening tests to early  identify 
women with ovarian cancer [ 4 ] – unless there is a 
strong family history or a known gene mutation 
(e.g., BRCA). 

 There are three main clinical routes by which 
an adnexal mass may be detected: (1) symptom-
atic women diagnosed with an adnexal mass by 
physical exam or imaging, (2) adnexal mass 
detected during bimanual pelvic examination, 
and (3) asymptomatic adnexal mass detected 
incidentally on imaging performed for another 
indication [ 2 ]. 

 In premenopausal women, the most likely 
 scenario is an ultrasound evaluation during the 
pregnancy – even though the incidence of a 
malignancy is rare in this case. In peri- or 

 postmenopausal women, the most common 
 scenario would be while performing an  evaluation 
for pelvic–vaginal (PV) bleeding. Since PV 
bleeding is not a common symptom of ovarian 
cancer, an adnexal mass found during evaluation 
for bleeding is an incidental fi nding [ 2 ].  

6.1.2     Imaging 

 Multimodality imaging assessment plays a key 
role in the management of adnexal masses. 
Imaging helps to plan the most appropriate thera-
peutic approach. Since benign ovarian lesions are 
nowadays treated with laparoscopy, pretreatment 
imaging fi ndings associated with proper charac-
terization of an ovarian lesion are crucial [ 5 ]. The 
following parameters should be assessed by 
imaging preoperatively: (a) exact origin of the 
mass, (b) likelihood of malignancy, and (c), when 
surgery is needed, the feasibility of laparoscopy 
versus laparotomy [ 6 ]. 

 Transabdominal and transvaginal ultrasonog-
raphy (TVUS) represents the fi rst-line imaging 
technique currently used to evaluate ovarian 
masses [ 7 ]. TVUS has been the foremost modal-
ity for detection and characterization of ovarian 
tumors. Especially with the advent of high- 
frequency transvaginal probes, the quality of 
images allows description of the lesion’s gross 
anatomical features, hence making TVUS the 
method of choice in studying ovarian lesions. 
This is, however, limited by the great variability 
of macroscopic characteristics of both benign 
and malignant masses. Furthermore, the tech-
nique is operator dependent. To overcome these 
limitations, morphological scoring systems have 
been developed – this being based on specifi c 
ultrasound parameters each with several scores 
according to determined imaging features of the 
lesion and clinical data. The color Doppler scan-
ning allows the assessment of tumor vascularity. 
Overall, malignancies display an increased vas-
cularity with decreased peripheral blood fl ow 
resistance and increased blood fl ow velocity 
compared with benign tissue [ 2 ,  8 – 10 ]. 
Nevertheless, a signifi cant proportion of adnexal 
masses (up to 20 %) remain indeterminate after 
TVUS. 

   Table 6.1    The most common etiologies of adnexal mass   

 Functional and physiologic 
  Follicles 
  Hemorrhagic 
  Corpus luteum 
 Infl ammatory 
  Pelvic infl ammatory disease 
  Endometrioma 
 Other benign 
  Paratubal cysts 
  Hydrosalpinx 
  Ectopic pregnancy 
  Ovarian torsion 
 Benign neoplasms 
  Germ cell 
   Mature cystic teratoma 
  Sex cord–stromal 
   Fibroma 
  Epithelial 
   Serous or mucinous cystadenoma 
 Malignant neoplasms 
  Germ cell tumor 
   Dysgerminoma 
   Immature teratoma 
  Sex cord–stromal tumor 
   Granulosa cell tumor 
   Epithelial ovarian carcinoma 
  Borderline or low malignant potential 
   Invasive epithelial 
   Fallopian tube carcinoma 
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 Magnetic resonance (MR) imaging is now 
widely accepted as the “problem-solving tech-
nique” for the characterization of an indetermi-
nate ovarian mass having both high sensitivity 
and specifi city in discriminating benign versus 
malignant lesions. Moreover, thanks to its exqui-
site soft tissue contrast defi nition, it can address 
specifi c diagnosis for certain pathological types 
[ 7 ] (e.g., teratomas, endometriomas). 

 Computed tomography is commonly per-
formed in preoperative disease burden assessment 
of a suspected ovarian malignancy [ 11 – 13 ]. 

6.1.2.1     MRI Assessment 
of an Adnexal Mass 

   Patient Preparation and Coil Selection 
for MRI Assessment 
 Patients undergoing MRI examination should 
have fasted for at least 4 h to limit artifacts due to 
bowel peristalsis. Further reduction of motion 
artifacts can be achieved with the use of antiperi-
staltic agents. Imaging is performed with the 
patient in supine position using a multichannel 
phase array coil. Endorectal and endovaginal 
coils have a limited fi eld of view for the assess-
ment of lateral pelvic structures and are therefore 
not routinely used.  

   Conventional MRI Sequences 
 A typical imaging protocol includes T1-weighted 
images (T1WI) in the axial plane and T2-weighted 
images (T2WI) in the axial, sagittal, and coronal 
planes using a small fi eld of view (20 cm), a high 
resolution matrix (e.g., 256 × 256), and thin sec-
tion images (3 mm). Fat-saturated T1-weighted 
images (T1W FS) are used to evaluate the pres-
ence of fat or hemorrhage, especially when high 
signal intensity is seen within the adnexa on 
T1WI and a dermoid tumor or endometriosis is 
suspected. In patients undergoing ovarian cancer 
staging, axial T1WI or fast spin-echo T2WI with 
a large fi eld of view up to the renal pelvis should 
be included to evaluate the presence of metastatic 
disease (e.g., lymph node, liver, or bone 
metastases).  

   Contrast-Enhanced MRI Sequences 
 Gadolinium-enhanced images are useful for the 
evaluation of complex lesions as they may help 

differentiating solid components or papillary 
 projections from clots and debris. Multiphase 
contrast- enhanced MRI is performed by using a 
three-dimensional gradient echo T1-weighted 
sequence after administration of 0.1 mmol gado-
linium per kg of body weight. Dynamic contrast- 
enhanced MRI (DCE-MRI) involves repeatedly 
imaging a predetermined volume of interest 
every few seconds over 5–10 min during the pas-
sage of the contrast agent through the tissue of 
interest, so that changes in signal intensity can be 
assessed as a function of time. Semi-quantitative 
analysis can be performed through several param-
eters derived from contrast enhancement/time 
curves.  

   Diffusion-Weighted MRI (DW-MRI) 
 DW-MRI is performed using two or more  b - 
values , which include one or more low  b -values 
(50–100 s/mm 2 ) and a high  b -value (750–1,000 s/
mm 2 ). The apparent diffusion coeffi cient (ADC) 
is measured in mm 2 /s and is calculated by the 
slope of the line of the natural logarithm of signal 
intensity versus  b -values. The ADC maps are 
usually displayed as gray-scale images. Areas of 
restricted diffusion have lower ADC values and 
appear as a darker shade of gray on the ADC 
maps compared with areas of freely moving 
water such as cysts or bladder, which appear as a 
lighter shade of gray. Areas of restricted diffusion 
appear bright in the high- b -value images ( b -value 
750–1,000 s/mm 2 ).  

   Role of MRI in Characterizing Ovarian 
Masses 
 The greatest strength of MRI lies in its ability to 
characterize the physical and biochemical prop-
erties of different tissues (e.g., water, iron, fat, 
and extravascular blood and its breakdown prod-
ucts) through the use of multiple imaging 
sequences. There are no MRI signal intensity 
characteristics that are specifi c for malignant epi-
thelial tumor, and these tumors should be distin-
guished based on morphologic criteria. The MRI 
features most predictive of malignancy are an 
enhancing solid component or vegetations within 
a cystic lesion, presence of necrosis within a solid 
lesion, as well as presence of ascites and perito-
neal deposits [ 14 ,  15 ].    
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6.1.3     Defi ning the Origin of a Pelvic 
Mass: Adnexal, Extra-adnexal, 
and Extraperitoneal 

 Defi ning the correct origin of a mass is the fi rst 
diagnostic step in setting up a treatment strategy. 
The size, architecture, and location may appear 
similar in adnexal, extra-adnexal peritoneal 
masses and even in extraperitoneal lesions. 
However, special features determining the ana-
tomical relationship of the mass and the sur-
rounding pelvic anatomical structures can help in 
their differentiation [ 16 ]. These parameters 
include visualization of ovarian structures, the 
type of contour deformity at the interface between 
the ovary and the pelvic mass, and the displace-
ment pattern of the vessels, ureters, and other pel-
vic organs. Particularly in large pelvic lesions, 
the ovary may often be obscured or totally 
invaded by the mass [ 8 ]. In smaller lesions, when 
the ovary is not completely obscured, identifying 
ovarian structures – such as follicles – indicates 
its ovarian origin. Specifi c signs such as the 
“beak” sign and the “embedded organ” sign can 
aid in better defi ning the mass relationship with 
the ovary. When a mass deforms the edge of the 
ovary into a beak shape, it is likely arising from 
the ovary. In contrast, dull edges at the interface 
with the adjacent ovary suggest that the tumor 
compresses the ovary but does not arise from this 
[ 16 ]. Large ovarian masses typically displace the 
ureter posteriorly or posterolaterally. However 
other intraperitoneal lesions (e.g., those originat-
ing from the bladder, the uterus, or the bowel) 
can cause the same pattern of displacement [ 17 ]. 
An adnexal lesion typically displaces iliac ves-
sels laterally.    In contrast, extraovarian masses 
arising from the pelvic wall or lymphadenopa-
thies displace the iliac vessels medially. The mass 
origin may be further elucidated by tracking the 
vascular pedicle or the ovarian suspensory liga-
ment [ 16 ]. Because of their close anatomical 
relationship, masses arising from the fallopian 
tubes often cannot be distinguished from ovarian 
ones. However, incomplete septa emerging from 
the wall of a cystic “sausage-like” adnexal mass 
indicate its fallopian origin [ 18 ].  

6.1.4     Differentiating Benign 
from Malignant Lesions 

 The clinical signifi cance of discriminating benign 
from malignant masses differs depending on the 
clinical setting in which the mass is initially 
detected. For women with symptoms, in whom 
surgical management may be appropriate whether 
or not the mass is malignant, the main reason to 
discriminate between benign and malignant 
lesions is to set up the correct management. For 
asymptomatic women, discriminating benign 
from malignant disease is important both to 
ensure appropriate management in the setting of 
malignancy and to avoid unnecessary diagnostic 
procedures, including surgery. 

 Several MR imaging fi ndings suggestive of 
malignancy have been reported in the literature. 
   These can be summarized as follows: complex 
solid–cystic appearance, presence of wall irregu-
larity and thickening, multiple (>5) septations 
with nodularity, and vegetations and solid enhanc-
ing components after contrast medium adminis-
tration [ 19 ]. Predominantly cystic appearance 
with thin wall and septa and presence of strong 
hypointensity on T2-weighted images are more 
often associated with benign lesions. Secondary 
features of malignancy representing disease 
involvement of surrounding/distant structures 
consist of peritoneal, mesenteric, or omental 
deposits, pelvic side wall invasion, and lymphade-
nopathy, although pelvic ascites can also be seen 
in ovarian torsion, pelvic infl ammatory disease, 
and benign ovarian fi broma [ 3 ,  4 ]. When these 
criteria are applied, the method sensitivity in 
detecting malignancy is 91–100 % and the speci-
fi city is 91–92 % [ 19 ,  20 ]. More recently, func-
tional MRI techniques such as diffusion- weighted 
MRI (DW-MRI) and dynamic contrast- enhanced 
MRI (DCE-MRI) have demonstrated a valid con-
tribution in ovarian masses’  characterization. 
DW-MRI indirectly informs about tumor cellular-
ity and tumor membrane integrity via apparent 
diffusion coeffi cient (ADC) calculation. The 
ADC value has been reported as useful in discrim-
inating between benign and malignant ovarian 
surface epithelial tumors [ 20 ], although there is 
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still no evidence that DW-MRI can independently 
 characterize an ovarian mass [ 21 – 25 ]. DCE-MRI 
characterizes the leakage of contrast agent from 
capillaries into the extravascular extracellular 
space allowing quantitative measurements that 
refl ect blood fl ow and vascular permeability. 
Quantitative DCE-MRI parameters have been 
shown to correlate to tumor angiogenesis status 
[ 26 ]. Semi-quantitative DCE-MRI parameters 
and curve analyses have also demonstrated a role 
in predicting malignancy with an increased speci-
fi city compared with conventional MRI [ 27 ]. 
Specifi cally a relationship between early enhance-
ment of solid tumor components and malignancy 
has been postulated [ 5 ,  28 ,  29 ]. 

 The probability of malignancy is also related 
to the patient’s age. In young women less than 9 
years of age, 80 % of ovarian masses are malig-
nant, with the vast majority consisting of germ 
cell tumors. In women of reproductive 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 [ 30 ]. 

6.1.4.1     Low-Risk Adnexal Masses 
 If both pre-assessment probability and imaging 
studies demonstrate low probability of malig-
nancy, additional tests can be avoided [ 3 ].  

6.1.4.2     Intermediate-Risk Adnexal 
Masses 

 The most challenging decision-making cases are 
the ones with intermediate risk for malignancy. A 
large proportion of intermediate-risk adnexal 
masses represent benign entities. Tests with 
greater specifi city allow point-of-care triage that 
may obviate the need for surgery that would oth-
erwise be purely for diagnostic purposes. 
However, in case of malignancy they would 
potentially offer a more timely diagnosis than a 
“watch and wait” strategy with interval ultra-
sound reassessment [ 3 ]. Tumor markers such as 
CA125 may be selectively performed, particu-
larly in the postmenopausal population in which 
specifi city is higher. Alternatively, surgical evalu-
ation can be considered if the perceived risk for 
malignancy justifi es this intervention [ 3 ].  

6.1.4.3     High-Risk Adnexal Masses 
 If there is suffi ciently high risk, then additional 
diagnostic studies may not be necessary, and 
 clinicians may wish to proceed with studies most 
relevant to surgical planning and    gyne-oncology 
referral [ 3 ].   

6.1.5     Ovarian Tumors by 
Morphologic Characteristics 

 Morphological characteristics of adnexal masses 
provide important information for determining 
the pathological group of a tumor. Although MR 
imaging fi ndings are not specifi c for any particu-
lar pathological group, some imaging features are 
more characteristic of one pathological group 
than another. Ovarian tumors are usually classi-
fi ed into three groups: cystic masses (unilocular 
or multilocular), cystic and solid masses, and pre-
dominantly solid masses. 

6.1.5.1     Cystic Masses 
 Cystic masses may include nonneoplastic 
cysts, benign neoplasms, and borderline neo-
plasms. Functional cysts, para-ovarian cysts, 
hydrosalpinx, endometriotic cysts, serous cyst-
adenomas, mucinous cystadenomas, and muci-
nous cystic tumors of borderline malignancy 
are the ovarian cystic lesions most frequently 
found.  

6.1.5.2     Cystic and Solid Masses 
 In general, a combined cystic and solid mass 
strongly supports the diagnosis of ovarian malig-
nancy. Primary epithelial carcinomas and meta-
static tumors often show a cystic and solid 
appearance. Mature cystic teratoma is the impor-
tant exception to this appearance.  

6.1.5.3     Solid Masses 
 Predominantly solid ovarian masses include 
benign, borderline, and malignant tumors. The 
main entities are fi brothecomas, Brenner 
tumors, granulosa cell tumors, dysgerminomas, 
epithelial ovarian carcinomas, and metastatic 
carcinomas.    
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6.2     Benign Ovarian Lesions 

 Benign adnexal lesions constitute about 80 % of 
all ovarian tumors. They mostly occur in young 
women (<45 years). As for malignant tumors, 
benign neoplasms arise from one of the three 
ovarian components: surface epithelium, germ 
cells, or sex cord–stroma [ 31 ]. 

6.2.1     Physiologic Ovarian Cysts 

 Ovarian cysts below 3 cm are generally 
 considered physiological. These entities can be 
divided into functional (associated with hormone 
production) or nonfunctional [ 32 ]. Functional 
cysts comprise follicular cysts, corpus luteum 
cysts, and uncommon cysts such as the theca–
lutein cysts [ 33 ] (Fig.  6.1 ). Simple cysts are thin-
walled (<3 mm), unilocular, and below 3 cm in 
diameter, but can occasionally grow larger. They 
usually develop during reproductive age, but may 
also be found in postmenopausal age and are 
almost always asymptomatic. The majority are 
follicular cysts and result from failure of rupture 
or of regression of the Graafi an follicle. They are 
usually self-limiting and usually regress sponta-
neously within 2 months. Sometimes they are 

complicated by rupture and may cause  abdominal 
pain and hemoperitoneum [ 7 ]. Most functional 
cysts appear as unilocular small cystic lesions 
with high signal intensity on T2-weighted images 
and intermediate to low signal intensity on 
T1-weighted images, refl ecting simple fl uid con-
tent. Hemorrhagic cysts usually present high sig-
nal on T1-weighted images [ 10 ,  34 ]. The thin 
wall of functional cysts is best depicted on 
T2-weighted images as a hypointense structure 
and on contrast-enhanced images as hypervascu-
lar in respect to ovarian stroma [ 11 ,  35 ,  36 ]. 
When below 3 cm of diameter, they cannot be 
differentiated from mature follicles. Unilocular 
cystadenomas may mimic functional cysts, but a 
follow-up that shows regression over 2–3 ovarian 
cycles allow the diagnosis of functional cyst. 
Corpus luteum cysts may get bigger in size 
because of internal hemorrhage [ 2 ,  37 ,  38 ]. 
Hemorrhagic and corpus luteum cysts usually 
have thicker walls with relatively higher signal 
intensity on T1-weighted images and intermedi-
ate to high signal intensity on T2-weighted 
images [ 11 ]. Among nonpregnant women, corpus 
luteum cysts derive from failure of regression or 
hemorrhage into the corpus luteum [ 2 ]. Theca–
lutein cysts develop when choriogonadotropin 
levels are abnormally increased – e.g., in the 

a b

  Fig. 6.1    Inclusion cyst. Follow-up scan in a 44-year-old 
woman with history of endometriosis. Sagittal and axial 
spin-echo T2-weighted images (TR:4361, TE:80;  a ,  b ): 

right-sided pelvic collection containing the right ovary 
anteriorly ( arrows ). There are no suspicious solid 
components       
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 gestational trophoblastic disease or in the ovarian 
hyperstimulation syndrome [ 31 ,  39 ]. Progesterone 
production may persist in corpus luteum cysts, 
therefore resulting in dysmenorrhea. When these 
cysts are large in size, they can cause abdominal 
pain because of rupture, hemorrhage, or torsion. 
Corpus luteum cysts often require indeed up to 3 
months to regress [ 2 ,  7 ]. Both corpus luteum 
cysts and endometriomas may show hemorrhagic 
content; however, a prominent T2 shading can be 
observed only in endometriomas, while corpus 
luteum cysts contain less concentrated hemoglo-
bin, so the T2 shading is less common [ 32 ,  40 ]. 
Internal debris and fi brin clots can be differenti-
ated from papillary projections of epithelial 
tumors by their lack of enhancement [ 32 ].   

6.2.2     Endometriomas 

 External endometriosis is defi ned as the condi-
tion in which endometrial tissue is found in extra-
uterine sites [ 40 ,  41 ]. Endometrioid cysts, or 
endometriomas, are benign entities that can reach 
fairly large dimensions [ 40 ]. Malignant transfor-
mation is a rare complication (less than 1 %), and 
the most common histological subtypes include 
endometrioid and clear cell carcinoma [ 42 ]. 

 External endometriosis mainly affects ovaries 
[ 41 ] and bilateral ovarian involvement occurs in 
30–50 % of patients [ 43 ]. Endometriomas 
 contain an obliterated loculus, lined by endome-
trial glands [ 44 ,  45 ]. These lesions range from 
cystic to solid appearance, depending on cyclic 
modifi cations under hormonal stimulation – 
likewise the normal endometrium.    As a result, 
endometriomas may enlarge [ 7 ] and their walls 
can become fi brotic and thickened and may pres-
ent an irregular external border [ 46 ].    These 
aspects have been explained with the attitude of 
endometrial loculi to perforate, producing a 
severe fi brosis as a result of the irritating effect 
of blood, with subsequent adhesion to the sur-
rounding structures. Another hypothesis is that 
endometrial cysts have a free exit to the perito-
neal cavity and are necessarily sealed off by 
organized blood or adhesions to surrounding 
organs [ 7 ]. Malignant transformation is a rare 

complication (less than 1 %); the most common 
histological subtypes include endometrioid and 
clear cell carcinoma [ 42 ,  47 ]. 

 On MRI endometriomas usually present as 
multiple hemorrhagic cysts [ 34 ,  48 – 50 ]. They 
have an iron concentration many times higher 
than even the whole blood [ 51 – 53 ], and this char-
acteristic gives them their typical very high sig-
nal intensity on T1-weighted fat-suppressed 
images and low signal intensity on T2-weighted 
images [ 54 ]. Homogeneous T2 shading, defi ned 
as signal loss on T2-weighted images [ 55 ], is a 
characteristic feature of endometriomas, and it 
mainly depends on their age and the amount of 
hemosiderin [ 56 ]. Other MRI fi ndings include: 
adhesion to surrounding organs, a distinct low- 
intensity zone surrounding a cyst loculus on both 
T1- and T2-weighted images (thick fi brous cap-
sule), loculus content with short T1 and T2 val-
ues (recent hemorrhagic content), dependent 
layering and a T2-hypointense fl uid level repre-
senting different-aged blood products, and a 
hypointense peripheral ring caused by hemosid-
erin staining in chronic lesions [ 7 ,  34 ]. Non- 
cystic endometriomas may be diffi cult to identify 
due to their small size. Nevertheless, these 
implants are obviously more evident on fat- 
saturated T1-weighted images and show low sig-
nal intensity on T2-weighted images due to 
fi brosis surrounding glandular islands [ 57 – 60 ]. 
DW imaging may aid in differentiation between 
clots and clear cell cancer development within 
almost-solid endometriomas [ 48 ,  60 ,  61 ].  

6.2.3     Cystadenomas 

 Cystadenomas are common epithelial ovarian 
tumors. Two main histological cystadenomas 
subtypes have been identifi ed: serous and 
 mucinous [ 33 ]. Although an overlap exists, imag-
ing features may aid in the differentiation of 
serous from mucinous cystadenomas [ 5 ]. 

 They account for 40–50 % of benign ovarian 
tumors in the reproductive age, with an increas-
ing frequency with age, so that after menopause 
cystadenomas account for up to 80 % of the 
benign ovarian tumors [ 5 ,  32 ]. Cystadenomas are 
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thin-walled unilocular or  multilocular cystic 
lesions fi lled with serous or mucinous content, 
sometimes showing hemorrhagic content [ 22 ]. 
Papillary projections within cystic walls are 
rarely found; therefore, these fi ndings should 
raise the suspicion of malignancy [ 22 ,  62 ,  63 ]. 
Serous and mucinous cystadenomas differ in 
pathology and prognosis. Serous cystadenomas 
account for 20–40 % of all benign ovarian neo-
plasms, with a peak incidence in the 4th to 5th 
decade of life, and up to 20 % of them are bilat-
eral. They are often unilocular and the inner lin-
ing may be smooth or have gross papillary 
projections [ 5 ,  33 ,  64 ] (Fig.  6.2 ). Mucinous cyst-
adenomas account for 20–25 % of benign ovar-
ian neoplasms. They are more common during 
the 3rd to 5th decade of life and are bilateral in 
only 2–5 % of cases. They tend to be larger at the 
time of presentation and are more frequently 
multilocular, with different contents of the loculi. 
Mucinous cystadenomas are lined by a single 

layer of tall, columnar epithelial cells and con-
tain a sticky gelatinous fl uid; rupture of a muci-
nous cystadenoma can result in pseudomyxoma 
peritonei [ 5 ,  22 ,  25 ]. At MRI serous cystadeno-
mas have simple fl uid signal and hypointense on 
T1- and hyperintense on T2-weighted images. In 
contrast, mucinous cystadenomas have often var-
ious signal intensities depending on the content 
of different loculi, varying from simple fl uid to 
proteinaceous to hemorrhagic. Mucin has lower 
intensity than serum on T2-weighted images. 
Rarely, mucinous cystadenoma can present as a 
simple cyst [ 5 ].

6.2.4        Adenofi broma 
and Cystadenofi broma 

 Adenofi bromas and cystadenofi bromas are clas-
sifi ed as surface epithelial–stromal tumors. They 
represent about half of all benign ovarian cystic 
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  Fig. 6.2    Benign serous cystadenoma. A 32-year-old 
woman with a right adnexal cystic lesion showing thin 
septa on the right wall ( arrow ). The largest component 
shows high signal on T1-weighted (TR:519, TE:10;  a ) 
and T2-weighted imaging (TR:4361, TE:80;  b ) sugges-
tive of hemorrhagic and/or proteinaceous contents. The 
remainder of the complex lesion shows low signal on 

T1-weighted imaging (TR:519, TE:10) and high on 
T2-weighted imaging (TR:4361, TE:80). There is no 
 signifi cant enhancement following gadolinium (axial and 
sagittal T1 fat-sat imaging, TR:519, TE:10;  c ,  d ). No 
pathological areas of restricted diffusion ( b  = 1,000 
 imaging,  e ;    corresponding ADC map,  f )       
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serous tumors and are usually found in women 
aged 15–65 years [ 65 ]. Imaging features are non-
specifi c and may be similar to malignant or bor-
derline tumors [ 66 ]. In fact, the variable amount 
of fi brous stroma determines various aspects, 
from oligocystic to complex cystic with solid 
components or even totally solid, that can mimic 
ovarian cancer [ 22 ,  67 ]. Almost half of the 
patients with cystadenofi broma have an abnormal 
contralateral ovary [ 68 ]. Adenofi bromas and 
cystadenofi bromas are histologically character-
ized by fi brous tissue components with epithelial 
elements, similar to those of ovarian cystadeno-
mas. They can also be completely cystic, with 
microscopic stromal foci, and their margins are 
usually well defi ned and smooth [ 22 ,  59 ,  69 ]. A 
black spongelike appearance on T2-weighted 
images is characteristic of these tumors, consist-
ing of tiny high T2 signal intensity foci within 
very hypointense solid components, refl ecting 

small cystic glandular structures within a dense 
fi brous stroma [ 60 ]. The majority of solid com-
ponents shows very low T2 signal intensity and 
minimal enhancement [ 5 ,  6 ,  33 ,  60 ,  70 ]. Low sig-
nal intensity and diffusely or partially thickened 
cystic wall on T2-weighted images are features 
suggestive of cystadenofi broma [ 62 ] (Fig.  6.3 ). 
On DW images, the majority of fi bromas and 
fi brothecomas show both low signal intensity on 
high- b -value images and low corresponding 
ADC values (mean 1.156 × 10 −3  mm 2 /s) owing to 
collagen-producing fi broblasts and a dense net-
work of collagen fi bers and also to the T2 black-
out effect [ 24 ,  25 ,  60 ]. Fibrothecomas with 
degeneration may display intermediate to high 
signal intensity on high- b -value images [ 33 ,  64 , 
 65 ,  71 ]. The presence of prominent solid compo-
nents with high T2 signal intensity and strong 
enhancement are typical for cystadenocarcinofi -
broma [ 62 ].
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  Fig. 6.3    Cystadenofi broma. A 39-year-old woman with 
normal CA125. Pelvic MRI demonstrates a left-sided 
complex, predominantly cystic, adnexal mass. The fl uid 
contents are of high signal intensity on T2-weighted 
(TR:4361, TE:80;  a ,  b ) and T1-weighted images (TR:519, 
TE:10;  c ) with no signal loss on the fat-sat images (TR:519, 

TE:10;  d ) in keeping with proteinaceous/hemorrhagic 
materials. There is a papillary “carpet-like” wall thicken-
ing on the left anterior aspect of the mass with a very low 
signal intensity on T1- and T2-weighted images ( arrows ); 
this demonstrates mild, delayed contrast medium enhance-
ment (post-gadolinium T1-weighted fat- sat image,  d )       
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6.2.5        Brenner Tumor 

 Brenner tumors are rare (1–3 %), mostly benign 
and incidentally found solid tumors, belonging to 
the epithelial surface derived tumors. They are 
composed of transitional cells with dense stroma, 
and a malignant component is rare [ 54 ]. They 
represent about 2–3 % of ovarian tumors and usu-
ally occur at a mean age of 50 years. They are 
usually small (<2 cm), solid, and unilateral [ 54 ]. 
Cystic components can be found in Brenner 
tumors, and in 20–30 % of cases they are associ-
ated with mucinous cystadenomas or other epi-
thelial neoplasm [ 32 ,  54 ,  72 ,  73 ]. Brenner tumors 
may rarely produce estrogen; therefore, they can 
be associated with endometrial thickening [ 67 ]. 
On T2-weighted MR imaging, the dense fi brous 
stroma presents low signal intensity, similar to 
that of a fi broma. Extensive amorphous calcifi ca-
tion is often present within the solid component 
[ 62 ,  67 ,  68 ]. On DW images, Brenner tumors 
show both low signal intensity on high- b -value 
images and low corresponding ADC values 
(mean 1.156 × 10 −3  mm 2 /s) owing to collagen- 
producing fi broblasts, to a dense network of col-
lagen fi bers, and also to the T2 blackout effect 
[ 64 ,  65 ]. The combination of a    multi-septated 
ovarian tumor with a solid part with extensive 
calcifi cations may suggest the presence of a col-
lision tumor consisting of a Brenner tumor and a 
cystic ovarian neoplasm, like cystadenoma [ 54 ].  

6.2.6     Dermoid Cyst/Mature 
Teratoma 

 These are relatively common benign ovarian 
lesions, containing structures derived from the 
three germ cell layers. At imaging, the presence 
of fat within a cystic ovarian mass is pathogno-
monic for a mature cystic teratoma [ 74 ]. They 
are the most common ovarian neoplasms below 
45 years of age, accounting for up to 70 % of 
tumors in women below 19 years of age [ 75 ]. 
They are usually unilateral, with only 10–15 % 
of dermoids found bilaterally [ 54 ]. They can be 
divided into three categories, among which 
mature cystic teratomas account for 99 %; less 

common types are the monodermal, which 
include struma ovarii and carcinoid tumors [ 54 ]. 
Although all three germ cell layers are present, 
ectodermal components predominate [ 63 ]. In the 
vast majority (88 %), dermoids are unilocular 
cystic lesions; a protuberance, called Rokitansky 
nodule or dermoid plug, projects into the cavity 
and is the hallmark of dermoids. Mature terato-
mas typically have a lipid content (90 %), con-
sisting of sebaceous fl uid, or adipose tissue 
within the cystic wall or the dermoid plug [ 73 ]. 
The Rokitansky nodule contains a variety of tis-
sues, often including fat and calcifi cations, 
which represent teeth (31 %) or abortive bone 
[ 54 ,  74 ,  76 ]. A minority (8 %) of dermoid cysts 
do not demonstrate fat [ 74 ]. Dermoids are usu-
ally asymptomatic, incidentally discovered, and 
tend to grow slowly [ 77 ,  78 ]. Malignant degen-
eration, torsion and rupture, which can cause 
acute abdomen due to granulomatous peritonitis 
caused by leakage of the fatty content, can be 
present [ 79 ]; in particular, malignant degenera-
tion, mainly arising from the dermoid plug, 
occurs in up to 2 % and is usually found in the 
6th to 7th decades of life. The risk of malignancy 
is associated with larger size (>10 cm) and post-
menopausal age [ 80 ]. Capsule perforation is a 
sign for malignant transformation of a mature 
teratoma [ 81 ]. At MRI mature teratomas are 
 usually round or oval and sharply delineated; the 
lipid-laden cyst fl uid shows high signal intensity 
on T1-weighted images and intermediate signal 
intensity on T2-weighted images (Fig.  6.4 ). Fat 
has a high signal intensity on T1- and 
T2-weighted fast spin-echo images and loss of 
signal on fat-saturated T1-weighted images. 
Chemical shift artifacts can be observed, 
 differentiating fat from hemorrhage. There are 
some typical internal patterns, such as palm tree-
like protrusions or dermoid nipples [ 40 ,  82 ,  83 ]. 
Calcifi cations can be missed on MRI due to the 
low signal intensity on both T1- and T2-weighted 
images. The presence of sebaceous fl uid fl oating 
in the peritoneal cavity can suggest rupture [ 72 ]. 
Low ADC values caused by keratin may be use-
ful in differentiation of mature teratomas with 
little fat from other cystic tumors; despite this, 
chemical shift imaging seems a better alternative 
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[ 22 ,  35 ,  51 ]. MR fat-suppressed or chemical 
shift images are reliable for the differentiation of 
fat from hemorrhage [ 84 ]. In particular, when no 
or small amounts of fat are present, dermoids 
cannot be distinguishable from benign cystic 
ovarian tumors or ovarian cancer [ 79 ]. 
Monodermal teratomas are solid lesions, mainly 
or exclusively composed of one tissue type. 
They include struma ovarii, ovarian carcinoid 
tumors, and tumors with neural differentiation. 
Monodermal teratomas are typically solid 
lesions [ 22 ]. Struma ovarii is the most common 
type (3 %); it consists of mature thyroid tissue, 
but a mixed morphology with acini fi lled with 
thyroid colloid, hemorrhage, fi brosis, and necro-
sis can be found. Rarely, struma ovarii may pro-
duce thyrotoxicosis. They present as cystic or 
multilocular lesions with loculi displaying high 
signal intensity on T1- and T2-weighted images, 
without fat [ 85 ].

6.2.7        Fibroma, Thecoma, 
and Fibrothecoma 

 They are sex cord–stromal tumors, composed of 
spindle cells forming a variable amount of fi bro-
sis and other cells [ 33 ] and can occur in both pre- 
and postmenopausal women. They are solid 
tumors accounting for 3–4 % of all ovarian 
tumors, typically unilateral (90 %), occurring in 
middle-aged and peri- and postmenopausal 
women. Fibromas are composed of whorled bun-
dles of spindle-shaped fi broblasts with abundant 
collagen [ 18 ,  22 ,  86 ]. Fibromas are important 
from an imaging standpoint because they mimic 
malignant neoplasms. They can also be associ-
ated with ascites and rarely with pleural effusion 
[ 87 ,  88 ]. The association of an ovarian fi broma, 
ascites, and pleural effusion is known as Meigs 
syndrome. Thecomas and fi brothecomas can have 
estrogenic activity [ 63 ]. Bilateral fi bromas are 
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  Fig. 6.4    Mature teratoma. A 47-year-old woman with 
ovarian enlargement on US and normal CA125. Pelvic 
MRI shows a right-sided complex adnexal mass. There is 
a fl uid–fl uid level, as depicted on axial T2-weigted image 
(TR:4361, TE:80;  a ) with hyperintense material on the top 
on axial T1-weighted image (TR:519, TE:10;  b ), the sig-
nal of which is suppressed on fat-saturated T1-weighted 

pulse sequence (TR:519, TE:10;  c ) indicative of the 
 presence of fat. There are central areas which are of inter-
mediate signal intensity suggestive of soft tissue 
( a ,  arrow ) consistent with the typical Rokitansky nodule. 
These components demonstrate restricted diffusion 
(hyperintense on the b1000 –  d ) but do not demonstrate 
contrast enhancement ( c )       
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also present in basal cell nevus  syndrome, along 
with basal cell carcinomas, bony, ocular, and 
brain abnormalities as well as other tumors [ 63 ]. 

 Fibrothecomas are composed of thecal cells 
with abundant fi brosis. Unlike fi bromas, they can 
have estrogenic activity and may present with 
uterine bleeding. In more than 20 %, endometrial 
carcinomas may be present concomitantly [ 63 ]. 
Because of their abundant collagen content, small 
fi bromas and fi brothecomas have imaging fea-
tures similar to uterine leiomyomas, with inter-
mediate to low signal intensity on T1-weighted 

images and hypointensity on T2-weighted 
images. Larger lesions may have an inhomoge-
nous structure with high signal intensity foci 
within the low signal intensity lesion, represent-
ing edema or cystic degeneration [ 22 ,  83 ,  89 ] 
(Fig.  6.5 ). In larger lesions, dense amorphous cal-
cifi cations are present but not well appreciated 
because of their low signal intensity on 
T2-weighted images. Fibromas and fi brotheco-
mas tend to show mild or delayed gadolinium 
enhancement [ 22 ,  83 ].    Differential diagnosis 
should be made with ovarian lesions with fi brous 
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  Fig. 6.5    Ovarian fi broma. A 55-year-old lady with pain 
on the left pelvis. Left ovarian mass showing very low 
signal intensity on T2-weighted images (axial and sagit-
tal T2-weighted images, TR:4361, TE:80;  a ,  b ) and low 
signal intensity on T1-weighted image (coronal 

T1-weighted imaging without and with fat saturation, 
TR:519, TE:10;  c ,  d ) in keeping with a fi broma. There is 
a further small cyst at the posterior margin of the fi broma 
( arrow ). The right ovary shows a small follicular cyst 
( curved arrow )       
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components other than fi broma and fi brotheco-
mas that are cystadenofi broma and Brenner 
tumor [ 35 ,  82 ]. Pedunculated uterine leiomyo-
mas and broad-ligament leiomyomas can appear 
as ovarian masses and have the same signal inten-
sity features of fi bromas and fi brothecomas. The 
recognition of the interface vessels between the 
uterus and adnexal mass is a useful tool in dif-
ferentiating leiomyomas from ovarian fi bromas 
[ 90 ,  91 ].

6.2.8        Sclerosing Stromal Tumor 

 Sclerosing stromal tumors are rare benign ovar-
ian tumors occurring in young women [ 92 ]. They 
present as large masses with cystic and solid 
components. On MRI, they show a mixed hyper- 
and hypointense appearance on T2-weighted 
images. On dynamic images, the tumors show 
early peripheral enhancement with centripetal 
progression. A central area of prolonged enhance-
ment of the mass represents fi brous hypocellular 
areas. The appearance after contrast medium 
administration is useful to differentiate scleros-
ing stromal tumors from fi bromas [ 85 ,  93 ,  94 ].   

6.3     Malignant Neoplasms 

6.3.1     Epidemiology and Clinical 
Features 

 Worldwide, ovarian cancer accounts for 4 % of all 
female cancers and is the most frequent cause of 
death from gynecological malignancy with 239 
new cases/year. In the majority of cases, it is a 
sporadic tumor and presents over the age of 30 
years. There is a correlation between age distribu-
tion and tumor histology. Epithelial ovarian carci-
nomas usually present in postmenopausal women, 
whereas sex cord–stromal tumors and germ cell 
tumors are prevalent in young women around the 
age of 20–30 years. Several risk factors for ovar-
ian cancer have been identifi ed: increasing age, 
nulliparity, early menarche, late menopause, and 
long-term hormone replacement therapy. There 
are three recognized hereditary forms of ovarian 

cancer: breast–ovarian familial cancer syndrome 
(related to BRCA1 gene mutation), multiple site 
cancer family syndrome (Lynch II syndrome) and 
site-specifi c ovarian cancer. These tumors account 
for 5–10 % of the total cases; they tend to present 
mostly in premenopausal women and cause an 
increased –around 50 % – lifetime risk of devel-
oping ovarian carcinoma [ 95 ]. 

 The most frequent clinical presentation of all 
ovarian malignancies consists of abdominal pain 
and swelling due to the fact that the tumor tends 
to manifest itself only when it has reached a large 
size. Functional ovarian neoplasms may present 
with specifi c endocrine and non-endocrine syn-
dromes [ 96 ]. CA125 is currently the most com-
monly used serum marker for ovarian cancer, 
particularly in monitoring treated patients. Its 
role for initial diagnosis and staging is limited 
due to low sensitivity and specifi city, particularly 
for stage I ovarian carcinoma. It also has a high 
false-positive rate in premenopausal women [ 97 ].  

6.3.2     Staging 

 The gold standard for staging ovarian cancer 
remains surgery according to the International 
Federation of Gynaecology and Obstetrics (FIGO) 
guidelines. Those are based on the concept that 
ovarian cancer spreads centrifugally from the pel-
vis into the peritoneal cavity metastasizing outside 
the peritoneum only in advanced disease (National 
Comprehensive Cancer Network - NCCN guide-
lines for ovarian cancer). A TNM classifi cation 
has also been defi ned [ 98 ] (Table  6.2 ).

   Cross-sectional imaging staging is warranted 
for complex adnexal mass highly suggestive of 
malignancy (after US and/or CE-MRI) or for a 
noninfl ammatory complex adnexal mass with 
associated ascites. The main targets of preopera-
tive staging are:
•    Confi rmation of malignant adnexal mass  
•   Tumor burden assessment with metastatic site 

determination and possible complication 
assessment (bowel obstruction, hydronephro-
sis, or venous thrombosis)  

•   Exclusion of a different primary site (GI tract, 
pancreas)    
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 Multidetector computer tomography (MDCT) 
is the imaging technique of choice in ovarian 
cancer staging and follow-up. MRI is a second-
line technique for staging mainly due to the long 
examination time and limitations covering large 
fi eld of view. Despite this MRI becomes fi rst 
line for preoperative staging in specifi c 
situations:
•    Contraindication to contrast medium adminis-

tration (allergy)  
•   Pregnancy  
•   Young age    

 When MRI is used to assess disease burden, 
DWI with high  b -values should always be 
included to assess peritoneal deposits due to its 
high sensitivity [ 99 ]. 

 PET/CT may also be used for staging as an 
alternative to CT or MRI, particularly in patients 
presenting with pleural effusion and/or suprare-
nal lymphadenopathy [ 100 ]. Nevertheless PET/
CT should be used carefully in early-stage  disease 
due to its high rate of false-positive results [ 101 ]. 

 Finally, it should be kept in mind that the opti-
mal coverage for staging ovarian cancer by CT or 
MRI includes imaging from lung bases to the 
inguinal region [ 102 ].  

6.3.3     Pathology and MRI Correlation 

 Ovarian neoplasms were classifi ed by the World 
Health Organization (WHO) according to the 

   Table 6.2    TNM staging of ovarian cancer   

 TNM  FIGO  Imaging fi ndings 
 Additional fi ndings in surgical/
histopathological fi ndings 

  T1    Stage I    Tumor limited to the ovaries  
 T1a  IA  Limited to one ovary, no ascites  Intact capsule and no tumor on the 

external surface 
 T1b  IB  Limited to both ovaries, no ascites  Intact capsule and no tumor on the 

external surface 
 T1c  IC  Stage IA or IB with ascites  With tumor on surface or capsule 

ruptured, or ascites or peritoneal 
washing positive for malignant cells 

  T2    Stage II    Growth involving one or both ovaries , 
 pelvic extension  

 T2a  IIA  Extension and/or metastases to the 
uterus and/or fallopian tubes 

 Ascites or peritoneal washing positive 
for malignant cells 

 T2b  IIB  Extension to other pelvic tissues 
 T2c  IIC  Tumor either IIA or IIB with ascites 
  T3 and / or N1    Stage III    Tumor involving one or both ovaries , 

 peritoneal implants  ( including small 
bowel and omentum )  outside the pelvis 
including liver surface implants and / or 
metastases of retroperitoneal or 
inguinal lymph nodes  

 T3a  IIIA  Tumor grossly limited to the true 
pelvis, large volumes of ascites 

 T3b  IIIB  ≤2 cm implants of abdominal 
peritoneal surfaces, large volume of 
ascites 

 T3c and/or N1  IIIC  ≥2 cm implants of abdominal 
peritoneal surfaces and/or 
retroperitoneal or inguinal lymph 
nodes; large volume of ascites 

 M1  Stage IV  Growth involving one or both ovaries, 
distant metastases, parenchymal liver 
metastases, pleural effusion with 
pleural abnormalities 

 Pleural effusion with positive cytology 
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 tissue of origin into surface epithelial tumors, 
germ cell tumors, and sex cord–stromal tumors. 
These are further divided into benign, borderline, 
or malignant, which refl ects their clinical behav-
ior and prognosis [ 103 ].  

6.3.4     Surface Epithelial Tumors 

6.3.4.1     Borderline Epithelial Tumors 
 Borderline tumors (BOTs) are a unique entity of 
ovarian neoplasms without infi ltrative destructive 
growth or stromal invasion. They represent 
15–20 % of all ovarian tumors and usually affect 
younger women when compared to invasive car-
cinoma. They occur in all types of epithelial 
ovarian tumors, but are more common in serous 
and mucinous subtypes. They are associated with 
normal or minimally elevated CA125 level and 
are usually diagnosed at early stage. Up to 30 % 
of cases are bilateral. Use of fertility drugs and 
contraceptives has been correlated to an increased 
incidence of these tumors in the past decades. 
Endometriosis is also a recognized precursor for 
endometrioid and clear cell borderline tumors. 
Peritoneal implants may be present at the diagno-
sis, particularly in the serous subtype. 
Nevertheless, prognosis is better than that of 
common invasive epithelial ovarian cancer. 

 As these tumors affect young women who 
should be offered fertility-sparing surgery, identi-
fi cation of BOTs is a critical challenge for imag-
ing. Despite several authors’ efforts in identifying 
morphological imaging features suggestive of 
borderline lesions [ 104 ,  105 ], no specifi c fi ndings 
have been demonstrated so far. In fact there is 
still a signifi cant overlap with imaging features of 
invasive malignancy. 

 As reported in the literature, disease assess-
ment should include confi rmation of ipsilateral 
normal-appearing ovarian stroma and examina-
tion of the contralateral ovary to allow clinical 
decision towards fertility-preserving surgery. 
Furthermore, since the presence of invasive peri-
toneal implants signifi cantly affects prognosis, 
assessment of peritoneal/omental disease and 
lymphadenopathy using MRI with DWI and 
complete surgical staging are mandatory. 

    Serous Borderline Neoplasm of the Ovary 
 Serous borderline tumors are the most common 
accounting for approximately 65 % of all BOTs 
[ 106 ]. Mean age at presentation is 34–40 years. 
These are slowly growing lesions that may 
exhibit an aggressive behavior consistent with 
peritoneal implants and regional lymphade-
nopathy (35 and 27 %, respectively).    These 
peritoneal implants are classifi ed as noninva-
sive (serous papillae in cystic spaces or plas-
tered on the peritoneal surface, without 
invasion of the underlying tissue) or invasive 
(with invasion by haphazardly distributed 
glands and small cell clusters accompanied by 
a dense stromal reaction) – the latter having a 
poorer prognosis. 

 On MRI borderline serous ovarian tumors 
manifest as complex predominantly cystic mass 
(bilateral in 30 % of cases) with thin septa and 
endocystic or exocystic vegetations showing 
moderate early enhancement on dynamic MR 
imaging [ 107 ]. DW-MRI should be included to 
improve peritoneal implant detection, even if at 
the diagnosis 70 % of serous BOT are confi ned to 
the ovary (Fig.  6.6 ).

       Mucinous Borderline Neoplasm 
of the Ovary 
 Mucinous borderline tumors of the ovary com-
prise 32 % of all BOTs. Mean age at presentation 
is 45 years. There are two distinct subtypes: the 
intestinal (90 %) and the mullerian (10 %) histo-
types. The fi rst one is usually unilateral and 
associated with pseudomyxoma peritonei in up 
to 17 % of cases. The second one is bilateral in 
40 % of cases and associated with endometriosis 
in one-third of cases. On MRI they manifest as 
multilocular cystic mass with numerous septa 
containing fl uids of variable signal intensities on 
T1- and T2-weighted images (stained glass 
appearance). The endocystic vegetations usually 
show delayed uptake of contrast medium [ 108 ] 
on DCE-MRI. The mullerian subtype tends to 
present as uni- or paucilocular cyst with mural 
enhancing nodules. At diagnosis up to 82 % of 
mucinous BOTs are confi ned to the ovary with 
peritoneal implants less common compared to 
serous BOTs.   
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6.3.4.2     Invasive Epithelial Tumors 
 Surface epithelial carcinomas represent 85–90 % 
of all ovarian malignancies. These consist in 
serous, mucinous, endometrioid, and clear cell 
carcinoma. 

    Serous Adenocarcinoma 
 Malignant serous tumors represent one-third of 
all ovarian serous neoplasms and approximately 
50 % of all ovarian malignancies, with serous 
cystadenocarcinoma being the most common 
type of surface epithelial ovarian cancer [ 109 ]. 
More than 60 % of serous cystadenocarcinomas 
are bilateral. On MRI they usually manifest as 
predominantly cystic, unilocular or multilocular 
masses with multiple thick septations, mural 
nodules, and papillary projections avidly enhanc-
ing after contrast medium administration. Areas 
of hemorrhage (bright on T1- and variable on 
T2-weighted images with no signal drop on fat- 
sat images) or necrosis are common. Calcifi cations 

may be present – psammoma bodies with micro-
scopic calcifi cations in 30 % of cases [ 110 ] 
(Fig.  6.7 ). Peritoneal implants are frequent in 
advanced stage disease. Bowel obstruction and 
hydronephrosis should always be considered as 
possible complications.

       Mucinous Adenocarcinoma 
 Malignant mucinous tumors represent 5–10 % 
of all malignant ovarian tumors and are the 
second more common type of epithelial ovar-
ian cancer. They tend to be larger than serous 
ones, but less frequently bilateral (only 20 %) 
[ 87 ]. On MRI they present as multilocular 
complex cystic masses, with honeycomb-like 
locules. Because of the variable protein and 
mucinous contents, these loculi show variable 
high signal on T1- and T2-weighted images 
configuring the so-called stained glass appear-
ance (Fig.  6.8 ). Compared to borderline, inva-
sive mucinous carcinomas have thick septa 
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  Fig. 6.6    Borderline serous cystadenoma low grade. A 
30-year-old woman with bilateral complex cystic adnexal 
masses (sagittal and axial T2 images, TR:4361, TE:80; 

 a – c ); the largest on the right shows multiple papillary pro-
jections ( arrows ). No restricted diffusion is demonstrated 
(b0, b750, and ADC map,  d – f )       
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and avidly enhancing solid components. 
Pseudomyxoma peritonei may be associated 
with the intestinal subtype with large amount 
of fluid-like (mucoid) material throughout the 
abdomen surrounding mesentery, bowel, and 
solid organs [ 29 ].

       Endometrioid Adenocarcinoma 
 Endometrioid adenocarcinoma of the ovary is a 
primary ovarian surface epithelial carcinoma his-
tologically identical to a typical adenocarcinoma 
arising from the endometrium. It represents 
5.7 % of ovarian surface epithelial neoplasms, 
17.5 % of all ovarian carcinomas, and the third 
most common type of ovarian malignancy after 
serous and mucinous cystadenocarcinomas. It 
can be bilateral in up to 30 % of cases. There is a 
well-established correlation between endometri-
oid adenocarcinoma, endometriosis, and endo-

metrioid hyperplasia. Simultaneous manifestation 
of endometriomas and ovarian endometrioid 
adenocarcinoma occurs in 15–25 % of cases 
[ 111 ]. Kitajima et al compared contrast-enhanced 
MRI appearance of ovarian endometrioid adeno-
carcinoma arising or not arising from endome-
trioma, and they found interesting differences. 
Tumors arising from endometriomas usually 
present on T1-weighted imaging as low to inter-
mediate nodules within a predominantly cystic 
mass.    They also have a lower nuclear grade and 
are diagnosed at a less advanced clinical stage 
(Fig.  6.9 ). On the other hand, tumors not arising 
from endometriomas present as solid masses 
with a higher nuclear grade and more advanced 
clinical stage. Furthermore, endometrioid 
adenocarcinoma arising from endometriomas 
does not show the characteristic “shading effect” 
of benign endometriomas consistent in T1 
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  Fig. 6.7    High grade ovarian serous cystadenocarcinoma. 
A 33-year-old woman with a rapidly enlarging pelvic 
mass and elevated CA125. Pelvic MRI demonstrates 
bilateral adnexal masses with solid components of 
 intermediate signal intensity on T2-weighted images 
(TR:4361, TE:80;  a ,  b ) and predominantly low signal 
intensity on T1-weighted image (TR:519, TE:10;  c ). The 

solid components are avidly enhancing post-contrast 
medium injection ( d ) and demonstrate marked 
 hyperintensity on b1000 DWI ( e ) with restricted signal on 
the corresponding ADC map ( f ). There is ascites with 
peritoneal disease ( arrows ). Note the high sensitivity of 
the high-b - value DWI for peritoneal implant detection       
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hyperintensity with layering T2 hyper-/hypoin-
tensity due to the magnetic susceptibility effect 
of old hemorrhage or densely concentrated fl uid/
fi brosis [ 40 ,  112 ].

       Clear Cell Carcinoma 
 Clear cell carcinoma (CCC) represents approxi-
mately 5 % of all ovarian carcinomas and usually 
affects women in peri–postmenopausal age 
(around the age of 50 years). Up to 20 % of cases 
are bilateral. Despite the fact that this tumor is 
almost always malignant, the overall prognosis is 
good, as it tends to remain confi ned to the ovary 
with up to 75 % of patients presenting with stage I 
disease [ 113 ]. The survival rate is of 50 % at 5 
years from the diagnosis. Recurrent CCC is more 
aggressive with distant organs and lymph node 
involvement occurring in 40 % of cases. There is a 
correlation with nulliparity and endometriosis; 
when arising within benign endometriomas, CCC 

tends to have a worse prognosis. On MRI CCCs 
usually appear as unilocular cystic masses with 
smooth margins, larger than 4 cm with cystic con-
tents from low to very high T1 signal intensity and 
always high T2 signal. They can be either predom-
inantly solid or cystic with one or more solid pro-
trusions [ 114 ].  

    Brenner Tumor 
 Brenner tumors are uncommon transitional cell 
tumors of the ovary, accounting for about 2 % of 
ovarian neoplasms. The majority of them are 
benign, but borderline and malignant types can 
also arise. When malignant they tend to present 
later (around the age of 60 years) compared to the 
benign form (mean age at presentation of 40–60 
years). They are usually discovered as incidental 
fi ndings during surgery, transvaginal ultrasound, 
or MRI (over 90 % of them) [ 115 ]. While benign 
Brenner tumors are cured by local excision, the 
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  Fig. 6.8    Mucinous adenocarcinoma. A 25-year-old lady 
with abdominal pain and elevated CA125. There is a large 
multiloculated, predominantly cystic pelvic mass. The 
locules contain variable hyperintense fl uid on T2-weighted 
images (TR:4361, TE:80; images  a – c ), while others 

 contain mildly hyperintense components on T1-weighted 
image, suggestive of hemorrhage/mucin (TR:519, TE:10; 
 d ). No areas of fat saturation ( e ). There are numerous 
thick septa and enhancing solid components ( f ,  arrows )       
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malignant ones are incurable with a very poor 
prognosis. Borderline Brenner tumors have inter-
mediate histological appearance and aggressive-
ness compared to the benign and malignant types. 
Malignant tumors are usually larger than the 
benign ones, with an average of 8–10 cm in diam-
eter. They may present with nonspecifi c 
 symptoms including abdominal distention, pain, 
and PV bleeding. On MRI, malignant Brenner 
tumors may appear as multiloculated cystic 
masses with heterogeneously enhancing solid 
components and papillary projections. The cystic 

components are of high signal intensity on 
T2-weighted imaging. Interestingly, the benign 
form tends to appear as predominantly solid mass 
of low signal intensity on both T1- and 
T2-weighted imaging with calcifi cations and 
rapid enhancement after contrast medium admin-
istration [ 72 ,  116 ,  117 ]. Differential diagnosis 
should include solid ovarian masses with or with-
out calcifi cation on CT and MRI, such as benign 
teratoma, fi broma–thecoma, granulosa cell 
tumor, Krukenberg tumor, and primary lym-
phoma. About 30 % of Brenner tumors occur in 

a b

c d

  Fig. 6.9    Grade 1 endometrioid carcinoma in a back-
ground of diffuse endometriosis. A 52-year-old lady with 
a large right-sided predominantly solid pelvic mass. This 
demonstrates low signal intensity on T1-weighted image 
(TR:519, TE:10;  a ) and heterogeneous signal intensity on 

T2-weighted images (TR:4361, TE:80;  b – d ). Note large 
feeding vessels, best seen on sagittal image ( c ,  arrow ). 
There is a fi brotic plaque tethering the sigmoid bowel as a 
result of previous endometriosis ( curved arrow )       
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association with ipsilateral ovarian tumors such 
as mucinous cystadenomas [ 118 ].    

6.3.5     Sex Cord–Stromal Tumors 

 Sex cord tumors account for 5–10 % of all ovar-
ian malignancies and derive from sex cord and 
specialized stroma of the developing gonads 
[ 119 ]. They can differentiate into an ovarian 
direction (granulosa–theca cells), into a testicular 
direction (Sertoli–Leydig), or into a stromal–
fi bromatous direction. They may occur from 
childhood (5 % of all malignancies in this age) to 
reproductive age and postmenopausal phase, 
being more common after menarche. These 
tumors are also the most common functional neo-
plasms of the ovary [ 3 ]. 

6.3.5.1     Granulosa Cell Tumor 
 Granulosa cell tumors (GCT) derive from the 
cells surrounding the developing follicles. There 
are two different histological types: adult and 
juvenile. The adult type is of low malignant 
potential and occurs usually in peri- and post-
menopausal age, with a peak of prevalence in 
50–55-year-old women. It accounts for 95 % of 
all GCT and represents 5–10 % of solid ovarian 
tumors. The adult type is far more common than 
the juvenile type [ 120 ,  121 ]. Because these 
tumors produce estrogen, they are associated 
with endometrial hyperplasia, polyps, or carci-
noma (usually well differentiated, occurring in 
3–25 % of patients) and can manifest with irreg-
ular bleeding in premenopausal patients or post-
menopausal bleeding [ 122 ]. There is a rare form 
that can produce androgen and is usually associ-
ated with purely cystic tumors [ 16 ]. Juvenile 
GCT constitutes only 5 % of all GCTs with a 
mean age of 13 years. Only 3 % of these tumors 
occur in women older than 30 years. In the most 
frequent case, it occurs in premenarchal girls 
causing sexual precocity because of the estrogen 
production [ 123 ]. Adult and juvenile GCTs have 
similar appearance on imaging. They are 

commonly unilateral solid or mostly solid 
masses and rarely cystic. Because of hemorrhage 
within the tumor, they usually show hyperinten-
sity on T1-weighted images. When cystic they 
tend to be multilocular with a typical “sponge-
like” appearance on T2-weighted imaging [ 124 , 
 125 ]. Solid components demonstrate enhance-
ment on post- gadolinium images. The histologi-
cal features are not related to an accurate 
prediction of clinical behavior. Around 90 % of 
adult GCTs are found at stage I with a conse-
quent excellent prognosis. Metastases and recur-
rences commonly occur long after surgery with a 
slow growth rate [ 126 ].  

6.3.5.2     Sertoli–Stromal Tumor 
 Sertoli–stromal tumors are classifi ed into Sertoli, 
stromal–Leydig, and Sertoli–Leydig cell tumors. 
Sertoli cell tumors account for only 4 % of these 
tumors and are usually non-functioning. 
Stromal–Leydig cell tumors are extremely rare 
(0.5 % of all ovarian tumors). They usually occur 
in women around the age of 30 years or younger. 
Less than 10 % of affected patients are over the 
age of 50 years. About 30 % of patients show 
virilization, manifested by amenorrhea or viril-
ized secondary sexual characteristics, while 
50 % have no hormonal manifestations [ 127 ]. 
Only occasionally these tumors can produce 
estrogens. They are rarely bilateral and have a 
variable appearance being either solid, mixed 
solid–cystic, or purely cystic. They may appear 
as a well-defi ned enhancing solid mass with or 
without multiple variable-sized cystic areas [ 23 ]. 
When they cause virilization, they are commonly 
small and diffi cult to detect on MRI [ 128 ]. 
Usually these small steroid-secreting tumors 
show high signal intensity on T1-weighted 
images because of the lipid content and avid 
enhancement after contrast administration. Low 
signal intensity on T2-weighted imaging depends 
on the extent of fi brous stroma (Fig.  6.10 ). They 
are microscopically ranged from well differenti-
ated to poorly differentiated with accordance to 
clinical behavior. Most of them are stage I at 
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diagnoses and behave in a benign way [ 20 ]. 
Recurrence tends to occur soon after initial 
diagnosis.   

6.3.5.3     Steroid Cell Tumor 
 Steroid cell tumors account for 0.1–0.2 % of all 
ovarian tumors and include three subtypes: 
stromal luteoma, Leydig (or hilus) cell tumor, 
and steroid cell tumor not otherwise specifi ed 
[ 16 ]. They are all formed by typical steroid-
secreting cells, including lutein cells, Leydig 
cells, and adrenocortical cells with abundant 
intracellular lipid. For these reasons these 
tumors are also called  lipid  or  lipoid cell  tumors. 
Mean age at presentation is around 50–60 years, 
but they can affect women of all ages. At imag-
ing they usually appear as unilateral solid 
tumors, sometimes with small areas of cystic 
change or necrosis. When they cause viriliza-
tion they are commonly small. Because of the 

presence of a high content of lipids, they show 
high signal intensity on T1-weighted imaging. 
Some authors suggested that chemical shift 
imaging can help in identifying the presence of 
intratumoral lipids [ 129 ]. After contrast admin-
istration they show intense enhancement 
because of the abundant blood vessels supply-
ing the tumorous tissue. When they don’t cause 
virilization, they are larger with a lobulated, 
solid appearance [ 8 ].   

6.3.6     Germ Cell Tumors 

6.3.6.1     Immature Teratoma 
 Immature teratoma represents less than 1 % of all 
teratomas and contains immature tissue from all 
three germ cell layers. It typically presents in the 
fi rst two decades of life. In 26 % of cases it is 
associated with an ipsilateral mature teratoma 
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  Fig. 6.10    Poorly differentiated Sertoli–Leydig ovarian 
tumor. Left-sided solid ovarian mass ( arrow ) in a 
 23-year- old patient with oligomenorrhea and excessive 
hair growth. The mass demonstrates intermediate signal 
intensity on T1- and T2-weighted images (TR:519, TE:10 

and TR:4361, TE:80;  a – c ) and avid contrast medium 
 enhancement ( d ). There is hyperintensity on the b1000 
DWI ( e ) with hypointensity on the corresponding ADC 
map ( f ) indicating restricted diffusion       
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and in 10 % of cases with an immature teratoma 
in the contralateral ovary [ 130 ]. Immature terato-
mas tend to present as large, complex masses 
with cystic and solid components and scattered 
calcifi cations, while mature teratomas tend to be 
smaller with calcifi cations usually associated to 
mural nodules [ 81 ]. The fat distribution is typical 
in immature teratomas with small, punctuated 
foci of fatty tissue scattered throughout the 
tumor; homogeneous larger fat deposits are pres-
ent in benign lesions. Gradient echo sequences 
can be helpful in identifying small fat compo-
nents in immature teratomas. Tumor capsule is 
not always well defi ned and can be perforated by 
rapid tumor growth. On MR solid tissue shows a 
wide variety of signal intensities on T2-weighted 
images (Fig.  6.11 ). Ascites and peritoneal dis-
semination can be observed [ 5 ,  131 ]. Despite 

several studies attempting to defi ne specifi c 
 features on conventional and functional MRI 
(DCE- MRI; DW-MRI) for the identifi cation of 
immature teratomas, the differential diagnosis 
between the immature and the mature form 
remains challenging [ 71 ,  132 ].

6.3.6.2        Dysgerminoma 
 Dysgerminomas are rare ovarian tumors (3–5 % 
of all ovarian malignancies) that affect usually 
young women (less than 30 years old). They are 
usually not associated with endocrine hormone 
secretion. An elevated HCG serum level can be 
found in 5 % of cases: this is due to the presence 
of syncytiotrophoblastic giant cells able to pro-
duce HCG [ 26 ]. On MRI, they appear as 
 multiloculated solid masses with prominent 
fi brovascular septa hypointense or isointense on 
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  Fig. 6.11    Immature teratoma grade 2. A 27-year-old 
woman with a large, mixed cystic and solid, pelvic mass. 
The mass demonstrates heterogeneous T2/T1 signal inten-
sity (TR:4361, TE:80 and TR:519, TE:10;  a – c ) and avid 
contrast medium enhancement ( d ). The solid components 

are hyperintense on b1000 image ( e ) and hypointense on 
the corresponding ADC map ( f ) indicating restricted diffu-
sion. A few small areas of fat are present throughout the 
mass and best demonstrated on the T1-weighted, fat-satu-
rated pulse sequence image (TR:519, TE:10;  d ,  arrow )       

 

M.C. Ambrosetti et al.



151

T2-weighted imaging, with avid enhancement 
after contrast administration on T1-weighted 
imaging. As recently demonstrated, these septa 
correspond to fi brovascular bundles at histologic 
examination [ 133 ]. Calcifi cations may be present 
in a speckled pattern together with necrosis and 
hemorrhage [ 27 ,  30 ], the latter appearing as high 
signal intensity on T1-weighted imaging.  

6.3.6.3     Choriocarcinoma 
 Primary ovarian choriocarcinoma is an extremely 
rare germ cell tumor that occurs almost exclu-
sively in patients younger than 20 years [ 134 ]. 
This is an aggressive tumor that usually has 
already metastasized to the lungs, liver, and 
bones by the time of presentation. In patients of 
reproductive age, a metastatic origin from uter-
ine malignancy or a tumor arising from an ecto-
pic ovarian pregnancy should be considered. 
Other forms of malignant germ cell neoplasms 
such as immature teratoma may present in asso-
ciation with this tumor. On MRI, it is usually 
unilateral and predominantly solid with hemor-
rhage and necrosis [ 31 ]. The main biochemical 
feature is the concomitant elevated serum HCG 
level [ 26 ].  

6.3.6.4     Carcinoid Tumor 
 Ovarian carcinoids are extremely rare neoplasms, 
accounting for 0.3 % of all carcinoid tumors and 
for 0.1 % of all malignant ovarian tumors [ 135 ]. 
They usually have a low grade malignant poten-
tial, being benign in 95 % of cases. They are clas-
sically diagnosed as unilateral enhancing solid 
nodules often within the wall of mature cystic 
teratomas. When presenting as isolated enhanc-
ing masses, it is not possible to discriminate from 
a solid malignancy. They can also be associated 
to mucinous neoplasms. In the majority of cases 
they are asymptomatic, but in some cases typical 
carcinoid syndrome or constipation due to secre-
tion of peptide YY can occur. On MRI they typi-
cally show low signal on T2-weighted images as 
almost all benign fi brous neoplasms. These 
tumors also tend to exhibit high signal intensity 
on diffusion-weighted imaging with low ADC 
values and hypervascularity on dynamic studies 
after contrast medium administration [ 136 ].   

6.3.7     Other Rare Tumors 

6.3.7.1     Mixed Mullerian Tumor 
 Mixed Mullerian tumors represent less than 1 % 
of all ovarian neoplasms and contain both 
 epithelial and sarcomatous elements [ 137 ,  138 ]. 
They can originate anywhere along the female 
genital tract and in the peritoneum; the most fre-
quent location is the uterus, but they can be 
found in the ovary, vagina, cervix, and fallopian 
tubes [ 139 ]. They are always malignant with 
very poor prognosis and usually diagnosed at 
advanced stage (70 % at stage III and IV) in 
postmenopausal women. On MRI they appear as 
large (even more than 10 cm), well-encapsu-
lated, multinodular, and multicystic masses with 
very heterogeneous appearance and enhancing 
solid elements (papillary projections). Fluid–
fl uid levels within multilocular cystic compo-
nents may be present due to old hemorrhage. The 
enhancement patterns can be extremely variable 
as well [ 140 ]. Secondary signs of malignancy 
such as ascites and metastases are usual fi ndings 
at presentation.  

6.3.7.2     Lymphoma 
 Ovarian involvement by a malignant lymphoma 
is usually a manifestation of disseminated dis-
ease. Primary lymphoma of the ovary is very rare, 
likewise other primary lymphomas of the genital 
tract, and accounts for 0.5 % of all non- Hodgkin’s 
lymphomas and 1.5 % of all malignant ovarian 
neoplasms. Since there is no lymphoid tissue 
within the ovary, the tumor may originate from 
lymphocytes surrounding blood vessels or related 
to the corpus luteum. Diagnosis of primary ovar-
ian lymphoma should be suggested when the 
tumor is confi ned to the ovary and regional lymph 
nodes or adjacent organs with no abnormal cells 
found in bone marrow and peripheral blood [ 141 –
 144 ]. Non-Hodgkin’s large B cell lymphoma is 
the most common type of lymphoma involving 
the ovary. It manifests as a large solid mass with a 
very rapid growth that must be differentiated 
from other predominantly solid tumors such as 
thecoma, fi broma, Brenner tumor, immature germ 
cell tumor, or granulocytic sarcoma. They present 
as unilateral or bilateral homogeneous adnexal 
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masses without ascites. On MRI, the solid masses 
appear of intermediate signal intensity on T1- and 
T2-weighted imaging, with homogeneous 
enhancement after contrast administration. 
Several small cysts in a linear arrangement at the 
periphery of the mass may be present consisting 
of preserved follicles at the periphery of the ovary 
[ 145 ,  146 ].    Prognosis is the same as that of a 
NHL arising in a different site of the body.  

6.3.7.3     Sarcoma 
 Sarcomas of the ovary are very rare neoplasms. 
In the literature fi brosarcoma, leiomyosarcoma, 
malignant peripheral nerve sheath tumor, angio-
sarcoma, rhabdomyosarcoma, osteosarcoma, and 
chondrosarcoma have been described as sporadic 
cases [ 147 – 153 ]. At MRI they show as a large 
tumor mass with heterogeneous high intensity on 
T2-weighted images and low intensity on 
T1-weighted images, with laminar or stripe-like 
enhancement. Hemorrhage and necrosis can be 
displayed in these lesions [ 154 ].   

6.3.8     Metastases 

 Metastatic tumors of the ovary represent about 
5–10 % of ovarian neoplasms. The ovary is a rela-
tively preferential site of metastatic disease, as 
neoplastic cells can easily reach the ovary through 
hematogenous, lymphatic, and transperitoneal 
spread and/or direct extension. About 7 % of 
lesions clinically presenting as primary ovarian 
tumors are metastatic in origin. The most com-
mon primary tumors that metastasize to the ovary 
are stomach (Krukenberg tumor), colon, breast, 
and endometrial malignancies. Less  frequently 
tumors arising from the pancreas, biliary duct, 
and lung may spread to the    adnexal [ 155 ,  156 ]. A 
detailed clinical history is mandatory as ovarian 
secondarism may occasionally be the only initial 
manifestation of the disease,  particularly in can-
cers of the gastrointestinal tract [ 157 ]. 

6.3.8.1     Krukenberg Tumor 
 Krukenberg tumor refers to bilateral ovarian 
metastases characterized by mucin-producing 

signet ring cells, most commonly from gastric 
cancer. Metastatic cells from gastric cancer eas-
ily penetrate the ovary and tend to stimulate a 
dense stromal reaction with variable degree of 
luteinization mimicking a fi broma or another 
spindle cell tumor. Morphologically most of 
these tumors are lobulated and complex con-
sisting of solid elements with cystic areas. On 
MRI the solid components typically show het-
erogeneous signal intensity at T2-weighted 
imaging, related to the degree of stromal over-
growth and the amount of mucin produced 
(Fig.  6.12 ). Low signal intensity areas corre-
spond to increased cellularity of fi brous stroma, 
whereas high signal intensities correspond to 
edema within the connective tissue and mucin 
[ 158 ]. Intratumoral cysts can be occasionally 
associated. Signal voids can be observed within 
the tumors, those representing increased tumor 
vascularity. After contrast administration the 
solid component shows homogeneous enhance-
ment [ 158 ].

6.3.9         Collision Tumors 

 Collision tumors represent the coexistence of 
two histologically distinct but not mixed tumors. 
These tumors have been reported in various 
organs such as the brain, esophagus, stomach, 
liver, lung, thyroid, bone, uterus, ovary, kidney, 
adrenal gland, skin, paranasal sinus, and lymph 
nodes. Ovarian collision tumors are rare entities, 
most commonly composed of teratomas in com-
bination with benign, borderline, or invasive 
 epithelial tumors. Prognosis and treatment 
depend on tumor types present. Preoperative 
suggestion of a collision tumor is crucial, lead-
ing the pathologist to perform a thorough exami-
nation of the mass    to diagnose the composing 
tumor types. A correct defi nition of these is criti-
cal for further patient management and progno-
sis [ 159 ]. When an ovarian tumor demonstrates 
imaging fi ndings that cannot be subsumed as one 
specifi c histological type, especially in cases of 
ovarian teratoma, a collision tumor should be 
considered [ 159 ].      
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7.1            Benign Prostatic Hyperplasia 

7.1.1     Anatomy 

 The prostate gland is the male organ most 
 commonly affl icted with either benign or malig-
nant neoplasms. It comprises the most proximal 
aspect of the urethra. Anatomically, it resides in 
the true pelvis, separated from the pubic symphy-
sis anteriorly by the retropubic space (space of 
Retzius). The posterior surface of the prostate is 
separated from the rectal ampulla by Denonvilliers’ 
fascia. The base of the prostate is continuous with 
the bladder neck, and the apex of the prostate rests 
on the upper surface of the urogenital diaphragm. 
Laterally, the prostate is related to the levator ani 
musculature. Its arterial blood supply is derived 
from branches of the internal iliac artery (inferior 
vesical and middle rectal arteries). Venous drain-
age is via the dorsal venous complex, which 
receives the deep dorsal vein of the penis and 
vesical branches before draining into the internal 

iliac veins. Innervation is from the pelvic plexus. 
The normal prostate measures 3–4 cm at the base, 
4–6 cm in cephalocaudad, and 2–3 cm in 
 anteroposterior dimensions. 

 McNeal has popularized the concept of zonal 
anatomy of the prostate. Three distinct zones 
have been identifi ed (Diagram  1 ). The peripheral 
zone accounts for 70 % of the volume of the 
young adult prostate, the central zone accounts 
for 25 %, and the transition zone accounts for 
5 %. These anatomic zones have distinct ductal 
systems but, more important, are differentially 
affl icted with neoplastic processes. Sixty to sev-
enty percent of carcinomas of the prostate (CaP) 
originate in the peripheral zone, 10–20 % in the 
transition zone, and 5–10 % in the central zone. 
Benign prostatic hyperplasia (BPH) uniformly 
originates in the transition zone [ 1 ].

7.1.2        Introduction 
and Pathogenesis 

 Benign prostatic hyperplasia (BPH) represents 
the most commonly diagnosed urological disease 
in men after the fi fth decade. Although BPH eti-
ology remains uncertain in some aspects, several 
mechanisms have been proposed to be involved 
in the pathogenesis and progression of BPH. 

 First, aging represents the most signifi cant risk 
factor for the development of BPH and the com-
pliant of lower urinary tract symptoms (LUTS). In 
aging men, an interference in growth factor 
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 pathway occurs and a signifi cant  tissue- remodeling 
process takes place, leading to  prostatic enlarge-
ment. Second, hormonal alterations have been 
proposed to be involved in BPH pathogenesis and 
progression. Indeed, the development of BPH 
requires the presence of testicular androgens, and 
BPH tissue has higher dihydrotestosterone activ-
ity than normal prostate gland tissue. 

 Additionally, insulin resistance with second-
ary hyperinsulinemia has been proposed to be 
involved in the development of BPH. Third, a 
role of increased sympathetic nerve activity has 
also been proposed. Finally, in the last few years, 
the role of prostatic infl ammation as a crucial part 
of BPH pathogenesis and progression has 
emerged. The chronic infl ammatory condition 
may contribute to tissue injury, activating cyto-
kine release and increasing the concentration of 
growth factors, creating a local vicious cycle. In 
this context, the upregulation of proinfl ammatory 
cytokines has been widely reported in prostatic 
tissues of patients with BPH. Concluding, all 
these data support the hypothesis that tissue dam-
age, hypoxia, and chronic process of wound heal-
ing lead to a persistent process of stimulation of 
stromal and epithelial prostatic tissues, poten-
tially resulting in BPH [ 2 ,  3 ]. 

 Risk factors for the development of BPH are 
poorly understood. Some studies have suggested 
a genetic predisposition, and some have noted 
racial differences. Approximately 50 % of men 
under the age of 60 who undergo surgery for 
BPH may have a heritable form of the disease. 
This form is most likely an autosomal dominant 
trait, and fi rst-degree male relatives of such 
patients carry an increased relative risk of 
approximately fourfold. 

 Interestingly, it has been hypothesized that 
inflammatory infiltrate leads to tissue damage 
and to a chronic process of wound healing 
that might subsequently determinate prostatic 
enlargement [ 4 ].  

7.1.3     Epidemiology 

 BPH is the most common benign tumor in men, 
and its incidence is age related. The prevalence of 
histological BPH in autopsy studies rises from 
approximately 20 % in men aged 41–50 to 50 % 
in men aged 51–60 and to >90 % in men older 
than 80. Although clinical evidence of disease 
occurs less commonly, symptoms of prostatic 
obstruction are also age related. At age 55, 

  Diagram 1    Distribution and 
proportions of the tissue layers 
composing the prostate. Diagram 
of the prostate shows its zonal 
anatomy in the sagittal plane and 
corresponding axial sections from 
the base ( upper line ), midgland 
( medium line ), and apex ( lower 
line ). Note the anterior fi bromus-
cular stroma ( dark gray  part in the 
anterior portion), peripheral zone 
( light gray ), central zone ( white ), 
and transition zone ( dark gray )       
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approximately 25 % of men report obstructive 
voiding symptoms. At age 75, 50 % of men 
 complain of a decrease in the force and caliber of 
their urinary stream [ 5 ,  6 ].  

7.1.4     Clinical and Laboratory 
Findings 

 The symptoms of BPH can be divided into 
obstructive and irritative complaints. Obstructive 
symptoms include hesitancy, decreased force and 
caliber of stream, sensation of incomplete blad-
der emptying, double voiding (urinating a second 
time within 2 h of the previous void), straining to 
urinate, and post-void dribbling. Irritative symp-
toms include urgency, frequency, and nocturia. A 
detailed history focusing on the urinary tract 
excludes other possible causes of symptoms that 
may not result from the prostate, such as urinary 
tract infection, neurogenic bladder, urethral stric-
ture, or prostate cancer. 

 A physical examination, digital rectal exami-
nation (DRE), and focused neurologic examina-
tion are performed on all patients. The size and 
consistency of the prostate is noted, even though 
prostate size, as determined by DRE, does not 
correlate with severity of symptoms or degree of 
obstruction. BPH usually results in a smooth, 
fi rm, elastic enlargement of the prostate. 
Induration, if detected, must alert the physician to 
the possibility of cancer and the need for further 
evaluation (i.e., prostate-specifi c antigen (PSA), 
transrectal ultrasound (TRUS), and biopsy) [ 7 ]. 

 A urinalysis to exclude infection or hematuria 
and serum creatinine measurement to assess renal 
function are required. Renal insuffi ciency may be 
observed in 10 % of patients with prostatism and 
warrants upper-tract imaging. Patients with renal 
insuffi ciency are at an increased risk of develop-
ing postoperative complications following surgi-
cal intervention for BPH. 

 Serum PSA is considered optional, but 
most physicians will include it in the initial 
evaluation [ 8 ]. 

 In some cases of benign prostatic hyperplasia 
are also observed high levels of PSA, but they are 
not considered index of malignant progression, 

but rather are due to the increase in prostate 
 volume, consequently the most production of the 
antigen itself. PSA, compared with DRE alone, 
certainly increases the ability to detect CaP, but 
because there is much overlap between levels 
seen in BPH and CaP, its use remains controver-
sial (see Screening for CaP) [ 9 ].  

7.1.5     Pathological Findings 

 Benign prostatic hyperplasia is a disease charac-
terized by an enlargement (hyperplasia or hyper-
trophy) of the prostate, more specifi cally in the 
prostatic epithelial cells and stromal cells, which 
leads to the formation of nodules in the periure-
thral region of the prostate.    When these nodules 
become large enough to compress the urethral 
canal, causing a partial obstruction of the same, 
they interfere with normal urinary fl ow. 

 The hyperplastic prostate may consist of pure 
fi broleiomyomatous nodules or of pure glandular 
or of mixed glandular-atrophic-cystic areas. 
Frequently, these structures are intermixed. The 
smooth muscle fi ber content of the prostate 
changes when concomitant chronic infl ammatory 
processes are present. If, after transurethral resec-
tion in a recurrent hyperplastic gland, chronic 
transurethral resection (TUR)-prostatitis has 
developed, the fi bromatous portion increases 
with little or no nodule formation. Vascularization 
and cellular content also change. 

 The prostate is an immunocompetent organ, 
and it is normally populated by a small number of 
infl ammatory cells (i.e., T and B lymphocytes, 
macrophages, and mast cells). 

 Prostate tissue infl ammatory patterns have 
been also widely assessed in patients with 
BPH. Robert et al. recently characterized the 
infl ammatory infi ltrate in a large cohort of 
patients surgically treated for BPH. Interestingly, 
81 % of patients had T-lymphocytes infi ltrates 
(CD-3), 52 % B cells (CD-20), and 82 % macro-
phage markers (CD-163) in BPH tissues. Thus, 
T cells represented the major component of the 
infl ammatory infi ltrate seen within the prostate 
gland. Moreover, an increased expression of B 
lymphocytes and macrophages was reported. 
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These antigen-presenting cells play an important 
role in the activation of T lymphocytes and in the 
subsequent onset of an infl ammatory state. 

 Prostatic calcifi cations are common in men with 
BPH and their incidence increases with age. 
Interestingly, calcifi cations were also seen in 
47.2 % of younger men aged <50 years with uro-
logical complaints. In some studies [ 10 ], the inci-
dence and signifi cance of calcifi cations in patients 
with chronic pelvic pain syndrome were evaluated. 
In these patients, calcifi cations detected at TRUS 
were signifi cantly associated with greater infl am-
mation and longer symptoms duration. Other 
authors found that patients with larger stones were 
at higher risk of developing LUTS or prostatitis 
[ 11 ]. It could be speculated that in young patients, 
alterations in the prostatic fl uid related to infections 
or infl ammatory diseases might result in prostatic 
calcifi cations, which may obstruct intraprostatic 
ducts and subsequently enhance the infl ammatory 
process. Particularly, calcifi cations could be the 
expression of previous infections leading to a 
chronic infl ammatory process, with higher risk of 
subsequent BPH development over time.  

7.1.6     MR Imaging 

 In the last few years, magnetic resonance imag-
ing (MRI) has been shown to be of great value in 
the imaging of the pelvis. Its advantages derive 
from the capability to obtain sections in direct 
axial, sagittal, and coronal planes and to show 
greater soft-tissue contrast than any other imag-
ing modality [ 12 ]. In fact, CT does not easily pro-
vide direct coronal and sagittal images and does 
not visualize the internal architecture of prostate 
and seminal vesicles. Transrectal US is widely 
used as a fi rst-choice exam in the study of pros-
tatic pathology and gives a clear demonstration 
of the glandular texture. However, its limitation, 
when compared with MRI, is that it provides only 
a limited view of the pelvic structures surround-
ing the prostate and seminal vesicles. 

 T2-weighted MR imaging is the workhorse of 
prostate MR imaging. T2-weighted MR images 
have high spatial resolution and, thus, can clearly 
differentiate the normal intermediate- to high-

signal- intensity peripheral zone (PZ) from the 
low-signal-intensity central and transition zones 
in young male subjects. In the aging man, owing 
to variable extension of the transition zone due to 
benign prostatic hyperplasia (BNH), the size and 
signal intensity of the prostate transition zone 
may vary. BPH itself is a round, well-defi ned, 
inhomogeneous area with (variable) intermediate 
signal intensity and a low-signal-intensity rim 
that surrounds the expanded transition zone. 
Because of transition zone expansion, the remain-
der of the compressed central zone is often inde-
fi nable on MR images (Fig.  7.1 ) [ 13 ,  14 ].

   High-spatial-resolution T2-weighted rapid 
acquisition with refocused echo sequences with a 
small fi eld of view, performed with endorectal 
and/or external body phased-array coils, is gener-
ally used to depict prostate anatomy. T1-weighted 
contrast in the prostate is very low. Therefore, it is 
not possible to appreciate the different anatomic 
zones on T1-weighted images. Therefore, a sug-
gestion for minimal requirements for multipara-
metric MR imaging is a combination of T1- and 
T2-weighted imaging with DW or dynamic con-
trast-enhanced MR imaging. Owing to the pres-
ence of BPH, cancer in central and transition 
zones is more diffi cult to discern, BPH may have 
signal intensity similar to that of prostate cancer 
on T2-weighted images. However, it has been 
reported that features such as low-signal- intensity 
lesions with a wedge shape and a diffuse exten-
sion without mass may be reliable signs of benig-
nity. Dynamic contrast-enhanced (DCE) MR 
imaging consists of a series of fast T1-weighted 
sequences covering the entire prostate before and 
after rapid injection (2–4 mL/s) of a bolus of a 
low-molecular-weight gadolinium chelate. A fast 
and direct method of characterizing prostatic vas-
cular pharmacokinetic features is high temporal 
resolution DCE-MRI (<10 s). DCE-MRI consists 
of a series of axial T1WI gradient echo sequences 
covering the entire prostate during and after IV 
bolus injection of gadolinium contrast medium 
[ 15 ]. Diffusion-weighted imaging (DWI) is a 
powerful clinical tool, as it allows apparent diffu-
sion coeffi cient (ADC) maps to be calculated, 
enabling qualitative and quantitative assessment 
of the prostate. Diffusion-weighted imaging 
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should be acquired in the axial plane with an echo 
planar imaging sequence employing parallel 
imaging [ 16 ]. 

 The MRI appearance of BPH is characteris-
tic, though no tissue-specifi c diagnosis of benign 
disease can be made with certainty. The prostate 
is usually enlarged but can also be of normal 
size. On T1WI, the gland has a homogeneous 
intermediate- low signal intensity with no evi-
dence of intraglandular zonal abnormalities. On 
T2WI, the appearance is that of a nonhomoge-
neous texture, mainly in the central gland, with 
alternating areas of intermediate and high signal 
(Fig.  7.1 ). The different signals of the various 
nodules are related to their relative stromal or 
epithelial components. The benign central gland 
is composed of two histologically distinct types 
of tissue: glandular tissue, which is hyperintense 
on T2-weighted images (Fig.  7.2 ), and stromal 
tissue, which is hypointense and can mimic CG 

cancer (Fig.  7.3 ). Like CG cancer, the majority 
of stromal hyperplastic foci could also demon-
strate homogeneously low signal intensity and 
had ill- defi ned margins. The majority of glandu-
lar tissue foci are homogeneously hyperintense.

    Sometimes each individual adenomatous nod-
ule is surrounded by a hypointense rim of tissue 
(Figs.  7.1  and  7.4 ). MR images are usually 
obtained in more than one plane to allow accurate 
evaluation of prostatic volume. In addition, sagit-
tal images are particularly suited to demonstrate 
impingement on the base of the bladder and the 
effect of the adenomatous nodules on the bladder 
neck and prostatic urethra. Stromal and sclerotic 
nodules of benign hyperplasia, if located in the 
peripheral zone where malignancy and infl am-
mation usually occur, can appear the same as 
prostatitis or carcinoma.

      Dynamic contrast-enhanced MRI in BPH can 
show accentuation of contrast already in the early 
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  Fig. 7.1    Benign    prostatic hyperplasia: signal intensity of 
adenomas; compression of urethra and peripheral zone. 
( a ) Axial T1WI (TR 519/TE 10) shows an enlargement of 
prostate gland. ( b ) Axial T2WI (TR 3072/TE 100) depicts 
the presence of multiple adenomatous nodules that sub-
vert the normal signal intensity of the transition zone 
( arrow ). These nodules have inhomogeneous signal inten-
sity but well-defi ned hypointense margins as we can 
determine their size and morphology. A cystic formation 
is recognizable in periurethral space on the right side 
( arrowhead ). ( c ,  d ) Sagittal (TR 5712/TE 120) and coro-
nal T2WI (TR 3000/TE 100) show very well the increase 
in the size of the central area, responsible of compression 

of the urethra ( arrow ) and of peripheral zone  ( arrowhead ). 
( e ) Early dynamic contrast-enhanced gradient- echo image 
(TR 4.02/TE 1.91) shows no enhancement of prostatic 
adenomas ( arrow ) because of their high fi brous compo-
nent but depicts an early irregular enhancement in the left 
side of the central zone ( arrowhead ). ( f ) Later dynamic 
contrast-enhanced gradient-echo image (TR 4.01/TE 
1.91) shows a normal progressive enhancement of pros-
tatic adenomas ( arrow ) and does not show any washout in 
the left region of the central zone ( arrowhead ) indicating 
that it is an infl ammation zone. ( g ,  h ) DWI (b800) and 
ADC image does not show signifi cant restricted diffusion 
in the examined areas       
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phase after contrast administration but more fre-
quently has a more delayed enhancement that 
increases progressively up to a plateau, refl ecting 
the increased microvessel density in BPH 
(Figs.  7.2  and  7.5 ) [ 13 ].

   Diffusion MR imaging parameters of central 
gland hyperplasia change according to the pres-
ence of stromal (ADC 1.27 × 10 −3  mm 2 /s) or glan-
dular hyperplasia (ADC: 1.73 × 10 −3  mm 2 /s); 
therefore, it can be misleading to calculate a sin-
gle diffusion parameter to represent the entire 
benign central gland. There is a considerable 
overlap between central gland carcinoma and 
stromal hyperplastic foci (Fig.  7.4 ).  

7.1.7     Differential Diagnosis 

7.1.7.1     Prostate Cancer 
 Prostate cancer (PC) may be detected by abnor-
malities on the DRE or an elevated PSA. 

 PSA, compared with DRE alone, certainly 
increases the ability to detect PC, but because 

there is much overlap between levels seen in 
BPH and PC, its use remains controversial. 
Conventional MR imaging is generally consid-
ered inadequate for evaluating CG cancers 
because of the heterogeneous T2 signal intensity 
in the normal transition zone. It has been sug-
gested that homogeneous low T2 signal intensity, 
ill-defi ned margins, and lack of a capsule can be 
useful in the identifi cation of PC. Lenticular 
shape and invasion of the anterior fi bromuscular 
stroma can help differentiate cancer from benign 
central gland (CG). 

 In small studies, CG cancers demonstrated 
restricted diffusion, with smaller ADCs (0.93–
1.37 × 10 −3  mm 2 /s) compared with BPH in the CG 
(1.34–1.79 × 10 −3  mm 2 /s), but other studies are 
discordant with these values. Despite a consensus 
in multiple series of restricted diffusion in CG 
cancers, there is substantial variation in reported 
ADCs of benign CG tissue [ 17 ]. Often, it is very 
hard to distinguish this pattern from that of a 
gland carcinoma central, which however enhances 
more and wash out faster than benign tissue [ 13 ].  
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  Fig. 7.2    Benign prostatic hyperplasia, normal pattern of 
adenomas enhancement. ( a ) Axial T1WI (TR 520/TE 12) 
shows an enlargement of the prostate gland, and a hyper-
intense cyst with proteinaceous content is evident in the 
right posterior region of the peripheral zone ( arrow ). ( b ) 
Axial T2WI (TR 3072/TE 100) shows a heterogeneous 
signal intensity in the transition zone for the adenomatous 
changes of the gland ( arrow ), with compression of the 
peripheral zone that appears thinned ( arrowhead ). There 
are also some small retention cysts of the gland ( short 
arrow ). ( c ) Coronal T2WI (TR 3000/TE 100) shows the 
compression/defl ection of intraprostatic urethra by 

 adenomatous hyperplasia. ( d ) Sagittal    T2WI (TR5000/
TE120) in which we can see a diffuse thickening of the 
bladder ( arrow ) wall because of chronic outfl ow obstruc-
tion. ( e ) Early dynamic contrast-enhanced gradient-echo 
image (TR 4.02/TE 1.91) (30 s) shows a slight and diffuse 
enhancement of the adenomatous central zone ( arrow ). ( f ) 
Later dynamic contrast-enhanced gradient-echo image 
(TR 4.02/TE 1.91) shows a greater and progressive 
enhancement of central gland adenomas without any 
washout ( arrow ) (no characteristics of pathology). ( g ,  h ) 
DWI (b800) and ADC images do not show signifi cant 
restricted diffusion areas in the gland       
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7.1.7.2     Prostatitis 
 A urinary tract infection, which can mimic the 
irritative symptoms of BPH, can be readily 
 identifi ed by urinalysis and culture; however, a 
urinary tract infection can also be a complication 
of BPH (see other chapter).  

7.1.7.3     Other Obstructive Conditions 
 Other obstructive conditions of the lower urinary 
tract, such as urethral stricture, bladder neck con-
tracture, and bladder stone, must be entertained 
when evaluating men with presumptive BPH. 
A history of previous urethral instrumentation, 
urethritis, or trauma should be elucidated to 
exclude urethral stricture or bladder neck 
contracture. 

 Although irritative voiding complaints are 
also associated with carcinoma of the bladder, 
especially carcinoma in situ, the urinalysis usu-
ally shows evidence of hematuria. Likewise, 

patients with neurogenic bladder disorders may 
have many of the signs and symptoms of BPH, 
but a history of neurologic disease, stroke, diabe-
tes mellitus, or back injury may be present as 
well. In addition, examination may show dimin-
ished perineal or lower extremity sensation or 
alterations in rectal sphincter tone or the bulbo-
cavernosus refl ex. Simultaneous alterations in 
bowel function (constipation) might also alert 
one to the possibility of a neurologic origin.   

7.1.8     Treatment 

 After patients have been evaluated, they should 
be informed of the various therapeutic options for 
BPH. It is advisable for patients to consult with 
their physicians to make an educated decision on 
the basis of the relative effi cacy and side effects 
of the treatment options. 
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  Fig. 7.3    Benign prostatic hyperplasia, diffusion restric-
tion in stromal hyperplastic foci. Presence of post-biopsy 
hemorrhagic foci. ( a ) Axial T2WI (TR 3027/TE 100) 
shows an increase in volume of the transition zone in 
which context are appreciable (referred to nodules) 
multiple large hyperplastic nodules, typically sur-
rounded by a hypointense rim of tissue ( arrow ). ( b ) 
Axial T1WI (TR 600/TE 13) shows some hyperintense 
foci in the peripheral zone attributable to post-biopsy 
hemorrhagic foci ( arrow ). ( c ) Sagittal T2WI (TR 5700/TE 
130) shows the imprint of the transition zone of the pros-
tate on bladder fl oor ( arrow ). Bladder walls are slightly 
thickened for detrusorial hypertrophy  ( arrowhead ). ( d ) 
Coronal T2WI (TR 3000/TE 100) in which we can see the 

compression/defl ection of intraprostatic urethra by adeno-
mas ( arrow ). There is also a little calcifi cation in the 
anterosuperior portion of the transitional region ( arrow-
head ). ( e ,  f ) DWI (b800) and ADC show in this case some 
hyperintense and hypointense areas respectively, a sign of 
restricted diffusion, corresponding to some adenomatous 
nodules of the gland ( arrows ). ( g ) Early dynamic contrast- 
enhanced gradient-echo image (TR 3.8/TE 2) (30 s) shows 
a slight and diffuse enhancement of the  adenomatous cen-
tral zone ( arrow ). ( h ) Later dynamic contrast-enhanced 
gradient-echo image (TR 3.8/TE 2) (1.30 min) shows a 
progressive enhancement of central gland adenomas 
( arrow ) without any washout (no characteristics of 
pathology)       
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 Specifi c treatment recommendations can be 
offered for certain groups of patients. For those 
with mild symptoms (symptom score 0–7), 
watchful waiting only is advised. 

 On the other end of the therapeutic spectrum, 
absolute surgical indications include refractory 
urinary retention (failing at least one attempt at 
catheter removal), recurrent urinary tract  infection 
from BPH, recurrent gross hematuria from BPH, 
bladder stones from BPH, renal insuffi ciency 
from BPH, or large bladder diverticula [ 18 ,  19 ].
    A.     Watchful Waiting  

 Watchful waiting is the appropriate manage-
ment of men with mild symptom scores.   

   B.     Medical Therapy 
    1.     Alpha-blockers— The human prostate 

and bladder base contains alpha-1- 
adrenoreceptors, and the prostate shows a 
contractile response to corresponding 
agonists. The contractile properties of the 
prostate and bladder neck seem to be medi-
ated primarily by the subtype alpha-1a 

receptors. Alpha-blockade has been shown 
to result in both objective and subjective 
degrees of improvement in the symptoms 
and signs of BPH in some patients.   

   2.     5-Alpha-reductase inhibitors— Finasteride 
is a 5-alpha-reductase inhibitor that blocks 
the conversion of testosterone to dihy-
drotestosterone. This drug affects the epi-
thelial component of the prostate, resulting 
in a reduction in the size of the gland and 
improvement in symptoms. 

 Dutasteride differs from fi nasteride as 
it inhibits both isoenzymes of 5-alpha 
reductase. Similar to fi nasteride, it reduces 
serum prostatic-specifi c antigen and total 
prostate volume.   

   3.     Combination therapy— The reduction in 
risk associated with combination therapy 
(66 % risk reduction) is signifi cantly 
greater than that associated with doxazo-
sin or fi nasteride alone. Patients most 
likely to benefi t from combination therapy 
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  Fig. 7.4    Benign prostatic hyperplasia, normal pattern of 
adenomas enhancement. ( a ) Axial T1WI (TR 550/TE 9.3) 
shows an enlargement of prostate gland, and some slight 
hyperintense areas compatible with proteinaceous content 
cysts are evident in the right and posterior region of the 
peripheral zone ( arrows ). ( b ) Axial T2WI (TR 4480/TE 108) 
shows a heterogeneous signal intensity in the transition zone 
for the adenomatous changes of the gland, with compression 
of the peripheral zone which appears thinned ( arrow ). ( c ,  d ) 
Sagittal T2WI (TR 3000/TE 114) and coronal T2WI (TR 
2860/TE 116) show very well the increase in the size of the 

central area, responsible of compression/defl ection of 
 intraprostatic urethra ( arrow ) and a diffuse thickening of the 
bladder wall because of chronic outfl ow obstruction ( arrow-
head ). ( e ) Early dynamic contrast- enhanced gradient-echo 
image (TR 12/TE 15.76) shows a slight and diffuse enhance-
ment of the adenomatous central zone ( arrow ). ( f ) Later 
dynamic contrast-enhanced gradient-echo image (TR 12/TE 
5.76) shows a greater and progressive enhancement of cen-
tral gland adenomas without any washout ( arrow ) (no char-
acteristics of pathology). ( g ,  h ) DWI (b800) and ADC images 
do not show signifi cant restricted diffusion areas in the gland       
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are those in whom baseline risk of pro-
gression is very high, generally patients 
with larger glands and higher PSA values.    

      C.     Conventional Surgical Therapy 
    1.     Transurethral resection of the prostate—

 Symptom score and fl ow rate improve-
ment with transurethral resection of the 
prostate (TURP) is superior to that of any 
minimally invasive therapy. Much contro-
versy revolves around possible higher 
rates of morbidity and mortality associ-
ated with TURP in comparison with those 
of open surgery, but the higher rates 
observed in one study were probably 
related to more signifi cant comorbidities 
in the TURP patients than in the patients 
undergoing open surgery. Several other 
studies could not confi rm the difference in 
mortality when results were controlled for 
age and comorbidities.   

   2.     Transurethral incision of the prostate—
 Men with moderate to severe symptoms 
and a small prostate often have posterior 
commissure hyperplasia (elevated bladder 
neck). These patients will often benefi t 
from an incision of the prostate. This pro-
cedure is more rapid and less morbid than 
TURP. Outcomes in well-selected patients 
are comparable, although a lower rate of 
retrograde ejaculation with transurethral 
incision has been reported (25 %).   

   3.     Open simple prostatectomy— When the 
prostate is too large to be removed 
 endoscopically, an open enucleation is 
necessary. What constitutes “too large” is 
subjective and will vary depending 
upon the surgeon’s experience with 
TURP. Glands >100 g are usually consid-
ered for open enucleation. Open prostatec-
tomy may also be initiated when 
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  Fig. 7.5    Benign prostatic hyperplasia, normal pattern of 
adenomas enhancement. Presence of ejaculatory duct 
cyst. ( a ) Axial T1WI (TR 550/TE 9.3) shows an enlarge-
ment of the prostate. The gland has a homogeneous 
intermediate- low signal intensity with no evidence of 
intraglandular zonal abnormalities. ( b ) Axial T2WI (TR 
5130/TE 108) shows a heterogeneous signal intensity in 
the transition zone for the adenomatous changes of the 
gland, with compression of the peripheral zone that 
appears thinned ( arrow ). There is also an ejaculatory duct 
cyst of 9 mm ( short arrow ). ( c ) Coronal T2WI (TR 3600/
TE 116) shows the ejaculatory duct cyst behind the gland 

( short arrow ). ( d ) Sagittal T2WI (TR3600/TE114) shows 
the imprint of the transition zone of the prostate on 
bladder fl oor ( arrow ) and the compression/defl ection of 
intraprostatic urethra by adenomatous hyperplasia 
( arrowhead ). ( e ,  f ) Early and later dynamic contrast- 
enhanced gradient-echo images (TR 12/TE 5.7) show a 
slight and diffuse enhancement of the adenomatous cen-
tral zone and a greater and progressive enhancement 
of central gland adenomas without any washout ( arrow ). 
( g ,  h ) DWI (b800) and ADC images do not show 
signifi cant restricted diffusion areas in the gland       
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concomitant bladder diverticulum or a 
bladder stone is present or if dorsal lithot-
omy positioning is not possible.    
  Open prostatectomies can be done with 
either a suprapubic or retropubic approach.   

   D.     Minimally Invasive Therapy 
    1.     Laser therapy— Many different techniques 

of laser surgery for the prostate have been 
described. Two main energy sources of 
lasers have been utilized—Nd:YAG and 
holmium:YAG. 

 Several different  coagulation necrosis  
techniques have been described. 
Transurethral laser-induced prostatectomy 
(TULIP) is done with TRUS guidance. 
The TULIP device is placed in the urethra, 
and TRUS is used to direct the device as it 
is slowly pulled from the bladder neck to 
the apex. The depth of treatment is moni-
tored with ultrasound [ 20 ].   

   2.     Transurethral electrovaporization of the 
prostate— Transurethral electrovaporiza-
tion uses the standard resectoscope but 
replaces a conventional loop with a varia-
tion of a grooved rollerball. High current 
densities cause heat vaporization of the 
tissue, resulting in a cavity in the prostatic 
urethra.   

   3.     Hyperthermia— Microwave hyperthermia 
is most commonly delivered with a 
 transurethral catheter. Some devices cool 
the urethral mucosa to decrease the risk 
of injury. However, if temperatures are 
not >45 °C, cooling is unnecessary. 
Improvement in symptom score and fl ow 
rate is obtained, but as with laser surgery, 
large-scale, randomized studies with long- 
term follow-up are needed to assess dura-
bility and cost-effectiveness [ 21 ].   

   4.     Transurethral needle ablation of the pros-
tate— Transurethral needle ablation uses a 
specially designed urethral catheter that is 
passed into the urethra. Interstitial radio- 
frequency needles are then deployed from 
the tip of the catheter, piercing the mucosa 
of the prostatic urethra. The use of radio 
frequencies to heat the tissue results in a 
coagulative necrosis.   

   5.     High-intensity focused ultrasound— High- 
intensity focused ultrasound is another 
means of performing thermal tissue abla-
tion. A specially designed dual-function 
ultrasound probe is placed in the rectum. 
This probe allows transrectal imaging of 
the prostate and also delivers short bursts 
of high-intensity focused ultrasound 
energy, which heats the prostate tissue and 
results in coagulative necrosis.   

   6.     Intraurethral stents— Intraurethral stents 
are devices that are endoscopically placed 
in the prostatic fossa and are designed to 
keep the prostatic urethra patent. They are 
usually covered by urothelium within 
4–6 months after insertion. These devices 
are typically used for patients with limited 
life expectancy who are not deemed to be 
appropriate candidates for surgery or 
anesthesia.    

7.2            Prostatitis 

7.2.1     Introduction 

 The term prostatitis encompasses a broad 
 spectrum of nonspecifi c symptoms of lower geni-
tourinary tract mainly characterized by perineal 
or genital pain, urinary symptoms such as dysuria 
or urinary frequency, and sexual dysfunction in 
its various manifestations. 

 Prostatitis is a highly prevalent nosologic 
entity and hence has an enormous fi nancial 
impact on health systems as well as negative 
repercussions on patients’ quality of life. 

 The symptoms are ambiguous, diagnostic 
methods are controversial, and treatments are long 
and often produce inconsistent results; conse-
quently, although not life threatening, prostatitis 
has become one of those diseases that is diffi cult 
both for the patient and for the physician who 
attempts to help, sometimes without success. 

 Although an infectious etiology is accepted in 
most cases, there are major controversies about 
both the diagnostic methods used and their inter-
pretation. Recently, the National Institutes 
of Health in the USA has proposed a new 
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classifi cation of this disease to substitute that used 
for the last 20 years. This new classifi cation may 
provide a more effective approach to the diagnosis 
and treatment of this insidious disease (Table  1 ), 
and it is better explained in the next paragraph.

7.2.2        Pathogenesis 

 Prostatitis is considered an infl ammation of the 
prostate gland, which can be infectious or nonin-
fectious in origin. The infective prostatitis is in 
most cases bacterial prostatitis, which is further 
divided into acute bacterial prostatitis (ABP) and 
chronic bacterial prostatitis (CBP) form. 

 ABP (Category I) refers to infl ammation of 
the prostate associated with a urinary tract infec-
tion (UTI). In response to bacterial invasion, 
leukocytes (polymorphonuclear leukocytes, lym-
phocytes, plasma cells, and macrophages) are 

seen within and surrounding the acini of the pros-
tate. Edema and hyperemia of the prostatic 
stroma frequently develop. With prolonged infec-
tion, variable degree of necrosis and abscess 
formation can occur. 

 In CBP (Category II), the bacteria colonize the 
prostate, which then serves as a nidus for recur-
rent UTI. It is thought that infection can result 
from ascending urethral infection or refl ux of 
infected urine from the bladder into the prostatic 
ducts or direct hematogenous infection or spread 
from the rectum. Ascending urethral infection 
may occur following sexual intercourse. 
Inoculation may occur during cystoscopy, other 
instrumentation, prolonged catheterization, or 
unprotected anal intercourse. In the intraprostatic 
urinary refl ux, the infected urine refl uxes into the 
ejaculatory and prostatic ducts that empty into 
the posterior urethra. Urine refl ux also may occur 
in urethral stricture disease. Because of the anat-
omy of the prostate gland, ducts that drain glands 
in the peripheral zone are positioned more hori-
zontally than other prostatic ducts and, thus, 
facilitate the refl ux of urine into the prostate. 
Consequently, most infections occur in the 
peripheral zone. Refl uxing urine, even when ster-
ile, may cause chemical irritation and initiate 
tubule fi brosis and prostatic stone formation, 
which then leads to intraductal obstruction and 
stagnation of intraductal secretions. Bacterial 
colonies can serve as a nidus for relapsing infec-
tions. The direct invasion or lymphogenous 
spread from the rectum may be facilitated 
by injury to the rectal wall by constipation or 
trauma (e.g., in prostate biopsy). The direct 
 hematogenous infection is caused by a systemic 
infection, but it is a rare cause of prostatitis. Most 
infections involve only a single bacterial organ-
ism. Occasionally, two or three strains of bacteria 
may be involved. The organisms primarily 
responsible for bacterial prostatitis are also those 
responsible for most UTI:  Escherichia coli  (about 
80 %),  Klebsiella  species,  Pseudomonas aerugi-
nosa ,  Enterococcus faecalis , gram-positive 
microorganisms,  Mycoplasma , and  Chlamydia . 
Nosocomial strains of bacteria are often cultured 
from the prostates of men with CBP or ABP after 
hospitalization and genitourinary manipulation. 

   Table1          

 Categories  Defi nition  Description 

 I  Acute bacterial 
prostatitis 

 Bacterial infection 
of the prostate 
gland that requires 
urgent medical 
treatment 

 II  Chronic bacterial 
prostatitis 

 Chronic bacterial 
infection, rare 
condition usually 
present as 
intermittent urinary 
tract infections 

 III  Chronic prostatitis  Chronic pelvic 
pain for more than 
3 months, without 
detection of 
bacterial agents 

 IIIA  Infl ammatory 
chronic prostatitis 

 Patients with 
leukocytes in their 
prostatic fl uid 

 IIIB  Non-infl ammatory 
chronic prostatitis 

 Patients without 
leukocytes in their 
prostatic fl uid 

 IV  Asymptomatic 
infl ammatory 
prostatitis 

 Patients have no 
history of 
genitourinary pain 
but leukocytosis is 
noted, usually 
during evaluation 
for other conditions 
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 In addition to infectious causes of prostatitis, 
there are also the noninfectious causes, and in 
this topic, there is an open discussion in the lit-
erature [ 22 ]. Bacterial prostatitis is a common 
problem, but the well-documented infections of 
the prostate are exceedingly uncommon espe-
cially in chronic bacterial prostatitis (7 %). The 
uropathogens that cause bacteriuria in these 
patients are identifi ed in very few cases. Most 
patients with prostatitis do not have history of 
bacteriuria and have very little evidence of bacte-
rial infection; in these patients, we talk about “no 
bacterial prostatitis” or “prostatodynia” or 
“chronic pelvic pain” (Category III). Patients of 
this group are classifi ed basing on the presence or 
absence of leukocytes as “infl ammatory prostati-
tis” (Category IIIA) for patients with leukocytes 
in their prostatic fl uid or as “noninfl ammatory 
prostatitis” (Category IIIB) for patients without 
leukocytes in their prostatic fl uid. 

 In many studies [ 23 ] about chronic pelvic pain 
and chronic prostatitis, some microbiological 
investigations found DNA of less common 
microorganism like  C. trachomatis ,  T. vaginalis , 
and  M. genitalium  despite having no evidence of 
infection and negative urine cultures. Therefore, 
also in the classifi ed noninfectious prostatitis, the 
infection could have a role as residue of previous 
infections or a process of reactivated infection 
that triggers a process of infl ammation. 

 And fi nally, we can include in the list of pros-
tatitis the asymptomatic infl ammatory prostatitis 
(Category IV), in which we have an evidence of 
infl ammation in biopsy or analysis of prostatic 
secretion in absence of symptoms.  

7.2.3     Epidemiology 

 Together, the two forms of bacterial prostatitis 
(ABP and CBP) comprise less than 10 % of all 
prostatitis syndromes. The incidence of ABP and 
CBP in the USA is 102,000 cases per year (about 
0.33 %) [ 22 ]. 

 The incidence of bacterial prostatitis in the 
European Countries is 10–14 % [ 24 ]. 

 Nonbacterial chronic prostatitis is a signifi -
cant health problem with a prevalence between 2 

and 16 % depending on the population studied, 
the epidemiological method and the defi nitions 
of prostatitis [ 25 ]. This underlines a signifi cant 
burden on the health system in which prostatitis 
is a diagnosis in two million physician visits 
annually. 

 Talking about the asymptomatic prostatitis, 
histological evidence of prostatitis in asymptom-
atic men appears to be very common. 

 Recent studies [ 26 ,  27 ] showed the presence 
of histological evidence of chronic prostatitis in 
78 % of the surgical specimens of patients who 
had undergone treatment (TURP) for prostatic 
hyperplasia and did not have prostatic symptoms. 
And there was not any statistical differences in 
the mean PSA density between the two groups 
with and without prostatitis.  

7.2.4     Clinical and Laboratory 
Findings 

 Patients with acute bacterial prostatitis usually 
present with an abrupt onset of constitutional 
(fever, chills, malaise, arthralgia, myalgia, lower 
back/rectal/perineal pain) and urinary symptoms 
(frequency, urgency, dysuria). They may also 
present with urinary retention due to swelling of 
the prostate. Digital rectal examination reveals 
tender, enlarged glands that are irregular and 
warm. 

 Urine analysis usually demonstrates WBCs 
and occasionally hematuria. Serum blood analy-
sis typically demonstrates leukocytosis. Prostate- 
specifi c antigen levels are often elevated [ 22 ]. 
With both Category I and Category II prostatitis, 
the acute and chronic bacterial forms of the 
 condition, prostate-specifi c antigen (PSA) may 
leak from prostate cells into the bloodstream, 
boosting PSA levels on screening tests and rais-
ing fears about prostate cancer. If an increase in 
PSA is due to an infection, PSA levels will fall 
after the infection has cleared, but this can take 
3–6 months. 

 In ABP, the diagnosis of prostatitis is fi nally 
made with microscopic examination and culture of 
the prostatic expressate and culture of urine 
obtained before and after prostate massage. In 
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patients with acute prostatitis, fl uid from the pros-
tate massage often contains leukocytes with fat-
laden macrophages. However, at the onset of acute 
prostatitis, prostatic massage is usually not sug-
gested because the prostate is quite tender and the 
massage may lead to bacteremia. Similarly, ure-
thral catheterization should be avoided. Culture of 
urine and prostate secretion usually identifi es a 
single organism, but occasionally, polymicrobial 
infection may occur.  E. coli  is the most common 
causative organism in patients with acute prostati-
tis. Other gram-negative bacteria ( Proteus , 
 Klebsiella ,  Enterobacter ,  Pseudomonas  and 
 Serratia  spp.) and enterococci are less frequent 
pathogens. Anaerobic and other gram-positive 
bacteria are rarely a cause of acute prostatitis. 

 In contrast to the acute form, chronic bacterial 
prostatitis has a more insidious onset, character-
ized by relapsing, recurrent UTI caused by the 
persistence of pathogen in the prostatic fl uid 
despite antibiotic therapy. Most patients with 
chronic bacterial prostatitis typically present with 
dysuria, urgency, frequency, nocturia and low 
back/perineal pain. These patients usually are 
afebrile and do not uncommonly have a history 
of recurrent or relapsing UTI, urethritis or epi-
didymitis caused by the same organism. In 
patients with chronic bacterial prostatitis, digital 
rectal examination of the prostate is often nor-
mal; occasionally, tenderness, fi rmness or pros-
tatic calculi may be found on examination. The 
diagnosis is made after investigation for bacteri-
uria. Urine analysis demonstrates a variable 
degree of WBCs and bacteria in the urine, 
depending on the extent of the disease. Serum 
blood analysis normally does not show any evi-
dence of leukocytosis. Prostate-specifi c antigen 
levels may be elevated. Finally, diagnosis is made 
after identifi cation of bacteria from prostate 
expressate or urine specimen after a prostatic 
massage, using the 4-cup test. The causative 
organisms are similar to those of acute bacterial 
prostatitis. 

 When we have the suspect of chronic prostati-
tis but the culture of prostate expressate or urine 
analysis is negative, it could be a prostatitis of 
Category III [ 28 ]. It is also currently believed that 
other gram-positive bacteria,  Mycoplasma , 

 Ureaplasma , and  Chlamydia  are not causative 
pathogens in chronic bacterial prostatitis, but it is 
diffi cult to have a confi rmative test of their 
presence. 

 A particular type of chronic infl ammation is the 
granulomatous prostatitis, an uncommon benign 
lesion which can be basically classifi ed into four 
types: infective, iatrogenic, allergic and idiopathic. 
Infective type is caused by  Mycobacterium tuber-
culosis ,  Treponema pallid um, fungi, parasites, and 
 Escherichia coli . Among them,  M. tuberculosis  is 
the most common causative agent. In the urologi-
cal fi eld, intravesical bacillus Calmette-Guerin 
(BCG) therapy is often applied to reduce the recur-
rence of bladder cancer. Iatrogenic type is usually 
related to transurethral resection of the prostate 
(TURP). Allergic type occurs usually simultane-
ously with systemic allergic reaction, such as 
asthma and vasculitis. Idiopathic type does not 
show evident causes and it is the most common 
type of GP [ 29 ].  

7.2.5     Pathological Findings 

 Acute prostatitis is characterized by the presence 
of a purulent exudate inside the acinus with 
edema and infl ammatory reaction in periacinus 
and periductal site; the exudate, together with the 
products of glandular epithelial desquamation, is 
poured into the urethra. If the infection does not 
resolve spontaneously or as a result of therapy, 
the infl ammation tends to reach the periacinus 
interstitium and subsequently the pericapsular 
cells forming a prostatic and periprostatic phleg-
mon that can create a fi stula in various 
directions. 

 Characteristic of chronic forms is the  presence 
of one or more abscesses, mostly small in size, 
surrounded by a thick fi brous reactive capsule 
and sometimes communicating with the posterior 
urethra. This communication, on one hand pro-
motes emptying of the abscessual cavity; on the 
other allows urine to reach the residual cavity and 
to stagnate in it, resulting, species if infected, to 
the formation of prostatic calculi. The typical his-
tological appearance of chronic prostatitis is 
defi ned by the invasion of leukocytes, especially 
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polymorphonuclear leukocytes, into prostatic 
ducts and the periprostatic tissue. 

 The histological characteristics of granuloma-
tous prostatitis include palisaded histiocytoid 
granulomas (composed by neutrophils, eosino-
phils, histiocytes) with a central fi brinoid necro-
sis and adjacent eosinophilic infi ltration. 

 The xanthogranulomatous prostatitis [ 30 ] 
(XGP) is an even more rare cause of granuloma-

tous prostatitis which consists pathologically of 
prominent foamy histiocyte infi ltrates.  

7.2.6     Magnetic Resonance Imaging 

 Until now, in the study of nonneoplastic prostatic 
disease, MRI does not appear to be an examina-
tion of the fi rst instance. This also applies to the 
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  Fig. 7.6    Bacterial prostatitis. A 37-year-old man with 
hematospermia. ( a ) Axial T1WI (TR 550/TE 9.30) shows 
a normal signal intensity of the prostate gland. No high 
T1 is present to suggest blood. ( b ,  c ) Axial T2WI (TR 
3600/TE 116) show a diffuse ill-defi ned intermediate T2 
signal intensity throughout the peripheral zone (PZ) 
bilaterally ( arrows ). No focal area of signifi cant low T2 
signal intensity is identifi ed. There is no signifi cant 
enlargement of the transition zone or central zone. ( d ,  e ) 
Sagittal and coronal T2WI (TR 3600/TE 116) show the 
diffuse PZ hypointensity ( thin arrows ). The seminal 

 vesicles are  relatively distended ( thick arrow ) suggesting 
a degree of obstruction of the ejaculatory ducts. ( f ) Early 
dynamic contrast-enhanced (30 s) gradient-echo fat-satu-
rated T1WI image (TR 12/TE 5.76) shows an early 
enhancement in PZ bilaterally ( arrows ). ( g ) Later 
dynamic contrast- enhanced (2 min) gradient-echo fat-
saturated T1WI (TR 12/TE 5.76) image shows a progres-
sive enhancement without any washout in these areas 
( arrow ) with a plateau curve. (H-I) b800 DWI and ADC 
map images do not show signifi cant restricted diffusion 
in the examined areas       
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infl ammatory disease, for which the patient is 
asked to undergo ultrasonography by transrectal 
ultrasound (TRUS), after the digital-rectal explo-
ration (DRE) and urine analysis in three samples 
before and after prostatic massage. 

 The ultrasound allows us to assess gland 
 volume, capsular profi le, the presence of fi brocal-
cifi c areas and regularity of the bladder fl oor. 
However, in selected cases with elevated PSA, 
doubtful DRE and not diagnostic TRUS, RM with 
morphological evaluation, dynamic perfusion and 
eventually spectroscopic scans can be used. 

 Acute prostatitis (Fig.  7.6 ) is not a usual indi-
cation for this type of exam; usually the clinical 
presentation, analysis and ultrasound make diag-
nosis in these cases. However, RM can discover 
prostatic areas of acute infl ammation in asymp-
tomatic patients. These patients usually perform 
RM exam for elevated value of PSA and a sus-
pected lesion seen on ultrasound (Fig.  7.7 ). 
Often, RM can show infl ammation areas in 
patients who recently underwent transrectal pros-
tatic biopsy.

    In acute prostatitis, the gland becomes swol-
len, appearance characterized by abnormal 

homogeneous signal intensity (Fig.  7.6 ). The 
peripheral and the periurethral portions, more 
frequently affected by the infl ammatory process, 
can have T1 hypointensity and T2 hyperintensity 
in relation to the presence of edema or they can 
present a T2 hypointense site of infl ammation 
with focal or diffuse increased vascularization 
visualized on post-contrast dynamic sequences 
(Fig.  7.6 ). Starting from the rational that in acute 
infl ammatory phase there be an increase in capil-
lary permeability and vasodilation, in the 
dynamic study after administration of paramag-
netic contrast agent, post-contrast enhancement 
of the areas of parenchyma affected by 
 infl ammation is showed, with the typical pattern 
of vascularization that demonstrates marked and 
early and widespread enhancement, in the 
absence of washout (Figs.  7.6  and  7.7 ). Infi ltration 
of the periprostatic fat, involvement of the semi-
nal vesicles, and enlarged venous plexus are the 
frequent associated fi ndings. In this context, also 
abscesses could be identifi ed, which sometimes 
originate from nodules of secretions themselves, 
represented by T2 hyperintensity and T1 hyper-
intensity, expression of the high protein content 
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  Fig. 7.7    Patient with prostatic hyperplasia and recent rise 
in the PSA. Detection of acute infl ammatory foci in PZ. 
( a ,  b ) Axial T1WI (TR 550/TE 9.30) and T2WI (TR 3600/
TE 116) show an enlargement of the prostate gland with a 
normal signal intensity of the peripheral zone of the pros-
tate gland ( arrow ). ( c ,  d ) Coronal and sagittal T2WI (TR 
3600/TE 116) show an increase in the size of the central 
area ( thin arrow ) responsible for compression of the ure-
thra and compression of the peripheral zone ( thick arrow ). 

( e ) Early dynamic contrast-enhanced (30 s) gradient-echo 
image (TR 12/TE 5.76) shows a slight early enhancement 
in the peripheral zone of the left lobe ( arrow ) and also in 
the central zone. ( f ) Later dynamic contrast-enhanced 
(2 min) gradient-echo (TR 12/TE 5.76) image shows a 
progressive enhancement without any washout ( arrow ). 
( g ,  h ) b800 DWI and ADC images do not show areas with 
signifi cantly restricted diffusion       
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  Fig. 7.8    Chronic infl ammatory prostatitis. ( a ) Axial 
T1WI (TR 550/TE 9.30) shows some focal hyperintense 
lesions in the peripheral zone in keeping with previous 
biopsy ( arrows ). ( b ) Axial T2WI (TR 3600/TE 116) 
shows a not well-defi ned area of hypointensity signal 
in the peripheral zone of the left lobe of the prostate 
at the level of the middle third of the gland ( arrow ). 
( c ,  d ) Sagittal and coronal T2WI (TR 3600/TE 116) 
show a low signal intensity in left posterior PZ ( arrow ). 

( e ,  f ) b800 DWI and ADC images do not show  signifi cant 
restricted diffusion in the examined area. ( g ) Early 
dynamic contrast- enhanced (30 s) gradient-echo image 
(TR 12/TE 5.76) shows an area with striated morphol-
ogy with early enhancement in the peripheral zone of 
left prostatic lobe ( arrow ). ( h ) Later dynamic contrast-
enhanced (2 min) gradient-echo image (TR 12/TE 5.76) 
shows a progressive enhancement without any washout 
( arrow )       
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  Fig. 7.9    Chronic prostatitis involving the whole 
 peripheral zone. ( a ,  b ) Sagittal and coronal T2WI 
(TR 3600/TE 116) show a slightly hypointensity of all the 
peripheral zone ( arrows ); there are no irregularities in the 
prostatic capsule. ( c ) Axial T1WI (TR 550/TE 9.30) 
shows normal signal intensity of the prostatic apex. 
( d ) Axial T2WI shows two foci of vague low signal inten-
sity in the peripheral zone of the prostatic apex ( arrows ). 

( e ) Early dynamic contrast- enhanced gradient-echo image 
(TR 12/TE 5.76) shows an early enhancement with stri-
ated morphology in the right and left PZ of prostatic apex 
( arrows ). ( f ) Later dynamic contrast-enhanced gradient-
echo image (TR 12/TE 5.76) shows a progressive 
enhancement without any washout ( arrow ). ( g ,  h ) b800 
DWI and ADC images do not show areas of signifi cantly 
restricted diffusion       
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of the abscess, often surrounded by a rim charac-
terized by marked enhancement. 

 In chronic prostatitis, areas of hypointense sig-
nal on T2 sequences may be present in the context 
of the peripheral skirt of the prostate gland, which 
does not exhibit nodular morphological character-
istics. The lesions of the peripheral zone have not 
usually defi ned margins (Fig.  7.8 ) and sometimes 
they can appear as a diffuse thickening and homo-
geneous lowering of signal intensity of all the 
peripheral zone    (Figs.  7.9 ,  7.10 , and  7.11 ). In 
most cases in the context of these areas of altered 
signal, we can identify in post-contrast dynamic 
sequences linear or lozenge-like-appearance 
lesions (Figs.  7.8  and  7.9 ).

      It is also possible to notice a chronic infl amma-
tion with nodular aspect characterized by abundant 
fi brotic component, as in the case of granuloma-
tous prostatitis that presents RM pattern similar to 
that of a nodule of prostate cancer, with a focal 
round or oval hypointensity in T2 in the context of 
the peripheral zone (Figs.  7.12 ,  7.13 , and  7.14 ).

     In the dynamic-perfusional study, acquired dur-
ing intravenous administration of  paramagnetic 
contrast agent, bands of enhancement have been 
found in chronic prostatitis for increased vascular-
ization pattern, typical of the infl ammatory pro-
cess, with modest late and progressive enhancement 
and absence of washout, which expresses fi brotic 
evolution of alteration (Figs.  7.8 ,  7.9 ,  7.10 , 
and  7.11 ). 

 It is not rare to fi nd patients with both chronic 
infl ammation and benign prostatic hyperplasia 
[ 3 ] that show to have larger prostate volumes, 
more severe lower urinary tract symptoms and a 
higher probability of acute urinary retention 
than their counterparts without infl ammation. 
Also, chronic infl ammation could be a predictor 
of poor response to BPH medical treatment. 
Thus, the ability to identify patients with chronic 
infl ammation would be crucial to prevent BPH 
progression and develop target therapies.
   In these cases, it may be diffi cult to 
distinguish a defi ned area of infl ammation 
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  Fig. 7.10    Chronic prostatitis involving the whole  peripheral 
zone (same patient of Fig.  7.9 ). ( a ) Axial T1 W (TR 550/TE 
9.30) at midgland level of the prostate. ( b ) Axial T2WI 
(TR 3600/TE 116) shows a wide  low-signal- intensity area in 
the peripheral zone of the left lobe ( arrow ). ( c ) Early 
dynamic  contrast-enhanced gradient-echo image (TR 12/TE 

5.76) shows a focal area with early enhancement in the 
peripheral zone of the left prostatic lobe ( arrow ). ( d ) Later 
dynamic contrast-enhanced gradient-echo image (TR 12/TE 
5.76) shows a progressive enhancement without any wash-
out ( arrow ). ( e ,  f ) b800 DWI and ADC image do not show 
signifi cative diffusion restriction in the examined area       
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  Fig. 7.12    Granulomatous prostatitis. ( a ) Axial T1WI 
(TR 550/TE 9.30) at the level of the apex of the prostate 
gland does not reveal any abnormality. ( b ) Axial T2WI 
(TR 3600/TE 116) at the same level shows two low-
signal- intensity foci involving the posteromedial periph-
eral zone of the right and left prostatic lobes ( arrows ). ( c , 
 d ) Sagittal and coronal T2WI (TR 3600/TE 116) confi rm 
the low signal intensity areas in the posteromedial periph-

eral zone of the apex bilaterally ( arrows ). ( e ) DWI b800 at 
the apex does not reveal important changes of signal 
intensity. ( f ) ADC image better demonstrates a low ADC 
value in the previous described areas ( arrows ). ( g ,  h ) 
Early and later dynamic contrast- enhanced gradient-echo 
images (TR 12/TE 5.76) show a marked early enhance-
ment in the peripheral areas of the apex without later 
washout ( arrows )       
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  Fig. 7.11    Chronic prostatitis involving the peripheral 
zone (PZ) and the central zone (CZ). ( a ) Axial T1WI (TR 
550/TE 9.30) reveals only a slight increase in size of the 
prostate gland. ( b ) Axial T2WI (TR 3600/TE 116) at the 
midgland level shows a poor differentiation of the periph-
eral zone with the central zone ( arrow ). The peripheral 
zone assumes a homogeneous alteration of its normal sig-
nal intensity without pointing out any focal lesions. ( c ,  d ) 
Sagittal and coronal T2WI (TR 3600/TE 116) confi rm an 
ill defi nition of the zonal anatomy of the gland, with dif-
fuse thickening and hypointensity of the peripheral poste-

rior prostatic zone ( thin arrow ). Interstitial hyperplasia of 
the transitional zone ( thick arrow ) is seen. ( e ) Early 
dynamic contrast-enhanced gradient-echo image (TR 12/
TE 5.76) shows a focal area with early enhancement in the 
peripheral zone of the left prostatic lobe ( arrow ). ( f ) Later 
dynamic contrast-enhanced gradient-echo image (TR 12/
TE 5.76) shows a progressive enhancement without any 
washout ( arrow ). ( g ,  h ) b800 DWI and ADC images show 
an alteration of the diffusion coeffi cient with low ADC 
value in the focus described before ( arrow )       
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in the context of the peripheral zone because 
this is compressed by hyperplasia or because 
the infl ammatory process may involve both the 
peripheral zone and the transition zone causing 
a poor differentiation of the peripheral areas 
with the central and transitional areas (Figs.  7.7 , 
 7.8 ,  7.9 , and  7.10 ). 

 In DWI, areas of prostatitis could show a 
normal or a lower mean ADC value than the 
normal prostatic peripheral gland. Some studies 
demonstrate a difference in mean ADC between 
prostatitis and prostate cancer by using 
MR-guided biopsy specimens as standard of 
reference, although its usability in clinical 
practice is limited due to a high degree of over-
lap. In our experience in prostatitis lesions DWI 
was negative in most cases and the diagnosis 
was based mostly on hypointensity on 
T2-weighted and on pattern of vascularization 
typically characterized by early and progressive 
enhancement in the absence of washout 
(Figs.  7.7 ,  7.8 , and  7.9 ). 

 Prostatic calcifi cation is sometimes associated 
with infl ammation when seen in young men [ 31 ]. 
Patients with chronic prostatitis are more likely 

to have calcifi ed prostates. Some studies [ 11 ] cor-
related the presence of prostatic stones with pres-
ence of chronic prostatitis and showed that men 
with larger signifi cant calcifi cations were much 
more likely to have symptoms of lower urinary 
tract symptoms or prostatitis. Calcifi cations can 
be an effect of repeated bouts of infection and 
infl ammation (Fig.  7.15 ), or in contrast, they 
might indicate a switch from the early highly 
treatment-responsive phase of the prostatitis to 
the later chronic stage in which response to 
monotherapy is infrequent.

7.2.7        Differential Diagnosis 

7.2.7.1     Prostatic Hyperplasia 
 Benign prostatic hyperplasia is the most common 
prostatic lesion found in men and frequently 
found in the age group of 60–70 years. The symp-
toms are often similar to prostatitis, but usually 
pain distinguishes chronic prostatitis from BPH 
better than any other urinary symptom [ 32 ]. 

 Transitional zone prostatitis is diffi cult to dis-
tinguish from benign prostatic hyperplasia (BPH).  
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  Fig. 7.13    Granulomatous prostatitis. ( a ) Axial T1WI 
(TR 550/TE 9.30) shows an increase in prostate volume 
with distension of seminal vesicles ( arrow ) which have 
hyperintense endoluminal content due to methemoglobin 
for previous biopsy. ( b ) Axial T2WI (TR 3600/TE 116) 
shows two low-signal regions in the right and in the left 
peripheral zone of the prostatic base with indistinct mar-
gins ( arrows ). ( c ,  d ) Sagittal and coronal T2WI (TR 3600/

TE 116) confi rm the low-signal-intensity foci in the base 
of prostate gland ( arrows ). ( e ,  f ) b600 DWI and ADC 
image show a restricted diffusion in the same zones 
( arrows ). ( g ) Early dynamic contrast-enhanced gradient-
echo image (TR 12/TE 5.76) shows diffuse early enhance-
ment in the peripheral zone of the prostatic base ( arrows ). 
( h ) Later dynamic contrast-enhanced gradient-echo image 
(TR 12/TE 5.76) does not show any washout ( arrows )       
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7.2.7.2     Prostate Cancer 
 Prostatitis can be a cause of an elevated PSA 
level; in these cases, the differential diagnosis 
from prostate cancer could be diffi cult. As a 
consequence, prostatitis patients will undergo 
transrectal ultrasonography (US)-guided biopsy 
sessions. Moreover, prostate cancer can still be 
present in patients with biopsy-proved prostatitis. 

 Magnetic resonance imaging of the prostate is 
the imaging modality of choice in prostate cancer 
detection, localization, and staging. The diagnos-
tic value of anatomic T2-weighted MR imaging 
in discriminating prostate cancer from benign 
prostate tissue is limited. The interpretation of 
these images can be affected by false-positive 
fi ndings such as prostatitis, post-biopsy hemor-
rhage, and fi brosis. 

 DW imaging is a noninvasive technique that 
demonstrates a difference in mean ADC between 
prostatitis and prostate cancer [ 17 ] by using 
MR-guided biopsy specimens as standard of ref-
erence, although its usability in clinical practice 
is limited due to a high degree of overlap. 

 The median apparent diffusion coeffi cient 
(ADC) of prostatitis was higher than prostate 

cancer for both the peripheral zone and central 
gland; however, substantial overlap exists. 
Diffusion-weighted imaging may help reduce the 
number of false-positive fi ndings at prostate can-
cer MR imaging. 

 To improve the diagnostic accuracy of pros-
tate MR imaging, functional imaging techniques 
have been applied, such as dynamic contrast- 
enhanced MR imaging, proton MR spectroscopic 
imaging and diffusion-weighted MR imaging. 
From the dynamic-perfusional analysis, different 
patterns of vascularization between infl ammation 
and cancer come out. While in presence of an 
infl ammatory outcome a diffuse progressive 
enhancement without washout is documented, in 
the tumor you have strong early enhancement 
with subsequent washout. 

 In some studies [ 33 ], the perfusion parameters 
were investigated, and a statistically signifi cant dif-
ferentiation of chronic prostatitis from high-grade 
cancer was showed. High-grade cancer showed 
higher perfusion than chronic prostatitis. There 
were no statistically signifi cant differences between 
low-grade and high-grade cancer or between low-
grade cancer and chronic prostatitis. 

a b c d
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  Fig. 7.14    Granulomatous prostatitis. ( a ) Axial T1WI (TR 
550/TE 9.30) at the level of mid-third of the prostate gland 
does not reveal any alteration. ( b ) Axial T2WI (TR 3600/
TE 116) at the same level shows a low signal intensity nod-
ule involving the peripheral zone (PZ) and the central zone 
(CZ) of right prostatic lobe ( arrow ). ( c ,  d ) Sagittal and 
coronal T2WI (TR 3600/TE 116) confi rm the low-signal-
intensity lesion in the right prostatic lobe at midgland level 
( arrow ). ( e ) DWI b800 shows a slight hyperintensity in the 

right prostatic lobe ( arrow ). ( f ) ADC image better dem-
onstrates a low ADC value in the examined area ( arrow ). 
( g ) Early dynamic contrast- enhanced gradient-echo image 
(TR 12/TE 5.76) shows a marked enhancement in the 
PZ and CZ of the right lobe ( arrow ). ( h ) Later dynamic 
contrast-enhanced gradient-echo image (TR 12/TE 5.76) 
shows a progressive enhancement  without any washout of 
the granulomatous nodule ( arrow )       
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 Often, little neoplastic infi ltration can be 
found adjacent to and in the context of infl amma-
tory processes in the same patient. This overlap 
cannot be detected in the biopsies by random 
sampling because the frustules may not contain 
both lesions. MRI has the ability, thanks to the 
dynamic and spectroscopic study, to isolate indi-
vidual voxel altered in neoplastic and/or in 
infl ammatory sense, according to different meta-
bolic characteristics.   

7.2.8     Prognosis and Management 

     Category I:  Acute bacterial prostatitis 
 Antibiotics are the standard treatment and are 

highly effective for this form of prostatitis. 
Typical choices include fl uoroquinolones, 
such as ciprofl oxacin (Cipro), levofl oxacin 
(Levaquin), and ofl oxacin (Floxin), and trim-
ethoprim/sulfamethoxazole (Bactrim, Septra, 
Cotrim). It is important to continue medica-
tion for the entire prescribed course, even if 
the patient is feeling better. This will help pre-
vent infection from returning.  

   Category II : Chronic bacterial prostatitis 
 Treatment requires the same antibiotics used for 

the acute form, usually for 1–3 months, but 
even with the prolonged treatment, the infec-
tion often recurs. If this happens, the recur-
rence can usually be controlled with another 
course of antibiotics.  

   Category III : Chronic prostatitis/chronic pelvic 
pain syndrome 

 Category III prostatitis has two variants, distin-
guished by the presence or absence of infl am-
mation. In Category IIIA (infl ammatory) 
prostatitis, white blood cells, a sign of infec-
tion, are found in the urine and in prostate 
secretions. Antibiotics are useful for Category 
IIIA prostatitis in case there is an undetected 
bacterial infection, but such treatment is gen-
erally ineffective. Because there is no known 
cause, most other therapies aim to reduce dis-
comfort rather than address the cause of the 
condition. Pain medications that reduce 
infl ammation, such as aspirin, ibuprofen, or 
other nonsteroidal anti-infl ammatory drugs 
(NSAIDs), may be helpful and so may hot 
baths. In addition, anticholinergic drugs can 

a b c d
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  Fig. 7.15    Outcomes of previous recurrent prostatitis. 
Prostatic peripheral zone (PZ) calcifi cation. ( a ) Axial 
T1WI (TR 550/TE 9.30) at midgland level does not show 
alterations. ( b ) Axial T2WI (TR 3600/TE 116) shows a 
marked hypointense focal round lesion in the right pos-
terior PZ ( arrow ). ( c ,  d ) Sagittal and coronal T2WI (TR 
3600/TE 116) show the presence of more diffuse lesions 
in the peripheral area ( arrows ) of prostate gland with 

round-like morphology and marked hypointensity. ( e ,  f ) 
In DWI b600 and ADC images, we recognize an absence 
of signal in one of the lesions  previously described 
( arrow ). ( g ,  h ) Early and later dynamic contrast- 
enhanced gradient-echo images confi rm the absence of 
signal in the lesion of the peripheral prostatic zone 
( arrow ) without any enhancement       
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be used, such as tolterodine (Detrol) and 
 oxybutynin (Ditropan), which reduce urinary 
symptoms by decreasing bladder contractions. 
Also an alpha-blocker drug, which relaxes the 
muscles at the neck of the bladder, eases the 
fl ow of urine. 

 Category IIIB (no infl ammatory) prostatitis is 
often referred to as prostatodynia. This term 
means “pain in the prostate” and, not surpris-
ingly, that is the main symptom of the 
 condition. But what is causing this pain is not 
clear; the prostate feels normal when it is 
examined, the urine is free of infection, and 
prostate secretions do not contain white blood 
cells. The pain can be persistent and debilitat-
ing and is often accompanied by depression, 
anxiety, or sexual dysfunction. Urine fl ow can 
also be abnormal, with an interrupted or weak 
stream, an urge to urinate (even when you can 
produce little urine), or frequent urination 
(often in small amounts). Although it can 
occur at any age, prostatodynia is most com-
mon in young to middle-aged men. Alpha-
blockers medications most likely are used to 
reduce such symptoms and are useful more in 
men who were newly diagnosed with chronic 
pelvic pain syndrome; an extended course of 
treatment (3–6 months) is more effective than 
a shorter course; and broader alpha-blockers 
such as doxazosin (Cardura) and terazosin 
(Hytrin) are more effective than the more 
selective agents.         

   References 

    1.    McNeal JE et al (1988) Zonal distribution of prostatic 
adenocarcinoma. Correlation with histologic pattern 
and direction of spread. Am J Surg Pathol 12(12):
897–906  

    2.    Nelson WG et al (2004) The role of infl ammation in 
the pathogenesis of prostate cancer. J Urol 172
(5 Pt 2):S6–S11; discussion S11–S12  

     3.    Gandaglia G et al (2013) The role of chronic prostatic 
infl ammation in the pathogenesis and progression of 
benign prostatic hyperplasia (BPH). BJU Int 112(4):
432–441  

    4.    Hughes C et al (2005) Molecular pathology of pros-
tate cancer. J Clin Pathol 58(7):673–684  

    5.    Jemal A et al (2005) Cancer statistics, 2005. CA Cancer 
J Clin 55(1):10–30  

    6.    Barqawi AB et al (2005) Observed effect of age and 
body mass index on total and complexed PSA: analy-
sis from a national screening program. Urology 
65(4):708–712  

    7.    Grossfeld GD, Coakley FV (2000) Benign prostatic 
hyperplasia: clinical overview and value of diagnostic 
imaging. Radiol Clin North Am 38(1):31–47  

    8.    Roddam AW et al (2005) Use of prostate-specifi c 
antigen (PSA) isoforms for the detection of prostate 
cancer in men with a PSA level of 2-10 ng/ml: sys-
tematic review and meta-analysis. Eur Urol 48(3):
386–399; discussion 398–399  

    9.    Berger AP et al (2005) Longitudinal PSA changes in 
men with and without prostate cancer: assessment of 
prostate cancer risk. Prostate 64(3):240–245  

    10.    Shoskes DA et al (2003) Long-term results of multi-
modal therapy for chronic prostatitis/chronic pelvic 
pain syndrome. J Urol 169(4):1406–1410  

     11.    Geramoutsos I et al (2004) Clinical correlation of 
prostatic lithiasis with chronic pelvic pain syndromes 
in young adults. Eur Urol 45(3):333–337; discussion 
337–338  

    12.    Murphy G et al (2013) The expanding role of MRI 
in prostate cancer. AJR Am J Roentgenol 201(6):
1229–1238  

      13.    Oto A et al (2010) Prostate cancer: differentiation of 
central gland cancer from benign prostatic hyperpla-
sia by using diffusion-weighted and dynamic 
contrast- enhanced MR imaging. Radiology 257(3):
715–723  

    14.    Barentsz JO et al (2012) ESUR prostate MR guide-
lines 2012. Eur Radiol 22(4):746–757  

    15.    Huisman C et al (2001) Accelerated cisplatin and 
high-dose epirubicin with G-CSF support in patients 
with relapsed non-small-cell lung cancer: feasibility 
and effi cacy. Br J Cancer 85(10):1456–1461  

    16.    Saremi F et al (2009) Characterization of genitouri-
nary lesions with diffusion-weighted imaging. 
Radiographics 29(5):1295–1317  

     17.    Nagel KN et al (2013) Differentiation of prostatitis 
and prostate cancer by using diffusion-weighted MR 
imaging and MR-guided biopsy at 3 T. Radiology 
267(1):164–172  

    18.    McConnell JD (1994) Benign prostatic hyperplasia. 
J Urol 152(2 Pt 1):459–460  

    19.    McConnell JD et al (2003) The long-term effect of 
doxazosin, fi nasteride, and combination therapy on 
the clinical progression of benign prostatic hyperpla-
sia. N Engl J Med 349(25):2387–2398  

    20.   Hoffman RM, MacDonald R, Wilt TJ (2004) Laser 
prostatectomy for benign prostatic obstruction. 
Cochrane Database Syst Rev (1):CD001987  

    21.    Hoffman RM et al (2004) Transurethral microwave 
thermotherapy vs transurethral resection for treating 
benign prostatic hyperplasia: a systematic review. 
BJU Int 94(7):1031–1036  

T. Milazzo et al.



181

      22.      Duclos A et al (2008) Genitourinary pain and 
infl ammation: diagnosis and management. vol 2, 
pp 175–199  

    23.    Krieger JN, Riley DE (2002) Prostatitis: what is the role 
of infection. Int J Antimicrob Agents 19(6):475–479  

    24.    Mehik A et al (2000) Epidemiology of prostatitis in 
Finnish men: a population-based cross-sectional 
study. BJU Int 86(4):443–448  

    25.    Krieger JN, Ross SO, Riley DE (2002) Chronic pros-
tatitis: epidemiology and role of infection. Urology 
60(6 Suppl):8–12; discussion 13  

    26.    Piovesan AC et al (2009) Incidence of histological 
prostatitis and its correlation with PSA density. 
Clinics (Sao Paulo) 64(11):1049–1051  

    27.    Edlin RS et al (2012) Prevalence of histological pros-
tatitis in men with benign prostatic hyperplasia or 
adenocarcinoma of the prostate presenting without 
urinary retention. S Afr J Surg 50(4):127–130  

    28.       Jiménez-Cruz JF, Broseta-Rico E (2005) Clasifi caciòn, 
etiologìa, diagnostico y tratamiento de las prostatitis. 

Otros tipos de prostatitis. Enferm Infecc Microbiol 
Clin 23(4):47–56  

    29.    Warrick J, Humphrey PA (2012) Nonspecifi c granulo-
matous prostatitis. J Urol 187(6):2209–2210  

    30.    Lee HY et al (2012) Xanthogranulomatous prostatitis: 
a rare entity resembling prostate adenocarcinoma 
with magnetic resonance image picture. Clin Imaging 
36(6):858–860  

    31.    Shoskes DA et al (2007) Incidence and signifi cance of 
prostatic stones in men with chronic prostatitis/chronic 
pelvic pain syndrome. Urology 70(2):235–238  

    32.    Collins MM et al (1999) Distinguishing chronic pros-
tatitis and benign prostatic hyperplasia symptoms: 
results of a national survey of physician visits. 
Urology 53(5):921–925  

    33.    Franiel T et al (2008) Evaluation of normal prostate 
tissue, chronic prostatitis, and prostate cancer by 
quantitative perfusion analysis using a dynamic 
contrast- enhanced inversion-prepared dual-contrast 
gradient echo sequence. Invest Radiol 43(7):481–487      

7 Benign Prostatic Pathology



183R. Manfredi, R. Pozzi Mucelli (eds.), MRI of the Female and Male Pelvis,
DOI 10.1007/978-3-319-09659-9_8, © Springer International Publishing Switzerland 2015

8.1            Introduction 

 With an estimated 5-year prevalence of 2.3 
 million patients in the world, prostate cancer is a 
major global health problem [ 1 ]. In particular, 
prostate cancer is the most frequently diagnosed 
cancer in males, accounting for 25 % of all can-
cers in males (192,280 of 766,130 newly diag-
nosed cancers in males in 2009), compared with 
15 % for lung cancer. It is the second leading 
cause of cancer-related death in men, making up 
9 % of cancer deaths in males (27,360 of 292,540 
cancer-related deaths in males in 2009), a value 
exceeded only by the death rate from lung cancer 
in males (30 %) [ 2 ]. In the United States, the life-
time probability of developing prostate cancer is 
1 in 6 [ 3 ]. The prevalence of prostate cancer 
increases with age; 34 % of men in the 5th decade 
of life and up to 70 % aged 80 years or older have 
histologic evidence of prostate cancer. 

 Because of the advent of prostate-specifi c 
antigen (PSA) screening, most prostate cancers 
are now diagnosed at an earlier stage. At present, 
86 % of newly diagnosed prostate cancers are 
localized within the gland, and patients have a 

5-year relative (i.e., adjusted for life expectancy) 
survival rate of 100 %. The 5-year relative 
 survival rate for all stages of prostate cancer is 
98 %, while the corresponding 10-year survival 
rate is 93 %, and the 15-year survival rate is 
79 %. That indicates that most prostate cancers 
grow slowly [ 4 ,  5 ] and allow for prolonged sur-
vival, even in patients with metastases at diagno-
sis [ 6 ]. An early detection can lead to a complete 
cure; however, in more than 85 % of cases of 
prostate cancer, multiple cancer foci are found in 
the prostate [ 7 – 9 ]. 

 Prostate cancer screening consists of  (a)  the 
measurement of PSA concentration in serum and 
 (b)  a digital rectal examination. The various con-
fl icting guidelines and recommendations regard-
ing prostate cancer screening refl ect the 
controversies surrounding the potential benefi ts 
and limitations of PSA testing [ 10 ,  11 ]. PSA 
measurement has yielded higher detection rates 
than has digital rectal examination [ 12 ], but its 
specifi city is low (36 %) owing to false-positive 
PSA elevation under benign circumstances, such 
as infl ammation or benign prostatic hyperplasia 
(BPH) [ 13 ]; digital rectal examination has a low 
overall sensitivity (37 %) and low positive pre-
dictive value when lower PSA ranges of 0–3 ng/
mL are encountered [ 11 ]. Therefore, some 
groups, including the American Urologic 
Association, have recommended that a baseline 
PSA serum measurement be obtained in men 
between the ages of 40 and 50 years, whereas 
others remain unconvinced of a need for, or 
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 benefi t from, a routine PSA measurement [ 10 ]. 
Conversely, the American Cancer Society recom-
mends that PSA screening be offered to men 
aged 50 years or older who have an average pros-
tate cancer risk and an estimated life expectancy 
of at least 10 years. 

 Patients with an elevated PSA level or with 
abnormal fi ndings at digital rectal examination 
are candidates for further diagnostic evaluation 
with a transrectal ultrasonography (US)-guided 
prostate biopsy: because of the low accuracy of 
US for prostate cancer detection and localization, 
a random biopsy is usually performed instead of 
a targeted biopsy of lesions encountered during 
the US exam. The systematic random sextant 
biopsy involves the acquisition of a minimum of 
four extra cores from lateral peripheral zones or 
from a region that is suspicious for cancer [ 14 ]. 
Histopathologic analysis of these biopsy samples 
provides the clinician with information on the 
Gleason score. However, a random biopsy has 
several disadvantages. For example, it may lead 
to an increase in complications because of the 
unnecessary sampling of normal prostate tissue. 
Moreover, a biopsy-determined Gleason grade, 
although valuable, is subject to undersampling 
(35 % cancers missed on fi rst biopsy for locations 
outside the routine biopsy) [ 15 ] or underestima-
tion of the Gleason grade [ 16 ,  17 ]. In addition, 
there may be diffi culty in determining the site of 
a previous biopsy when repeating biopsy in a 
patient with a previous negative result and con-
tinuously high prostate-specifi c antigen levels. 

 Because these diagnostic methods all have 
their limitations, there is a need for improved 
prostate cancer diagnosis with improved detec-
tion, localization, and staging [ 18 ]. Improvements 
in all three of these dimensions are prerequisites 
for optimal clinical management and therapy 
selection; also, an imaging modality is needed as 
adequate follow-up after treatment. Moreover, 
promising new focal treatment modalities (e.g., 
high-intensity focused ultrasound ablation, cryo-
therapy, and laser ablation) require accurate 
detection, localization, and sampling of regions 
of aggressive prostate cancer [ 19 ]. Thus, a tech-
nique that noninvasively demonstrates the pres-
ence, extent, and aggressiveness of prostate 

cancer could make a substantial contribution to 
the decision-making process for individualized 
treatment. Magnetic resonance (MR) imaging 
enable the noninvasive evaluation of anatomic 
and biologic tumor features and, thus, may play 
an important role in the detection, localization, 
and staging of prostate cancer and help guide 
treatment selection and planning [ 20 – 22 ]. 

 MR imaging can provide functional tissue 
information along with anatomic information. To 
increase the accuracy, anatomic T2-weighted MR 
imaging and functional MR imaging techniques 
such as dynamic contrast agent-enhanced MR 
imaging, diffusion-weighted (DW) imaging, and 
MR spectroscopic imaging can be combined in 
an integrated multiparametric MR imaging 
examination. Dynamic contrast material- 
enhanced (DCE) MR imaging dynamically cap-
tures the distribution of intravenously 
administered gadolinium-based contrast agents 
between tissue and the blood pool, allowing char-
acterization of alterations in the microvascular 
environment resulting from tumor angiogenesis. 
Diffusion-weighted imaging interrogates the tis-
sue microstructure at the microscopic scale of 
water self-diffusion (Brownian motion). MR 
spectroscopy probes the concentration of bio-
chemical disease markers in tissues. All of these 
techniques benefi t from continuing improve-
ments in imaging unit hardware and software. 
Also, MR-compatible devices have been devel-
oped for diagnostic and therapeutic interventions 
and for minimally invasive procedures. These 
multiparametric MR techniques will contribute 
to prostate cancer diagnostics, although results 
for detection, localization, and local staging of 
prostate cancer vary greatly among the studies 
performed.  

8.2     Pathology 

 The most widely used grading scheme for pros-
tatic carcinoma is the Gleason system [ 7 ,  23 – 25 ], 
which is designed for application to all untreated 
prostatic glandular carcinomas, representing 
almost all prostatic tumor cases developing in 
adult males. 
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 The Gleason system is based entirely on the 
growth patterns of the architectural arrangement 
of the cancer cells, consolidated into fi ve classes; 
a score from 1 to 5 is assigned to these fi ve 
classes. The Gleason grade is generated by add-
ing two more common classes, or, if only one 
grade is in the tissue sample, that grade is multi-
plied by two to give the score: the result is that 
the Gleason score ranges from 2 to 10. A fi rst 
limit is that the Gleason grading system consid-
ers only two separate grade patterns, but the his-
tomorphological appearance of prostatic 
carcinoma is usually more heterogeneous than 
this [ 26 – 28 ]. Secondly, the prediction of patho-
logic stage by needle biopsy Gleason grade alone 
is possible but is not accurate: the Gleason grade 
in needle biopsy agrees with that in the matched 
whole prostate gland in only 43 % of cases and to 
within +/− 1 score unit in 77 % of cases [ 29 ]. 
Undergrading of a tumor in needle biopsy occurs 
in 42 % of all cases, while overgrading in needle 
biopsy occurs 15 % of all cases. Moreover, the 
Gleason grading system possesses an inherent 
degree of subjectivity [ 29 ,  30 ]. 

 Increasing Gleason grade is directly related to 
the pathological stage, including the tumor size, 
the risk of extraprostatic and lymphovascular 
extension, and metastasis. So    patients with 
lower- grade (Gleason score 2–6) carcinomas 
usually, but not always, have cancer limited 
inside the prostate, while patients with a high-
grade carcinoma component (Gleason score 
7–10) have cancer with a greater risk of extend-
ing outside the prostate. The    needle biopsy 
Gleason grade is combined with serum PSA and 
clinical stage to predict pathologic stage, most 
commonly using the “Partin tables” [ 31 ], a tool 
routinely used to determine the eligibility of dif-
ferent treatment plans, choosing between types 
of radiation therapy alone or administering hor-
monal therapy, radical prostatectomy, or watch-
ful waiting [ 32 ]. 

 The Gleason system identifi es three variants: 
ductal (the so-called endometrioid in the past), 
signet ring cell, and small cell carcinoma. The 
rare variations in histology did not receive spe-
cifi c designations, including mucinous and sarco-
matoid carcinomas, but this does not have 

practical implications; nonetheless, some  variants 
have specifi c clinical features and differential 
diagnoses. Squamous cell and urothelial (transi-
tional) cell carcinomas of the prostate should not 
be graded by the Gleason method.  

8.3     MR Anatomy 

 MR imaging depicts the zonal anatomy of the 
prostate with exquisite detail because of its high 
spatial resolution, superior contrast resolution, 
multiplanar capability, and large fi eld of view. 
The prostate is subdivided into the base, mid- 
gland, and apex from superior to inferior. 
Approximately 70 % of the prostate is composed 
of glandular tissue, and 30 % consists of nong-
landular tissue. 

 The major nonglandular elements are the 
prostatic urethra and the anterior fi bromuscular 
band. The glandular prostate consists of outer 
and inner components, which are differentiated 
by location, duct anatomy, and histologic charac-
teristics. Although the zones of the prostate gland 
were fi rst described in the 1960s, the terms were 
not commonly used in clinical practice until the 
1980s; for anatomic division of the prostate, the 
zonal compartment system developed by McNeal 
is widely accepted [ 33 – 36 ]. According to this 
system, glandular tissue is subdivided into  cen-
tral gland  (which refers collectively to the peri-
urethral, central, and transition zones) and 
 peripheral gland  (which includes only the 
peripheral zone) (Fig.  8.1 ). In clinical practice, 
other terms used frequently are those describing 
the anatomic division of the prostate into sex-
tants. The sextant description of the prostate 
refers to the systematic biopsy of the right and 
left base, mid-gland, and apex of the prostate 
gland.

   The peripheral zone envelops the posterior, 
lateral, and apical portions of the prostate and 
shows high signal intensity on T2-weighted MR 
images, constituting 70 % of the glandular tissue. 
The central zone is located superiorly, just poste-
rior to the proximal urethra, and constitutes 25 % 
of the glandular tissue. Just anterior and lateral to 
the proximal urethra is the transition zone, which 
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a b

c d

e f

  Fig. 8.1    ( a – f ) Normal prostate anatomy depicted with 
T2-weighted MR images; in coronal plane (TR: 2300; TE: 
116) ( a ); in axial plane (TR: 5130; TE: 108) at the level of 
the seminal vesicles ( b ), the mid-gland of the prostate ( c ) 
and the apex, and membranous urethra ( d ); in sagittal 

plane (TR: 3600; TE: 114), medially ( e ) and laterally ( f ). 
The letters ( a – f ) correspond to  b  urinary bladder,  c  central 
zone,  fs  anterior fi bromuscular stroma,  p  peripheral zone, 
 r  rectum,  s  symphysis pubis,  sv  seminal vesicles,  u  
urethra       
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constitutes 5 % of the glandular tissue. The 
 urethra and periurethral glandular tissue repre-
sents less than 1 % of the glandular prostate and 
are located anteriorly in the prostate gland and 
are best seen in the inferior region (i.e., the apex) 
of the prostate. On MR images, the central and 
transition zones have similar signal intensities 
and are best differentiated by their respective 
anatomic locations; however, the transitional 
zone is often inseparable from the central zone 
due to benign prostatic hypertrophy (BPH), the 
incidence of which increases with age; the two 
zones together are referred to as the central gland. 
The signal intensities in the central and transition 
zones are lower than those in the peripheral zone 
on T2-weighted images; often heterogeneous, 
with a mixture of hyperintense glandular tissue 
and hypointense hypertrophic fi brotic nodules; 
and show less contrast enhancement [ 37 – 39 ]. 
The zones are not only defi ned histologically; 
many prostatic diseases have a zonal distribution: 
benign prostatic hyperplasia usually involves the 
transition zone, whereas prostate cancer arises in 
glandular tissue. 

 The junction of the transition and peripheral 
zones is marked by a visible linear boundary, 
which is often referred to as the prostate pseudo-
capsule or surgical capsule. 

 The true prostate capsule is an outer band of 
fi bromuscular adherent tissue and appears as a 
thin layer of low-signal-intensity tissue surround-
ing the prostate on T2-weighted images. The cap-
sule is most apparent posteriorly and 
posterolaterally because it contrasts with the 
higher, more uniform signal intensity of the 
peripheral zone of the gland. This capsule is an 
important landmark in the assessment of extra-
prostatic extension (EPE) of the tumor. 

 The seminal vesicles (Fig.  8.1 ) are located 
posterosuperiorly to the prostate and secrete sem-
inal fl uid into the bilateral ductus deferentes, 
which become the ejaculatory ducts. These ducts 
traverse the prostate and join the urethra at the 
verumontanum. A seminal vesicle fi lled with 
seminal fl uid is typically T2 hyperintense. 

 Low-signal-intensity foci posterolateral to the 
capsule are indicative of neurovascular bundles, 
which course posterolateral to the prostate 

 capsule bilaterally at the 5- and 7-o’clock 
 positions. At the apex and base, the neurovascu-
lar bundles send penetrating branches through 
the capsule, providing a route for EPE. 

 In the most anterior part of the prostate, there 
is a region of nonglandular tissue known as the 
anterior fi bromuscular stroma, which has low 
signal intensity on T2-weighted images. 

 The proximal urethra is rarely identifi able 
unless a Foley catheter is present or a transure-
thral resection has been performed. The distal 
prostatic urethra can be seen as a low-signal- 
intensity ring in the lower prostate. The genito-
urinary diaphragm is clearly defi nable on MR 
images. It consists of two layers of fascia enclos-
ing deep transverse perineal muscle and the 
external sphincter of the urethra [ 40 ]. On MR 
images, the genitourinary diaphragm is seen as a 
fl at plate of fi bromuscular tissue suspended 
between the inferior pubic rami just below the 
symphysis pubis. The prostate is separated from 
the rectum posteriorly by the Denonvilliers fas-
cia, which attaches to the peritoneal lining above 
and the genitourinary diaphragm below. This fas-
cia restricts posterior extension of prostatic carci-
noma into the rectum.  

8.4     MR Imaging 

 As previously described, prostate cancer is most 
common in the peripheral zone (70 % of cases), 
followed by the transitional zone (25 %) and cen-
tral zone (5 %) [ 41 ]. 

 On T1-weighted MR images, the normal pros-
tate gland demonstrates homogeneous 
intermediate- to-low signal intensity. As with 
computed tomography (CT), T1-weighted MR 
imaging has insuffi cient soft tissue contrast reso-
lution for visualizing the intraprostatic anatomy 
or abnormality. Instead, the zonal anatomy of the 
prostate gland is best depicted on high-resolution 
T2-weighted images, of which the main applica-
tion is precisely in local staging of prostate can-
cer. On T2-weighted images, prostate cancer 
usually demonstrates low signal intensity in con-
trast to the high signal intensity of the normal 
peripheral zone (Figs.  8.2  and  8.3 ). Low  signal 
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intensity in the peripheral zone, however, is not 
specifi c for cancer. It can also be seen in  several 
benign conditions, such as hemorrhage, prostati-
tis, hyperplastic nodules, or posttreatment 
sequelae (e.g., as a result of irradiation or hor-
monal treatment). Furthermore, similar modifi ca-
tions can be formed as postbiopsy changes, as a 

result of hemorrhage: in general, MR  imaging is 
performed at least 6 weeks after prostate biopsy 
to allow any hemorrhage to resolve (Figs.  8.4  and 
 8.5 ). Localization of a tumor in the central gland 
can be challenging because of the inhomoge-
neous nature of a benign central gland (Figs.  8.6  
and  8.7 ). Important signs of a central gland tumor 

  Fig. 8.2    ( a – f ) 59 years old, PSA 6.7 ng/ml, Gleason 7 
(3 + 4). On    axial T2-weighted (TR: 5130; TE: 108) ( a ) and 
T1-weighted (TR: 550; TE: 9.3) ( b ) sequences, the central 
zone of the prostate appears increased in volume, with 
inhomogeneous appearance, due to adenomatous hyper-
plasia (estimated volume of 53 ml, weight of all surgical 
specimen is 64 g). Axial T2-weighted (TR: 3600; TE: 
116) sequence acquired with a narrower fov (Field Of 
View) and thinner layer for study of the prostate ( c ), at    a 
lower level than in  a , and a coronal T2-weighted (TR: 
2300; TE: 116) sequence ( d ) allowed to document the 

presence of a small (diameter 6 mm) nodule ( arrows ), 
hypointense, in the periphery of the left lobe. On the ADC 
sequence ( e ), the nodule ( arrows ) appears hypointense 
while on the post-contrastographic phase sequence ( f ) 
appears hypervascularized ( arrows ). This lesion did not 
cause breaks in the prostatic capsule; no infi ltration of the 
vascular nervous bundle and seminal vesicles is docu-
mented. No nodule in the right lobe. Pathologic analysis 
of the surgical specimen yielded neoplasm occupying 5 % 
of the prostate volume, with extension to both lobes, more 
to the left         

a b

c d
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include homogeneous T2  hypointensity, 
 disruption of the low-signal-intensity rim of a 
BPH nodule, and mass effect [ 42 ].

        Sensitivity and especially specifi city of 
T2-weighted MR imaging of prostate cancer 
localization vary, ranging from 54 to 91 % and 27 
to 91 % [ 43 – 46 ]. Variation of results in these pro-
spective studies might be partially explained by 
the fact that image analysis was based on differ-
ent numbers of regions of interest, different cut-
off points for a positive result, and inclusion or 
exclusion of prostate cancer localization in the 
transition zone. Moreover, results vary as the cor-
relation of MR imaging fi ndings with prostatec-
tomy fi ndings is diffi cult owing to different 
angles and section intervals of MR sections and 
prostatectomy slices and to deformation and 
shrinkage during histopathologic processing of 
the prostate specimens. 

 Therefore, fi ndings on T2-weighted anatomic 
MR images are often nonspecifi c. The addition of 
functional MR imaging techniques to anatomic 
MR imaging has improved prostate tumor local-
ization, particularly by improving the specifi city 
[ 45 ,  47 – 50 ]. These functional MR imaging 
modalities include diffusion-weighted imaging, 
DCE imaging, and MR spectroscopy. The diag-
nostic accuracy of multiparametric MR imaging 

can vary depending on the image acquisition 
technique and diagnostic criteria used. In gen-
eral, however, the more functional and anatomic 
MR imaging techniques are combined, the better 
the performance of MR imaging in tumor 
detection. 

8.4.1     Diffusion-Weighted Imaging 

 Diffusion is Brownian motion of free water mol-
ecules at the cellular level. Diffusion-weighted 
imaging can add valuable information about a tis-
sue at the cellular level to the information from 
conventional T1-weighted and T2-weighted 
imaging [ 51 ]. Because diffusion-weighted imag-
ing measures the Brownian motion of water mol-
ecules, it provides important information about 
the functional environment of water in tissue and 
refl ects the cellular status of normal and patho-
logic tissue. Furthermore, diffusion-weighted 
imaging is sensitive to changes in the microdiffu-
sion of water within the intracellular space and 
extracellular space and cytotoxic edema due to 
alterations in the adenosine triphosphate- 
dependent sodium–potassium pumps. Diffusion 
can be quantitated in terms of the ADC on 
diffusion- weighted MR images. The ADC 

e f

Fig. 8.2 (continued)
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  Fig. 8.3    ( a – f ) 74 years old, PSA 8.2 ng/ml, Gleason 9 
(4 + 5). Axial (TR: 4074; TE: 100) ( a ), sagittal (TR: 4006; 
TE: 100) ( b ), and coronal (TR: 4013; TE: 100) ( c ) 
T2-weighted sequences show a hypointense nodule 
( arrows ), with major axis of 18 mm, at the middle third, 
posteriorly and medially, involving both lobes. On ADC 
sequence ( d ), the nodule ( arrow ) appears hypointense, 
while on post-contrastographic phase ( e ) and subtractive 

perfusion image ( f ) the nodule ( arrows ) appears hypervas-
cularized (not shown pre-contrastographic phase, in 
which the nodule is isointense). This lesion did not extend 
to the vascular nervous bundles and seminal vesicles, in 
relation to the medial position, and did not break the pros-
tatic capsule. After prostatectomy, tumor is documented 
occupying both lobes, with infi ltration of the prostatic 
capsule, but without extracapsular extension       
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  Fig. 8.4    ( a – f ) 64 years old, recently underwent prostate 
biopsy. Axial (TR: 4074; TE: 100) ( a ) and coronal (TR: 
4013; TE: 100) ( b ) T2-weighted sequences show hypoin-
tense area in the peripheral zone of the right lobe ( arrows ), 
more appreciable when compared to the physiologic hyper-
intensity in the left lobe ( dashed arrow ). On ADC sequence 
( c ), the nodule ( arrow ) appears hypointense while on axial 
T1-weighted (TR: 8,9; TE: 4,3) sequence ( d ) is more hypoin-
tense than the remaining peripheral zone ( long arrow ) that 

appears diffusely hyperintense, as a consequence of recent 
biopsy: if a patient underwent biopsy, the MR exam should 
be performed at a distance of at least 2 months. On post-
contrastographic phase sequence ( e ), eventual hypervascu-
larized nodules are masked by diffuse hyperintensity. 
However, on subtractive perfusion image ( f ), the hypointense 
area on ADC and T2-weighted sequences is more easily rec-
ognizable as hypervascularized ( arrow ). The patient under-
went prostatectomy that confi rmed the presence of a tumor       
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  Fig. 8.5    ( a – f ) 68 years old, PSA 5.6 ng/ml, Gleason 6 
(3 + 3), recently underwent prostate biopsy. On axial post- 
contrastographic (TR: 8.9; TE: 4.3) sequence ( a ), hyper-
intensity is appreciable in the entire peripheral zone of the 
prostate ( arrows ), extending to both lobes, especially to 
the left. However, this is not due to the presence of a dif-
fuse lesion. In fact, on pre-contrastographic phase ( b ), the 
peripheral zone appears already diffusely hyperintense 
( arrows ); this is evident also in the corresponding ( c ) T1 
TSE (TR: 550; TE: 10). This hyperintensity in T-1 

sequences is secondary to paramagnetic phenomenon due 
to the presence of methemoglobin (recent biopsy). On 
coronal T2-weighted (TR: 4013; TE: 100) sequence ( d ), 
appreciable is a hypointense area at the middle third that 
corresponds on ADC sequence ( e ) to a hypointense area 
( arrows ). Also on dynamic sequence ( a ), a hypervascular-
ized lesion is recognizable ( long arrow ), not correspond-
ing to a hyperintense area in basal image: using subtractive 
perfusion image ( f ), the lesion is more easily appreciable 
( long arrow )       

 

U. Alfonsi et al.



193

a b

c d

e f

  Fig. 8.6    ( a – f ) 58 years old, PSA 6 ng/ml, Gleason 6 (3 + 3). 
( a ,  c ,  e ) axial sections at the lower third. ( b ,  d ,  f ) axial sec-
tions at the middle third. ( a ,  b ) T2-weighted images; ( c , 
 d ) ADC images; ( e ,  f ) post-contrastographic phase images. 
Central zone of the prostate ( short arrows ); peripheral zone 
of the prostate ( long arrows ); abnormal fi nding ( arrow-
heads ). ( a ,  c ,  e ) T2-weighted (TR: 3600; TE: 116) ( a ) and 
ADC ( c ) sequences show increased volume of the central 
zone of the prostate (estimated volume of 35 ml), with 
inhomogeneous hypointense appearance; the peripheral 
zone of the prostate appears homogeneous hyperintense. 
Both T2-weighted and ADC sequence prove no abnormal 

fi nding. On post-contrastographic phase (TR: 12; TE: 5.8) 
sequence ( e ), inhomogeneous enhancement of the cen-
tral zone (normal fi nding); homogeneous hypovascular-
ized enhancement of the peripheral zone (normal fi nding) 
except for a focal hypervascularized area in the right lobe 
( arrowhead ), not confi rmed on T2 and ADC: these charac-
teristics are ascribable to infl ammation. ( b ,  d ,  f ) the  arrow-
heads  point to a hypervascularized area ( f ) of 13 mm in the 
left lobe; however, unlike in  e , this area is hypointense in 
T2-weighted ( b ) and ADC ( d ) sequence; therefore, in this 
case the lesion is a neoplastic lesion. The patient underwent 
prostatectomy that confi rmed the diagnosis       
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  Fig. 8.7    ( a – f ) 56 years old, PSA 9.2 ng/ml, Gleason 6 
(3 + 3). On axial T2-weighted (TR: 4074; TE: 100) sequence 
( a ), the transition zone appears inhomogeneous because of 
the presence of two large hypointense nodules ( arrows ). On 
ADC sequence ( b ), the right nodule is clearly recognizable, 
appearing hypointense ( arrow ), while is quite vascularized 
on post-contrastographic phase ( c ), bounded by a hypoin-
tense edge ( arrowheads ). The left nodule is better appre-
ciable at a lower axial plane (not shown) and on sagittal 

( d ) T2-weighted (TR: 4006; TE: 100) sequence ( arrow ). 
Nevertheless   , although these signal features in the periph-
eral zone are suspected for cancer, in the central gland these 
are the consequences of adenomatous hyperplasia. 
However, a neoplastic lesion is recognizable in the periph-
eral zone of the left lobe, at the middle third, posteriorly 
( dashed arrows  in  a – d ): on axial T2-weighted and ADC 
sequences (respectively in  e  and  f ), just lower than in  a – c , 
the lesion is well visible ( dashed arrows )       
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 quantifi es the combined effects of both diffusion 
and capillary perfusion. A decreased ADC is 
interpreted as reduced motion of water molecules 
or diffusion, whereas in tissue with an increased 
ADC there is less restriction of water molecule 
motion. In prostate tumors, as in other solid 
tumors, the motion of water molecules is 
restricted because of their increased cellular den-
sity, with reduction of the extracellular space and 
restriction of the motion of a larger portion of 
water molecules to the intracellular space, result-
ing in decreased ADC. Therefore, diffusion- 
weighted imaging and ADC provide powerful 
indicators for characterization of prostate tissue, 
particularly in differentiation between benign 
and malignant lesions [ 52 ]. 

 To optimize the ability of diffusion-weighted 
imaging to allow characterization of the diffusion 
properties of a tissue, imaging parameters should 
be optimized according to the imaging unit and 
magnetic fi eld strength used. Selection of the cor-
rect b value is particularly important for prostate 
tissue with a prolonged T2 relaxation time. The b 
value specifi es the sensitivity of diffusion. Use of 
high b values increases diffusion sensitivity by 
diminishing the hyperintensity of tissues with 
long T2 relaxation times (thus avoiding T2 shine- 
through). In general, a high b value (>700 s/mm 2  
at 1.5 T and >1,000 s/mm 2  at 3 T) is recom-
mended for prostate diffusion-weighted imaging, 
and a postprocessed ADC map is absolutely nec-
essary for identifying and evaluating prostate 
tumors both objectively and subjectively. The 
higher the b value, the lower the signal-to-noise 
ratio; thus, an incremental increase in the number 
of excitations is required for optimization of 
image quality. Although studies have shown sig-
nifi cant differences between cancerous and nor-
mal prostatic tissue in ADC [ 52 ,  53 ], this should 
be interpreted carefully in clinical patient care 
due to the current technical variability and lack of 
consensus. The advantages of diffusion-weighted 
imaging are a relatively short acquisition time 
and high contrast resolution between tumors and 
normal tissue. In general, regional ADC map val-
ues differ depending on location and tissue com-
position. Malignant lesions have lower ADC 
values (about 20–40 %) than benign or normal 
prostatic tissue; also, there are regional variations 

in the normal tissue values for different zones of 
the prostate (Fig.  8.8 ). Some authors have strati-
fi ed ADC values into benign and malignant and 
demonstrated that diffusion-weighted imaging 
and ADC mapping can increase the sensitivity of 
MR imaging in detection of prostate cancer when 
diffusion-weighted imaging is used in conjunc-
tion with T2-weighted imaging [ 45 ] (Fig.  8.9 ); in 
particular, the addition of DWI imaging to 
T2-weighted MR imaging signifi cantly improved 
sensitivity to 81 % (sensitivity for T2-weighted 
MR imaging alone, 54 %), whereas specifi city 
was slightly lower for T2-weighted MR imaging 
combined with DWI (84 %) than for T2-weighted 
MR imaging alone (91 %). Also, in other 
 prospective studies [ 54 ,  55 ], the addition of DW 
imaging to T2-weighted MR imaging improved 
prostate cancer localization performance. 
However, in a recent retrospective 3-T study in 
51 patients, with prostatectomy specimens as 
 reference standard [ 56 ], DW imaging did not 
add value to T2-weighted MR imaging for pros-
tate cancer localization. Preliminary results sug-
gest that diffusion-weighted imaging has the 
potential to support prediction of tumor aggres-
siveness [ 57 ].

    The location of prostate cancer affects the sen-
sitivity of diffusion-weighted imaging. 
Noncancerous peripheral zone tissue has been 
found to have higher average ADC (less overlap 
with cancerous tissue) than the transition zone 
and prostate base. Overlap limits the ability to 
differentiate prostate cancer from noncancerous 
tissue [ 58 ]. The high prevalence of BPH in 
elderly men signifi cantly contributes to this dif-
fi culty. The stromal form of BPH in particular 
exhibits lower ADC and low T2 signal intensity, 
mimicking prostate cancer, whereas glandular 
BPH and prostatic intraepithelial neoplasia can 
be more readily distinguished because of their 
higher average ADC and higher T2 signal inten-
sity [ 59 ] (Figs.  8.7  and  8.10 ). A higher Gleason 
score has repeatedly been shown to be associated 
with decreased ADC, likely due to the dediffer-
entiated infi ltrative growth of these tumors, as 
opposed to the glandular organization of a more 
well-differentiated prostate cancer, which more 
closely resembles normal prostatic tissue [ 60 ,  61 ] 
(Fig.  8.11 ).
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  Fig. 8.8    ( a – f ) 58 years old, PSA 6.7 ng/ml, Gleason 7 
(3 + 4). ( a ,  c ,  e ) axial sections at the lower third; on  a , the 
symphysis pubis can be identifi ed ( arrowhead  in  a ). ( b ,  d , 
 f ) axial sections at the middle third, just above the sym-
physis pubis, that are not identifi able ( arrowhead  in  b ). ( a , 
 b ) T2-weighted images (TR: 3600; TE: 100); ( c ,  d ) ADC 
images; ( e ,  f ) post-contrastographic images (TR: 12; TE: 
5,8). On T2-weighted sequence at the lower third ( a ), a 
hypointense area ( arrow ) can be documented at the right 
lobe of the prostate, with extension to the left lobe (the 
 dashed line  represents the limit of the two lobe). On ADC 

sequence ( c ), the same nodule appears hypointense while 
on post-contrastographic sequence ( e ) appears hypervas-
cularized. On all three sequences, the lesion is clearly vis-
ible and has different signal features than the contralateral 
healthy lobe ( dashed arrows ). At the middle third, an area 
with the same signal features but confi ned in the right lobe 
( dashed line ). Patient underwent prostatectomy that con-
fi rmed a tumor occupying 50 % of the prostate volume, 
with extension to both lobes, more to the right, without 
break in the prostatic capsule or infi ltration of the vascular 
nervous bundles and seminal vesicles         
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Fig. 8.8 (continued)

    The principal pitfall of diffusion-weighted 
imaging includes a potential for false-positive fi nd-
ings of tumor related to postbiopsy hemorrhage: it 
has been reported that postbiopsy  hemorrhage 
 lowers the ADC of benign peripheral zone tissue 
and therefore limits the usefulness of diffusion-
weighted imaging in this setting [ 60 ]. However, 
more recent data demonstrated  excellent ability of 
the ADC in differentiation of prostate cancer from 
hemorrhage in the peripheral zone, and it was sug-
gested that delayed imaging after biopsy may not 
be necessary [ 61 ] (Figs.  8.4  and  8.5 ). 

 The shortcomings include susceptibility- 
induced distortions, which are caused by sus-
ceptibility effects from an air-filled rectum or 
endorectal coil balloon, bone–tissue inter-
faces, poor local magnetic field homogeneity, 
and chemical shift artifacts caused by peri-
prostatic fat.  

8.4.2     DCE MR Imaging 

 Dynamic contrast-enhanced MR imaging was 
developed to help achieve a higher accuracy in 
prostate cancer localization and staging than that 
obtained with conventional T2-weighted MR 
imaging. DCE MR imaging is an advanced, fast, 
dynamic imaging technique (e.g., temporal reso-
lution <5–10 s) that allows derivation of param-
eters that are closely related to microvascular 
properties and angiogenesis in tissues. As a 
response to the tumor hypoxia, there is a strong 
expression of angiogenesis-inducing factors, 
such as vascular endothelial growth factor and 
fi broblast growth factor receptor in their endothe-
lial cells [ 62 ], with budding of new blood vessels 
from existing blood vessels (angiogenesis) or de 
novo formation of blood vessels ( vasculogenesis). 
Tumor neovessels    are in general more permeable 
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  Fig. 8.9    ( a – f ) 68 years old, undergone TURP 3 years ago 
for BPH (PSA: 4–5 ng/ml; free-to-total ratio: 18 %); in the 
next years, the PSA values increased and free-to-total 
PSA ratio dropped (last values: respectively, 11–2 ng/ml; 
7 %); these values are suspected for neoplastic lesion. The 
patient underwent prostate biopsy that revealed a prostatic 
cancer (Gleason 3 + 3). On sagittal T2-weighted sequence 
(TR: 3600; TE: 114) ( a ), the prostate ( short arrow ) 
appears regularly hyperintense, with the exception of a 
hypointense lesion anteriorly ( long arrow ); appreciable in 
this plane is a large bladder neck ( arrowheads ), conse-
quence of a previous resection of the median lobe, just 
below the bladder ( dashed arrow ). Axial T2-weighted 
(TR: 3600; TE: 116) sequence ( b ) shows the hypointense 
lesion ( long arrow ), anteriorly, just to the right of the mid-
line, while the remaining prostate is hyperintense ( short 
arrow ); within the prostate, the bladder neck is 

 homogeneous and markedly hyperintense ( arrowhead ). 
At the same plane in  b , ADC sequence ( c ) shows the 
hypointense lesion ( long arrows ) and the urine in the 
bladder neck, markedly hyperintense ( arrowhead ). On 
post- contrastographic phase ( d ), the lesion appears hyper-
vascularized ( long arrows ) while the prostate is less vas-
cularized ( dashed arrows ); however, some 
hypervascularized areas are recognizable ( short arrows ), 
not signifi cantly hypointense on T2-weighted and ADC 
sequence, therefore to refer to infl ammation. Urine is reg-
ularly markedly hypointense ( arrowhead ). On axial land-
mark CT image ( e ) and choline PET–CT scan ( f ), a 
hypermetabolic lesion is clearly visible. Patient under-
went prostatectomy that confi rmed presence of tumor 
occupying 50 % of the prostate volume, with extension to 
both lobes (Gleason 4 + 3)       
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  Fig. 8.10    ( a – f ) 72 years old, previous diagnosis of pros-
tate cancer 8 years ago, treated with hormonotherapy and 
radiotherapy. Recent PSA 1.4 ng/ml. On axial T2-weighted 
(TR: 5130; TE: 108) ( a ) and T1-weighted (TR: 550; TE: 
9.3) ( b ) sequences, the prostate ( arrows ) appears to have a 
regular volume (estimated volume of 14 ml, surgical spec-
imen weight 27 g), inhomogeneous, and diffusely hypoin-
tense on T2-weighted sequence (consequence of both 
hormonotherapy and radiotherapy). On axial post- 
contrastographic sequence ( c ), a hypervascularized lesion 
of 9 mm ( dashed arrow ) can be observed in the right lobe, 
at the middle third, in the posterior zone; on ADC 
sequence ( d ), lesion is hypointense ( dashed arrow ). In the 

central zone, in the post-contrastographic sequence ( c ), a 
hypervascularized area is identifi ed, not confi rmed in 
ADC sequence ( d ) ( arrowheads  both in  c  and  d ); the pres-
ence of hypervascularized areas is frequent in the central 
zone, but it is not suggestive of neoplastic lesions. On 
axial T2-weighted sequence ( e ), at a lower plane than in 
 a – d , the vascular nervous bundles can be identifi ed as 
areas of low signal ( dashed arrows ), while on post-con-
trastographic sequence ( f ) the right is surrounded by 
hypervascularized tissue (sign of infi ltration). After pros-
tatectomy, histopathological examination confi rmed pres-
ence of tumor occupying 50 % of the prostate volume, 
with extension to both lobes       
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  Fig. 8.11    ( a – f ) 70 years old, Gleason 6 (3 + 3). ( a – c ) 
Axial T2-weighted (TR: 4074; TR: 100) MR images, 
obtained at the middle third ( a ) and at the upper third ( b , 
 c ), show a low-signal-intensity tumor which infi ltrates 
both seminal vesicles ( arrows  in  a ), breaks capsule 
( arrows  in  b ), with extension and envelopment of the right 
neurovascular bundle ( dashed arrows ), and asymmetry of 
the two neurovascular bundles. On ADC sequence ( d ), at 

the same level in ( b ), the prostate appears diffusely 
hypointense. On sagittal T2-weighted (TR: 4006; TE: 
100) sequence ( e ), the fat plane between the seminal vesi-
cle and the posterior urinary bladder is obliterated ( arrow ) 
in relation to local extension; conversely, in another 
patient ( f ), although the seminal vesicles are involved 
( arrowhead ), the fat plane ( arrow    ) is maintained       
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than normal vessels, more heterogeneous in size 
and branching pattern, and more disorganized, 
making prostate tumors highly vascular and man-
ifesting early hyperenhancement (higher and ear-
lier peak enhancement than in normal tissue) and 
rapid washout of contrast material from the 
tumor, in comparison with normal prostate tissue. 
Microvascular alterations and neovascularity are 
in general most severe in prostate cancer, in com-
parison with other processes in the prostate such 
as BPH or prostatic intraepithelial neoplasia [ 63 ]. 

 Numerous contrast enhancement parameters 
can be used to differentiate cancerous from 
benign tissue, including onset time, time to peak 
enhancement, peak enhancement, relative peak 
enhancement, and washout time; results of 
numerous studies suggest that the peak enhance-
ment of cancer relative to that of surrounding 
benign tissue is the most accurate parameter for 
cancer localization [ 64 ] (Fig.  8.12 ). Typically, 
prostate cancer appears as an early and rapidly 
enhancing lesion with fast washout of contrast 
material in comparison with that of normal pros-
tate tissue. The presence of rapid washout is 
highly indicative of prostate cancer [ 65 ], even in 
the absence of low T2 signal intensity. On 
contrast- enhanced MR images, the peripheral 
zone enhances more than the transition or central 
zone. In prostate cancer, onset time and time to 
peak enhancement are lower and peak enhance-
ment is higher than in high-grade prostatic 
intraepithelial neoplasia and chronic infl amma-
tion, and abnormalities are more distinct in high- 
grade prostate cancer [ 66 ]. All DCE MR imaging 
parameters can be converted into pseudocolor 
parametric maps and overlaid on the anatomic 
T1- and T2-weighted images for interpretation. 
The contrast resolution is similar to that seen on 
T2-weighted images.

   Results of studies indicated that dynamic 
contrast- enhanced MR imaging can help improve 
the accuracy of prostate cancer staging. 
Localization accuracy with dynamic contrast- 
enhanced MR imaging increased to 72–91 %, as 
compared with 69–72 % for anatomic 
T2-weighted MR imaging only [ 49 ,  67 – 69 ]. 
DCE MR imaging in combination with MR spec-
troscopy allows detection of prostate cancer in 
46 % of patients with prior negative transrectal 

US-guided biopsy results and a persistently 
 elevated PSA level (4–10 ng/mL) versus a pros-
tate cancer detection rate of 24 % with repeat 
transrectal US-guided biopsy in these patients 
[ 66 ] (Fig.  8.13 ). Although much progress has 
been made, challenges for DCE MR imaging 
remain. Benign prostate tissue (e.g., some BPH 
nodules) is also highly vascular, limiting the 
overall accuracy of DCE MR imaging in tumor 
detection, in particular the differentiation of pros-
tatitis from cancer in the peripheral zone and 
BPH from transition zone tumors [ 63 ].

   Prostatic intraepithelial neoplasia and well- 
differentiated prostate cancer demonstrate less 
neovascularity and permeability changes than 
higher-grade prostate cancer, therefore represent-
ing a source of false-negative results at DCE MR 
imaging. Differentiation of chronic prostatitis 
from low-grade prostate cancer may not be pos-
sible, while differences were found in DCE MR 
imaging parameters between high-grade prostate 
cancer and chronic prostatitis [ 70 ]. In addition, 
low tumor volumes and infi ltrative prostate can-
cer are affected by partial volume effects and are 
more diffi cult to detect. However, continuous 
evolution of rapid imaging techniques has 
allowed well-designed DCE MR imaging to 
improve the accuracy of intraprostatic detection 
of prostate cancer [ 47 – 49 ]. 

 Criteria for extracapsular extension or seminal 
vesicle invasion at DCE MR imaging include 
abnormally high or asymmetric peak enhance-
ment, contrast agent washout, and short onset 
time and time to peak enhancement. In the case 
of extracapsular extension, these fi ndings are 
detected near the neurovascular bundle or recto-
prostatic angle, broadly abutting the capsule, or 
in an extracapsular location. In seminal vesicle 
invasion, these abnormalities are found in the 
lumen of the ejaculatory ducts or in the seminal 
vesicles themselves and are associated with wall 
thickening of the ejaculatory ducts (Fig.  8.14 ). 
DCE MR imaging can improve the staging accu-
racy of less-experienced readers for detection of 
capsular penetration and seminal vesicle invasion 
and can allow detection of cancers that are not 
apparent on T2-weighted images. In addition, in 
multifocal cancers, DCE MR imaging may 
 demonstrate additional foci of higher stage than 
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  Fig. 8.12    ( a – e ) 68 years old, Gleason 7 (3 + 4). On axial 
T2-weighted (TR: 4074; TE: 100) sequence ( a ), a small 
hypointense nodule ( arrow ) is appreciable in the right 
peripheral zone, posteriorly. On ADC sequence ( b ), the 
lesion ( arrow ) appears hypointense while on post- 
contrastographic phase (TR: 8.9; TE: 4.4) ( c ) hypervascu-
larized. Although these features allow to diagnose a 

neoplastic lesion, the exam was completed with a color map 
from DCE and MR spectroscopy. The color map from DCE 
MR imaging ( d ) shows that the area of highest permeability 
is the suspicious lesion ( arrow ), while an MR spectrum ( e ) 
obtained in the abnormal area shows an elevated ratio (in 
arbitrary units) of choline ( Ch ) and creatine ( Cr ) to citrate 
( Ci ) .  Both fi ndings are indicative of prostate cancer       
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     Fig. 8.13    ( a – f ) 74 years old, underwent randomized prostate 
biopsy both 2 years ago and 3 months ago because of increas-
ing PSA (last value 15.6 ng/ml). Axial T1-weighted (TR: 
550; TE: 9.3) sequence ( a ) shows a prostate ( long arrow ), 
homogeneously and regularly hypointense, with increased 
volume (estimated 89 ml). In this plane the rectum ( short 
arrow ) and symphysis pubis ( arrowhead ) can be recog-
nized. On    axial T2-weighted (TR: 3600; TE: 116) sequence 
( b ), acquired just below  a , the prostate ( continued arrow ) 
appears homogeneously hyperintense with the exception of 
an hypointense nodule, 10 mm long, at level of the anterior 
apex, mostly included in the left lobe ( dashed arrows ); on 

coronal (TR: 2300; TE: 116) ( c ) and sagittal (TR: 3600; TE: 
114) ( d ) T2-weighted sequences, its position anteriorly in the 
apex is better appreciable ( dashed arrows ); in  d , the rectum 
( short arrow ), the symphysis pubis ( arrowhead ), and the 
bladder is recognizable ( long arrow ). On ADC sequence ( e ), 
the hypointense area on the T2-weighted sequences corre-
sponds to two markedly hypointense contiguous nodules, but 
divided ( arrowheads ). On post-contrastographic sequence 
( f ), the area appears hypervascularized. The identifi ed lesion 
underwent targeted biopsy that revealed a prostatic cancer. 
This case shows the diffi culty to detect cancer during ran-
domized biopsy, if localized in the apex       
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  Fig. 8.14    ( a – f ) 72 years old, PSA 12.8 ng/ml, Gleason 9 
(4 + 5). Axial T2-weighted (TR: 4074; TE: 100) sequence ( a ) 
shows a nodule, hypointense ( arrow ), in the posterior left 
lobe, at the upper third; at this level, the prostatic capsule 
appears diffuse thickening ( dashed arrow ). On the same 
sequence than in  a , just at a upper plane ( b ), the anterior bor-
der ( arrow ) of the left seminal vesicle ( long arrow ) is not 
clearly defi nable because of an hypointense nodule ( arrow-
heads ) extending from the prostate: this is a sign of infi ltration 
of the seminal vesicle. The right vesicle ( dashed arrow ) 
appears regularly hyperintense; however its medial border is 
close near the nodule. Coronal (TR: 4013; TE: 100) ( c ) and 

sagittal (TR 4006; TE: 100) ( d ) T2-weighted sequences show 
the nodule ( arrow ) with diffuse hypointensity of the left vesi-
cle ( dashed arrow ). On ADC sequence ( e ), the nodule ( arrow ) 
and the infi ltrated part of the seminal vesicle ( dashed arrow ) 
appear hypointense while on post-contrastographic phase 
sequence ( f ) hypervascularized;  dashed lines  show the border 
between the prostatic capsule and seminal vesicle, while the 
 long arrow  shows the right vesicle, hyperintense on ADC 
sequence, in relation to the physiological high level of water. 
Analysis of surgical specimen documented the presence of a 
tumor occupying both lobes, with involvement of the prostatic 
capsule and extension to both seminal vesicles       
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the known lesions, leading to adequate upstaging 
of tumors [ 71 ].

8.4.3        MR Spectroscopy 

 Because MR spectroscopy provides metabolic 
information about prostatic tissue by displaying 
the relative concentrations of chemical com-
pounds within contiguous small volumes of 
interest (voxels), it is increasingly being used as a 
biomarker for detection of cancers, including 
prostate cancer [ 72 ]. MR spectroscopy is also 
known as chemical shift imaging. Chemical shift 
is the physical phenomenon in which the electron 
cloud surrounding the imaged nucleus (in pros-
tate MR spectroscopy, hydrogen nuclei = protons) 
shields the nucleus partially from the external 
fi eld and is highly dependent on the chemical 
environment (chemical bond, adjacent mole-
cules, or atoms) and the molecule the proton is 
located in. Some chemical compounds have sim-
ple spectra (a singlet or single spectral peak) 
while others possess highly coupled spectra with 
multiple spectral main peaks, each of which may 
be composed of multiplets (doublet, triplet, etc.). 
The analyzed metabolites are choline, citrate, 
creatine, and polyamine. 

 Choline is represented by its distinct methyl 
proton resonance, which forms a composite peak 
of phospholipid cell membrane components 
(e.g., phosphocholine, glycerophosphocholine, 
and free choline) at 3.2 ppm. Owing to elevated 
cell membrane turnover (phospholipid synthesis 
and degradation) and increased cell surface com-
pared with cell volume in cellular tumors, the 
choline level is elevated in the proliferating 
malignant tissue. Increased choline signal or con-
centration is considered the spectroscopic hall-
mark of cancer [ 73 ]; however, it has also been 
found in benign conditions of the prostate such as 
prostatitis [ 74 ]. 

 Citrate is a normal secretion of the healthy 
prostatic glandular epithelium, and normal pros-
tate tissue contains high levels of citrate (higher 
in the peripheral zone than in the central and tran-
sition zones) [ 75 ]; glandular hyperplastic nod-
ules, however, can demonstrate citrate levels as 
high as those observed in the peripheral zone. 
The normal prostate has an MR spectrum with a 

prominent citrate peak at 2.6 ppm, which is 
 usually seen as a doublet with occasional 
 visualization of small additional side peaks. In 
the presence of prostate cancer, the citrate level is 
diminished or undetectable because of a conver-
sion from citrate-producing to citrate-oxidating 
metabolism, but reduced levels can be found also 
in prostatitis and hemorrhage. 

 Creatine resonates at 3.0 ppm and is related to 
energy metabolism. Normal prostatic tissue con-
tains high polyamine levels, of which spermine is 
a predominant component. Polyamines are repre-
sented by a relatively broad spectral peak between 
creatine and choline (3.1 ppm) that shows signifi -
cant overlap with creatine and choline. Polyamine 
levels are reduced in prostate cancer because of 
higher metabolism. 

 Lipids cause signal in a broad range at the 
lower end of the citrate peak (typically 1.3 ppm). 
Adequate placement of saturation bands around 
the prostate is important to avoid contamination 
of the spectra by inclusion of extraprostatic fat, 
which causes large lipid signals. 

 Typically, the method for depicting tumors is 
based on an increased choline/citrate ratio. 
Because the creatine peak is very close to the 
choline peak in the spectral trace, the two may be 
inseparable; therefore, for practical purposes, the 
(choline + creatine)/citrate ratio is used as a bio-
marker in prostate tumor detection. An increase 
in the choline-to-citrate ratio or the (choline + cre-
atine)/citrate ratio is often used as a marker of 
malignancy in prostate cancer and increases the 
specifi city of diagnosis; however, it is most reli-
able in the peripheral zone (Figs.  8.12  and  8.15 ).

   There is no consensus about spectral interpre-
tation. The classifi cation system described by 
Kurhanewicz et al. [ 76 ] is often used. In that sys-
tem, a voxel is classifi ed as normal, suspicious for 
cancer, or very suspicious for cancer. Furthermore, 
a voxel may contain nondiagnostic levels of 
metabolites or artifacts that obscure the metabo-
lite frequency range. Voxels are considered suspi-
cious for cancer if the ratio of choline and creatine 
to citrate is at least 2 standard deviations (SDs) 
higher than the average ratio for the normal 
peripheral zone. Voxels are considered very suspi-
cious for cancer if the ratio of choline and creatine 
to citrate is higher than 3 SDs above the average 
ratio [ 77 ]. Voxels considered  nondiagnostic 
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  Fig. 8.15    ( a – f ) Axial T2-weighted (TR: 4074; TE: 100) 
MR image ( a ) shows a low-signal-intensity lesion in the 
left lobe of the prostate ( arrow ), which appears hypervas-
cularized on post-contrastographic phase ( arrow  in  b ). 
MR spectroscopic images ( c ,  d ) demonstrate the areas 
respectively rich in choline ( c ) and citrate ( d ): the zone 

with suspected nodule is rich in choline and poor in 
citrate. MR spectrum ( f ) at the level of the lesion ( yellow 
square  in  e ) shows high ratios (in arbitrary units) of cho-
line  (Ch)  and creatine  (Cr)  to citrate  (Ci).  The fi ndings are 
indicative of cancer, which was confi rmed with targeted 
biopsy       
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 contain no metabolites with  signal-to- noise ratios 
greater than 5. In voxels in which only one metab-
olite is detectable, the other metabolites are 
assigned a value equivalent to the SD of noise. 

 Although MR spectroscopy shows promise as 
a problem-solving modality with high specifi city, 
it is limited by low sensitivity. Partial volume 
effects may obscure the presence of prostate can-
cer, especially small or infi ltrative lesions, which 
are obscured by strong signals from glandular 
BPH or surrounding normal tissue present in the 
MR spectroscopic voxels. By shifting the MR 
spectroscopic voxels to a position centered on the 
area of suspected abnormality, a voxel containing 
the highest possible partition of abnormal tissue 
can be generated; with this method, some of the 
lost information can occasionally be recovered. 

 The combined use of MR imaging and MR 
spectroscopy improves detection of tumors 
within the peripheral zone [ 44 ,  77 ,  78 ]; it has also 
been shown to increase the specifi city in the 
localization of prostate cancer in the peripheral 
zone. MR spectroscopic imaging has shown 
higher specifi city (68–99 %) and lower sensitiv-
ity (25–80 %) for prostate cancer localization, 
when compared with anatomic T2-weighted MR 
imaging (specifi city, 61–90 %; sensitivity, 
68–87 %) in prospective studies with prostatec-
tomy specimens as reference standard [ 44 ,  46 , 
 49 ,  79 ]; however, a multicenter trial that included 
110 patients, with prostatectomy fi ndings as ref-
erence standard, did not show any benefi t for the 
addition of 1.5-T MR spectroscopic imaging to 
T2-weighted MR imaging in prostate cancer 
localization [ 80 ]. 

 It has been recommended that the maximum 
ratio of choline and creatine to citrate combined 
with tumor volume at MR spectroscopy be used 
as an index to help predict tumor aggressiveness 
[ 81 ]: some studies found that the ratio of choline 
and creatine to citrate in the lesion shows correla-
tion with the Gleason grade, with the elevation of 
choline and reduction of citrate indicative of 
increased cancer aggressiveness [ 82 ]. 

 Despite the relatively high specifi city of MR 
spectroscopy, false-positive MR spectroscopic 
fi ndings can occur due to contamination from the 

seminal vesicle and prostatitis [ 83 ]. The 
 metabolite ratio in cancerous tissue in the transi-
tional zone can overlap with that of benign tissue 
or stromal BPH [ 81 ]: although the (choline + cre-
atine)/citrate ratio can be low or normal in BPH, 
in stromal BPH, however, citrate and polyamine 
levels can be strongly suppressed and there may 
be elevation of choline due to the presence of 
proliferative elements, leading to signifi cant 
overlap with the fi ndings of prostate cancer. This 
leads to possible signifi cant diffi culty in distin-
guishing prostate cancer from prostatitis and 
stromal BPH, especially in the transition zone. 

 MR spectroscopic imaging, as for the other 
T2-weighted, can be often false-negative in the 
aggressive mucinous subtype of prostate cancer, 
presumably due to the large extracellular lakes of 
mucin [ 84 ]. However, this subtype is rare and 
represents only approximately 0.4 % of all pros-
tate adenocarcinomas. 

 When combined with anatomic imaging, MR 
spectroscopy has been found to increase the 
accuracy of tumor volume estimation in prostate 
cancer [ 85 ], although other data have shown lack 
of an additional advantage. More recent data 
have shown signifi cantly increased choline-to- 
citrate ratios and larger tumor volumes in stage 
T2b or higher tumors than in stage T2a or lower 
tumors, further suggesting a potential of MR 
spectroscopy for tumor volume estimation and 
staging [ 86 ]. 

 The main pitfall of MR spectroscopy is the 
long acquisition time, with consequent possible 
motion artifacts; other problems are the suscepti-
bility effects from endorectal balloon air, air in the 
rectum, that may decrease spectral quality and 
limit the ability to acquire high-quality data. The 
lower resolution of MR spectroscopy demands 
minimization of diagnostically decisive partial 
volume effects: a signifi cant number of spectral 
voxels acquired may contain nondiagnostic levels 
of metabolites. Postbiopsy hemorrhage is known 
to degrade MR spectra [ 87 ]. However, it was 
shown that MR spectroscopy may improve diag-
nostic accuracy for cancer in the presence of post-
biopsy hemorrhage, when fi ndings on 
T2-weighted images are nondiagnostic [ 88 ].   
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8.5     Technique 

8.5.1     Prostate MR Imaging Using 
an Endorectal Coil Versus 
Pelvic Coil 

 There has been a long-standing debate on whether 
or not to use an endorectal coil for prostate can-
cer staging since its use results in a more labor- 
intensive and costly examination. In a 
meta-analysis, Engelbrecht et al. [ 89 ] reported on 
146 studies performed at 1.5 T and found that the 
use of turbo spin-echo sequences, an endorectal 
coil, and multiplanar acquisitions all signifi cantly 
increased staging performance. The application 
of an integrated endorectal–pelvic phased-array 
coil signifi cantly improved staging performance, 
particularly sensitivity, compared with that of a 
pelvic phased-array coil alone [ 90 ]; although, in 
the largest prospective prostate cancer staging 
study performed at 1.5 T [ 91 ] comparing MR 
imaging with a body coil only and with an 
endorectal coil only, body coil imaging per-
formed better (accuracy, 62 %) than did endorec-
tal coil imaging (accuracy, 52 %). However, in 
the past years since this trial, technologic devel-
opments such as the use of higher fi eld strengths 
improved pelvic phased-array coils, and multipa-
rametric MR imaging techniques have improved 
staging accuracy considerably.  

8.5.2     Prostate MR Imaging at 3 T 
Versus 1.5 T 

 With the growing availability of 3-T whole-body 
MR imaging units, new opportunities arise for 
clinical and research applications in prostate 
imaging. In comparison with 1.5-T imaging, 
improvements in spatial or temporal resolution 
and in patient comfort (when no endorectal coil is 
used) are possible. Both conventional T1- and 
T2-weighted imaging techniques and the new 
multiparametric MR imaging protocols benefi t 
signifi cantly from imaging at higher fi eld strength. 

 First, diffusion-weighted imaging inherently 
benefi ts from higher fi eld strengths, allowing 
higher-quality imaging and higher spatial 
 resolution [ 92 ], however including increased 

 susceptibility artifacts and greater chemical 
shifts. Because the sensitivity of diffusion-
weighted imaging to susceptibility artifacts and 
distortions is increased at 3 T, signifi cant motion 
artifacts need to be avoided by limiting gross 
motion of the patient and suppressing rectal peri-
stalsis (e.g., by intravenous administration of glu-
cagon before the examination). Separation of 
tumor from healthy parenchyma is improved 
with 3-T diffusion- weighted imaging in compari-
son with 1.5-T diffusion-weighted imaging, and 
the ADC has been found to be signifi cantly lower 
in prostate cancer than in normal tissue [ 93 ]. 

 Second, DCE MR imaging achieves its high-
est potential at higher fi eld strengths such as 
3 T. In DCE MR imaging at 1.5 T, the temporal 
resolution is often a limiting factor to preserve 
spatial resolution. At 3 T, instead, the increased 
spatial resolution reduces volume averaging and 
allows detection of smaller tumor foci and more 
precise tumor volume assessment. 

 Third, MR spectroscopy is another technique 
that benefi ts from higher fi eld strengths, as a result 
of the inability to increase the spectral resolution 
with other methods; both better spatial resolution 
and better spectral resolution improve the ability 
to detect and characterize tumors with MR spec-
troscopy. The faster data acquisition and imaging 
at smaller voxel sizes (at higher resolution) per-
mits to reduce volume averaging of tumors with 
periprostatic fat, the seminal vesicles, postbiopsy 
hemorrhage, or periurethral tissues. At 1.5 T, the 
spectral quality may prohibit routine separation of 
closely adjacent peaks such as the choline, poly-
amine, and creatine peaks, which are therefore 
often combined into a single parameter (e.g., the 
[choline + creatine]/citrate ratio) for analysis. 

 Therefore the detection, the localization, and 
the staging of prostate cancer should benefi t from 
the use of 3 T; however, conclusions on the 
effects of higher fi eld strength on MR staging of 
prostate cancer remain diffi cult to infer because 
research on this topic is still immature. In partic-
ular, there are few studies comparing directly 3-T 
and 1.5-T MR staging of prostate cancer, and 
these studies are not fully comparable, using a 
pelvic phased-array coil at 3 T compared with a 
pelvic phased-array coil and/or an endorectal coil 
at 1.5 T.   
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8.6     Role of Choline PET–CT 

 Another functional imaging technique which 
offers the possibility to refl ect biological tissue 
characteristics is positron-emission tomography 
(PET) [ 94 ]. PET uses compounds labeled with 
positron-emitting radioisotopes to detect patho-
logic processes. Relatively recently, carbon 11 
(11 C)- or 18 F-labeled choline PET has been 
used in the assessment of patients with prostate 
cancer [ 95 ]: the fi rst is preferred over the second 
because of its lower urinary excretion (excreted 
tracer in the urinary bladder that caused obscu-
ration of the pelvis). However, the value of PET 
with radiolabeled choline in the staging of pros-
tate cancer has been a subject of controversy, 
and varying results have been reported. 

 In particular, in the evaluation of primary pros-
tate cancer, choline PET–CT is currently not suit-
able for patient selection for primary treatment 
due to its low sensitivity and specifi city in local-
izing tumor lesions both at the level of the prostate 
gland and the lymph nodes. For local T staging, 
choline PET–CT seems to be of limited value 
since there is no difference in tracer accumulation 
between benign prostate hyperplasia and prostate 
carcinoma [ 96 ,  97 ]; some studies performed in 
patients with advanced clinical stage and more 
aggressive cancers reported higher sensitivity for 
the detection of primary prostate cancer [ 98 ]. 
Therefore, there is no additional value of choline 
PET–CT to MRI for the detection of tumor nod-
ules within the prostate [ 99 ] (Fig.  8.9 ). 

 In contrast, its potential use is the detection of 
recurrent tumor tissue in patients with biochemi-
cal evidence of recurrence of prostate cancer, dis-
tinguishing those with local versus distant relapse 
(Fig.  8.16 ), thus providing an attractive tool to 
guide irradiation of local recurrences [ 100 ,  101 ].

8.7        Staging 

 Prostate cancer localization is the most important 
clinical indication for multiparametric MR imaging 
of the prostate. First, accurate defi nition of prostate 
cancer location helps improve cancer detection in 
targeting prostate biopsies with MR imaging guid-
ance. Second, accurate defi nition of a prostate 

 cancer location also helps improve prostate cancer 
staging, because better assessment of prostate can-
cer location(s) near the neurovascular bundle is pos-
sible in patients in whom nerve-sparing surgery is 
planned. Third, improved evaluation of prostate 
cancer location helps improve and support focused 
intensity- modulated radiation therapy planning of 
the dominant prostatic lesion and improves guid-
ance of minimally invasive focal therapies. 

 Compared with CT, US, systematic random 
biopsy, and digital rectal examination, MR imaging 
localization of prostate cancer was signifi cantly 
more accurate. The literature, however, shows a 
wide range (50–92 %) in the accuracy of local stag-
ing with MR imaging [ 89 ]. Despite its high speci-
fi city in the identifi cation of organ- confi ned disease 
and extracapsular extension, owing to lower sensi-
tivity and substantial interobserver variability, the 
routine use of MR imaging in the local staging of 
prostate cancer remains controversial. 

 Historically, the stage of prostate cancer was 
based on the Jewett classifi cation; only in the past 
10 years has the TNM system prevailed. At pres-
ent, however, both staging systems are in common 
use. The Jewett classifi cation system (stages 
A–D) was described in 1975 and has since been 
modifi ed. In 1997, the American Joint Committee 
on Cancer and the International Union Against 
Cancer adopted a revised TNM system that uses 
the same broad T-stage categories as in the Jewett 
system but includes subcategories of T stage, 
including a stage to describe disease diagnosed by 
means of PSA screening. In 2002, the American 
Joint Committee on Cancer further revised the 
TNM classifi cation system [ 102 ]. This revised 
TNM system is clinically useful and more pre-
cisely stratifi es newly diagnosed cancer. 

 In this classifi cation, prostate cancer is divided 
in four stages. Stage T1 is only clinical, because the 
tumor is neither palpable nor visible with imaging. 
In stage T2, tumor is confi ned within the prostate 
and is further divided second to uni- or bilobar dis-
ease—respectively, T2a involving one-half of one 
lobe or less (Figs.  8.2 ,  8.6 , and  8.7 ), T2b more than 
one-half of one lobe but not both lobes, and T2c 
both lobes (Figs.  8.3 ,  8.8 , and  8.13 ). In stage T3, 
tumor extends through the prostate capsule and is 
further divided into T3a (extracapsular extension 
unilateral or bilateral) (Figs.  8.10  and  8.17 ) and 
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  Fig. 8.16    ( a – j ) 68 years old, previous diagnosis of 
 prostate cancer 8 years ago, underwent treatment with 
HIFU and subsequently hormonotherapy. PSA annulled 
for the fi rst 4 years, then progressively rising (last PSA 
4 ng/ml). Axial T1-weighted (TR: 550; TE: 9.3) 
sequence ( a ) shows the prostate ( arrow ) with reduced 
volume; on coronal T2-weighted (TR: 2300: TE: 116) 
sequence ( b ), an asymmetry of the two lobes is visible, 
with prevalence of the left lobe ( dashed arrow ). Axial 
T2-weighted sequence ( c ), acquired at a lower level than 
in ( a ), confi rms prevalence of the left lobe ( dashed 
arrow ), documenting a diffuse hypointensity of both 
lobes. On ADC sequence ( d ), the prostate appears 
hypointense ( arrows ), while on post-contrastographic 
phase sequence ( e ) the whole prostate appears hypervas-
cularized, with a more vascularized nodule visible in the 
left lobe ( dashed arrows ). On  e , within the prostate, a 
homogeneous markedly hypointense area ( arrow ), the 

bladder neck. On fusion choline PET–CT image ( f ), in 
the same point on previous axial MRI sequences ( c – e ), a 
hypermetabolic lesion is visible ( dashed arrows ); the 
hypermetabolic area extends to the left lobe ( arrow ); 
anteriorly, the bladder ( arrowhead ). On post-contrasto-
graphic phase ( g ), acquired at apex, a nodule is recogniz-
able too in the right lobe ( arrow ). Sagittal T2-weighted 
(TR: 3600; TE: 114) sequence ( h ) confi rms diffuse 
hypointensity of all prostatic gland ( dashed arrow ). 
Lastly, both on T1-weighted sequence ( i ) and on fusion 
choline PET–CT image ( j ), a pathological external iliac 
lymph node (major axes: 11 × 8 mm) is identifi ed ( arrow-
heads ), appearing hypointense on T1-weighted sequence 
and hypermetabolic on PET. Histopathological analysis 
of the surgical specimens confi rmed a tumor, Gleason 9 
(4 + 5), occupying 80 % of the prostate volume, with 
extension to both seminal vesicles. Metastases in three 
iliac–obturator lymph nodes         
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Fig. 8.16 (continued)
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  Fig. 8.17    ( a – j ) 58 years old, PSA 10.2 ng/ml. Axial 
T2-weighted (TR: 3600; TE: 116) sequences at the apex 
( a ) and at the upper third ( b ) document the presence of 
two hypointense nodule ( arrows )—respectively, 12 and 
27 mm—interrupting the regular hyperintensity of the 
peripheral zone; on coronal T2-weighted (TR: 2300; TE: 
116) sequence ( c ), the same lesion in  b  ( arrow ). On axial 
T1-weighted (TR: 550; TE: 9.3) sequence at the middle 
third ( d ), both the vascular nervous bundles ( short arrows ) 
are recognizable, but the right presents a limit with the 
prostatic capsule less clear (sign of initial involvement). 
Sagittal T2-weighted (TR: 3600; TE: 114) sequences at 
the left lobe ( e ) and at the right lobe ( f ) show, respectively, 
the small lesion in  a  at the apex, posteriorly, and the 

 bigger lesion in  b  and  c , at the upper two thirds ( arrows ); 
the prostatic capsule ( dashed arrows ), posteriorly, at the 
level of the second lesion, is irregular, with obliteration of 
fat tissue ( arrowhead ). On axial ADC sequence ( g ), at the 
apex level but lower than in  a , in addition to the nodule in 
the left lobe ( arrow ), another lesion is recognizable in the 
posterior right lobe ( dashed arrow ), both markedly 
hypointense. On ADC sequence at the upper third ( h ), at 
the same level than in  b , the lesion ( arrows ) appears simi-
lar to the lesions at the lower third. On post-contrasto-
graphic phase sequences ( i  and  j , respectively, at the same 
level of  g  and  h ), the lesions are very vascularized 
( arrows ). All three nodules present signal features typical 
of neoplastic lesions, confi rmed with surgery         

a b

c d

 

U. Alfonsi et al.



213

T3b (if a seminal vesicle is invaded) (Figs.  8.11 , 
 8.14 , and  8.18 ). In stage T4, tumor is fi xed or 
invades adjacent structures other than the seminal 
vesicles: bladder neck, external sphincter, rectum, 
levator muscles, and/or pelvic wall (Fig.  8.19 ). In 
the evaluation of lymph node metastases, the two 

stages are N0 (no regional lymph node metastasis) 
and N1, if there are metastases in regional lymph 
nodes (internal iliac, obturator, external iliac, peri-
rectal, and presacral) (Figs.  8.16 ,  8.18 , and  8.19 ). 
The metastases are classifi ed into M0 (absence of 
distant metastases) and M1 (presence of distant 
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Fig. 8.17 (continued)

8 Adenocarcinoma of the Prostate



214

  Fig. 8.18    ( a – j ) 52 years old, Gleason 7 (3 + 4). On axial 
T2-weighted (TR: 4074; TE: 100) ( a ) and ADC ( b ) 
sequences, acquired at the middle third, a diffuse hypoin-
tensity of the peripheral zone ( arrows ) is observed, with 
the exception of the peripheral zone of the left lobe 
( dashed arrows ). On the same sequences (respectively,  c  
and  d ), at the upper third, the hypointensity involves the 
entire peripheral zone ( arrows ), spreading posteriorly and 
infi ltrating both seminal vesicles ( dashed arrows ), which 
appear irregularly hypointense, more evident in the right. 
On axial post-contrastographic phase sequence ( e ), at the 
level in  c  and  d , the entire peripheral zone is hypervascu-
larized ( arrows ). On coronal T2-weighted (TR: 4013; TE: 
100) sequence ( f ), the entire upper third of the prostate is 
markedly more hypointense than the two lower thirds. On 

axial T2-weighted ( g ), ADC ( h ), and post-contrasto-
graphic phase ( i ) sequences, acquired at an upper level 
than in  c – e , the diffuse hypointense and hypervascular-
ized area of the peripheral zone ( arrows ) is recognizable. 
At this level, the hypointensity of the seminal vesicles is 
better visible ( dashed arrows ); not clearly identifi able is 
the posterior border of the prostate, because the surround-
ing tissues are diffusely slightly hypointense and vascular-
ized ( long arrows ). In  j , a hypointense external iliac 
lymph node ( arrow ), with major axes of 10 × 6 mm (suspi-
cious for pathological). After prostatectomy, histopatho-
logical analysis confi rmed the infi ltration of both seminal 
vesicles and metastases in an external right iliac lymph 
node and revealed a second metastatic left lymph node, 
which did not have suspicious MRI features         
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  Fig. 8.19    ( a – j ) 68 years old, PSA 50.8 ng/ml, underwent 
biopsy 8 weeks before, Gleason 7 (4 + 3). On axial 
T1-weighted (TR: 500; TE: 10) sequence ( a ), at the upper 
third, asymmetry of the prostate, with prevalence of the 
left lobe ( dashed arrow ). On axial T2-weighted (TR: 
4072; TE: 100) sequence ( b  and  c ), at a higher level than 
in  a , diffuse inhomogeneous hypointensity of fat adjacent 
the border of the left lobe ( white arrows ); the seminal 
vesicle appears markedly hypointense ( dashed arrows ) 
compared with the contralateral ( long arrows ). Anteriorly, 
the median lobe is bulging upwards ( black arrows ). Still, 
axial T2-weighted sequence ( d ), at the middle third, con-
fi rms the presence of hypointense tissue ( white arrow ) 
extending in the bordering fat, involving the levator ani 
muscle ( dashed arrows ) and the obturator internus muscle 
( long arrows ). On coronal T2-weighted (TR: 4013; TE: 

100) sequences ( e  more anteriorly than  f ), the hypointense 
tissue spreads and invades the surrounding fat and the 
levator ani muscle ( dashed arrows ) and obturator internus 
muscle ( long arrows ); appreciable are two hypointense 
pathological (major axes: 20 × 12 and 16 × 12 mm) exter-
nal iliac lymph nodes ( white arrows ). Sagittal T2-weighted 
(TR: 4013; TE: 100) sequences ( g  in right part of the pel-
vis,  h  in left): physiologic hyperintensity of right vesicle 
( g ,  arrow ), while left vesicle appears markedly hypoin-
tense ( h ,  arrow ), surrounded and invaded by hypointense 
tissue ( dashed arrow ), spreading from the left lobe. On 
axial post-contrastographic phase sequence ( i  and, more 
caudally,  j ), the tissue in the left lobe appears hypervascu-
larized ( arrows ); confi rmed invasion of the levator ani 
muscle ( dashed arrows ) and obturator internus muscle 
( long arrows )         
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metastases); M1 is divided in M1a (involvement of 
nonregional lymph nodes, and the more frequent 
sites are the common iliac and para-aortic), M1b 
(bone), and M1c (other site).

     For appropriate therapy planning it is impor-
tant to differentiate between organ-confi ned dis-
ease (stage T1 or T2) and early advanced disease 
in the form of extracapsular extension or seminal 
vesicle invasion (stages T3 and T4). Advanced 
MR imaging techniques have been repeatedly 
shown to be more accurate in differentiating 
between stage T2 and T3 prostate cancer than 
other imaging modalities and are preferred for 
local staging: in particular, the current clinical 
staging, generally based on digital rectal exami-
nation, PSA, and transrectal US fi ndings, results 
in frequent understaging (59 %) and some over-
staging (5 %) [ 103 ]. The most widely used crite-
ria for extracapsular spread are asymmetry of the 
neurovascular bundle, tumor encasement of the 
neurovascular bundle, a bulging prostatic con-
tour, an irregular or spiculated margin, oblitera-
tion of the rectoprostatic angle, capsular 
retraction, a tumor–capsule interface of greater 
than 1 cm, and a breach of the capsule with evi-
dence of direct tumor extension [ 42 ]. At multi-
variate feature analysis, the following MR 
imaging criteria were most predictive of extra-
capsular extension: a focal irregular capsular 
bulge, asymmetry or invasion of the neurovascu-
lar bundles, and obliteration of the rectoprostatic 
angle [ 104 ] (Figs.  8.10  and  8.17 ). In addition to 
extracapsular extension, seminal vesicle invasion 
is an important prognostic clinical parameter 
because it is associated with the highest rates of 
treatment failure—second only to lymph node 
metastases [ 105 ,  106 ]. The combination of 
images obtained in the axial, coronal, and sagittal 
planes facilitates the diagnosis of both extracap-
sular extension and seminal vesicle invasion. The 
features of seminal vesicle invasion include focal 
low signal intensity within and along the seminal 
vesicle, an enlarged low-signal-intensity seminal 
vesicle, enlarged low-signal-intensity ejaculatory 
ducts, obliteration of the angle between the pros-
tate and the seminal vesicle, and demonstration 
of direct tumor extension from the base of the 
prostate into and around the seminal vesicle [ 42 ] 
(Figs.  8.11 ,  8.14 , and  8.18 ). MR imaging has 

been reported to have a wide range of sensitivi-
ties (13–95 %) and specifi cities (49–97 %) for 
detection of extracapsular extension, with a simi-
larly wide range of sensitivities (23–80 %) and 
specifi cities (81–99 %) for detection of seminal 
vesicle invasion [ 42 ,  107 ]. Limitations of con-
ventional morphologic MR imaging of the pros-
tate highlight the need for a combined anatomic 
and functional imaging approach. 

 In a large prospective study with 99 patients 
[ 71 ], dynamic contrast-enhanced MR imaging 
combined with T2-weighted MR imaging signifi -
cantly improved the accuracy of prostate cancer 
staging compared with that of T2-weighted MR 
imaging alone, and this improvement was major 
for less-experienced readers; in a prospective 
study with 53 patients [ 108 ], the addition of 
three-dimensional MR spectroscopic imaging 
results to T2-weighted MR imaging results sig-
nifi cantly improved accuracy for predicting 
extracapsular extension for both experienced and 
less-experienced readers. Drawbacks of 
T2-weighted MR imaging for prostate cancer 
localization and local staging include differentia-
tion of infl ammatory changes from cancer. 
Furthermore, high inter- and intraobserver vari-
ability may lead to under- or overestimation of 
cancer stage [ 109 ]. Also, postbiopsy hemorrhage 
can decrease staging accuracy. Finally, 
T2-weighted MR imaging cannot be used to 
detect microscopic capsular invasion. Increased 
experience in interpretation and a better under-
standing of morphologic criteria used to diagnose 
extraprostatic disease are key to further improv-
ing the role and accuracy of MR imaging in stag-
ing. The combined use of multiparametric MR 
imaging substantially improves the evaluation of 
extracapsular extension and decreases interob-
server variability. As mentioned earlier, pitfalls 
of multiparametric MR techniques also affect the 
ability to facilitate prostate cancer localization 
and local staging. Of all clinical indications for 
multiparametric MR imaging, localization is the 
most important. Accurate prostate cancer local-
ization results in more accurate prostate cancer 
staging and in more accurate MR guidance of 
prostate biopsy and therapy. 

 MR imaging is also helpful for diagnosing the 
invasion of adjacent organs, for example, the 
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urinary bladder and rectum (stage T4): in particu-
lar, the sagittal imaging plane optimizes the eval-
uation of tumor extension into the bladder and 
rectum. 

 In the evaluation of lymph node metastases, 
effi cacy data for MR imaging and CT are similar, 
with both modalities having low sensitivity. 

 Radionuclide bone scanning is the initial 
imaging modality recommended for detecting 
bone metastases. Although MR imaging is more 
sensitive than radionuclide scanning, evaluation 
of the entire skeletal system has not been criti-
cally analyzed. Reported cutoff values of PSA 
level used to identify patients at high risk for 
lymph node and bone metastases are around 15 
and 20 ng/mL, respectively; however, there is 
considerable variation in cutoff values among 
different series in the literature [ 110 ,  111 ]. 

 Although no specifi c staging system for pros-
tatic tumors different from adenocarcinoma exists, 
imaging should analyze the same parameters: in 
particular, differentiating between organ- confi ned 
disease (stage T2 adenocarcinoma) and extrapros-
tatic extension (T3 and T4) [ 112 ] (Fig.  8.20 ).

8.8        Treatment 

 Controversy exists with regard to the appropriate 
management of prostate cancer. The choice of 
treatment depends on the patient’s age at diagno-
sis, the stage and aggressiveness of the tumor, the 
potential side effects of the treatment, and patient 
comorbidity [ 113 ,  114 ]. The thrust of cancer care 
is risk-adjusted, patient-specifi c therapy designed 
to maximize cancer control while minimizing the 
risks of complications. Risk-adjusted, patient- 
specifi c treatment of prostate cancer necessitates 
the accurate characterization of the location and 
extent of cancer. 

 The optimal therapeutic approach varies 
widely; options include watchful waiting, andro-
gen ablation (chemical or surgical castration), 
hormone therapy, radical surgery, and various 
forms of radiation therapy (brachytherapy, exter-
nal beam irradiation). The optimal treatment for 
prostate cancer is best selected on the basis of 
clinical TNM stage, Gleason grade, and the level 
of the circulating tumor marker, PSA. The deci-

sion to treat should also take into account patient 
age, disease stage, associated medical illnesses, 
and the patient’s personal preferences. The inclu-
sion of multiparametric MR imaging helps 
improve the prediction of cancer extent, thereby 
improving patient selection for local therapy. 
Other advantages include the possibility of moni-
toring the progress of patients who select watch-
ful waiting or other minimally aggressive cancer 
management options and the guidance and 
assessment of emerging local prostate cancer 
therapies. Selection of the optimal treatment 
modality is based primarily on the initial clinical 
stage and the risk of biochemical failure (the like-
lihood of recurrence after locoregional treatment) 
[ 115 ,  116 ] (Figs.  8.10  and  8.16 ). 

 Radical treatment options for patients with 
prostate cancer include prostatectomy (for organ- 
confi ned T1 and T2 disease) and hormone abla-
tion combined with radiation therapy (for 
advanced extraprostatic T3 and T4 disease). In 
certain situations, expectant management (watch-
ful waiting) is a legitimate choice for patients with 
small-volume, low-grade, low-risk disease with-
out any additional morbidity; however, the selec-
tion of treatment has to consider estimated life 
expectancy, comorbidities, potential side effects, 
and patient preferences. In general, patients 
should have a life expectancy of greater than 10 
years to recommend defi nitive treatment. 

 The most common treatment side effects are 
erectile dysfunction and urinary incontinence. 
Efforts to reduce treatment morbidity while maxi-
mizing treatment effects have led to the demand 
for patient-specifi c and disease-targeted therapies. 
Recently, local and minimally invasive therapies 
such as cryoablation, radiofrequency ablation, 
brachytherapy, photodynamic therapy, and high-
intensity focused ultrasonography (US) (Fig.  8.16 ) 
have been introduced for organ- confi ned prostate 
cancer; however, these therapies require exact 
localization of the cancer. With accurate staging 
and localization of prostate cancer, minimally 
invasive therapies can provide uncompromised 
oncologic outcome with signifi cantly less comor-
bidity. However, patient selection for such treat-
ments remains a challenge, since the tumor 
biology of prostate cancer still remains poorly 
understood. Most patients in whom prostate 
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  Fig. 8.20    ( a – f ) 38 years old. Axial T1-weighted (TR: 
550; TE: 9,3) sequence ( a ) shows the prostate increased in 
volume, especially the left lobes ( arrow ), with lateral dis-
location of left levator ani muscle ( dashed arrow ). On 
axial T2-weighted (TR: 5130; TE: 108) sequence ( b ), in 
the left lobe a lesion is recognizable ( arrow ), inhomoge-
neous hyperintense, with regular margins and a hypoin-
tense capsule ( dashed arrow ); the left lobe appears 
compressed and displaced to the right. Both in  a  and  b , the 
posterior fat tissue is regular ( arrowhead ) and no sign of 
infi ltration is appreciable. On coronal fat saturated 
T1-weighted (TR: 400; TE: 10) sequence ( c ), the lesion is 

not visible, while on coronal fat saturated T2-weighted 
(TR: 3000; TE: 80) sequence ( d ), the lesion ( arrow ) 
appears bilobed ( arrowheads ). On axial ( e ) and coronal 
( f ) post-contrastographic phase sequences, the capsule 
and the internal septa show rich enhancement ( arrow-
heads ), while the lesion shows enhancement only in the 
posterior, medial portion ( arrows ) due to the rich necrotic 
component in the external portion. After prostatectomy, 
pathological analysis documented a highly malignant sar-
coma (high cellularity, elevated mitotic index, and pres-
ence of necrosis)       
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cancer is diagnosed die with the disease rather 
than of the disease. Although several methods 
have been developed to predict patients’ outcome 
[ 117 ], it is still diffi cult to project which patients 
will experience progression of the disease. 

8.8.1     Surgery 

 Most cancers treated today are not palpable, and 
apart from the information obtained with US and 
biopsy, the surgeon has limited information about 
the size, location, and extent of the cancer. MR 
imaging can help refi ne the surgical plan, thus 
maximizing the preservation of periprostatic tis-
sues (important for the recovery of urinary and 
sexual function) and minimizing the risk of posi-
tive surgical margins. MR imaging before radical 
prostatectomy can have an infl uence on the surgical 
decision to spare or resect the neurovascular bun-
dles; this is especially valuable in high-risk patient 
groups. MR imaging can also be useful for predict-
ing intraoperative blood loss during radical retro-
pubic prostatectomy (i.e., a cutoff value of 4-mm 
separation from tumor to apical periprostatic veins 
at MR imaging has been shown to correlate with 
greater blood loss) [ 118 ]. In addition, MR imaging 
can help predict urinary incontinence after radical 
retropubic prostatectomy: patients with a longer 
membranous urethra regain urinary continence 
more easily and quickly [ 119 ] (Fig.  8.21 ).

8.8.2        Radiotherapy 

 Radiotherapy (RT) is one of the principal treat-
ment modalities for both localized and locally 
advanced prostate cancer. RT may be delivered 
externally with either external beam radiotherapy 
(EBRT) or proton therapy or delivered internally 
with radioactive seeds (brachytherapy). Patients 
with intermediate- or high-risk localized disease 
may be treated with a combination of both exter-
nal and internal RT to maximize the radiation 
dose to the prostate cancer. The guidelines for the 
optimal choice of treatment are not well estab-
lished, and the choices are often empirical. The 
results of several retrospective analyses and the 
early results of clinical trials indicate that an 
increased radiation dose is associated with 

reduced rates of biochemical failure and may, 
therefore, increase local control rates and 
decrease the risk for distant metastasis and the 
rate of overall mortality [ 120 – 122 ]. This 
 observation is important in the treatment of inter-
mediate- or high-risk prostate cancer patients; 
however, increased radiation doses may be asso-
ciated with a risk of treatment morbidity [ 123 ]. 

 Advantages of RT over surgery include a very 
low risk of urinary incontinence or urethral stric-
ture and no surgery-related complications. In 
addition, erectile dysfunction is less common 
after RT than after surgery; however, the risk of 
bowel side effects is higher after RT than after 
surgery. Contraindications to RT include any prior 
pelvic irradiation, active infl ammatory disease of 
the rectum, and active prostatitis. Relative contra-
indications include very low bladder capacity; 
chronic, moderate, or severe diarrhea; bladder 
outlet obstruction requiring use of a suprapubic 
catheter; and inactive ulcerative colitis [ 116 ]. 

 MR imaging is more accurate than CT in defi n-
ing the prostate volume, with the highest non-
agreement in the apex and posterior parts of the 
gland and the seminal vesicles [ 124 – 126 ], and in 
the anatomic delineation of surrounding struc-
tures, such as the rectal wall, the sigmoid, the ure-
thra, and the penile bulb, which are at risk for 
radiation-induced tissue damage. The dose deliv-
ered to the rectal wall and bulb of the penis is sub-
stantially reduced with treatment plans based on 
the MR imaging-delineated prostate anatomy 
compared with treatment plans based on the 
CT-delineated prostate anatomy, decreasing the 
risk of rectal and urologic complications [ 127 ]. 

 Despite the precise delivery of radiation dose 
to the whole prostate, intraprostatic tumor recur-
rences do occur, particularly at the sites of domi-
nant intraprostatic tumors [ 128 ,  129 ] (Fig.  8.10 ). 
Because of its ability to show tumor location and 
extent, MR imaging can be of tremendous help to 
radiation therapy planning, permitting to map 
tumor volume or to localize a visible dominant 
tumor or more aggressive regions within the 
tumor, such as highly proliferating or hypoxic 
foci, so that very high radiation doses are com-
bined in areas of high tumor cell density within 
the prostate gland without substantially increas-
ing the risk of normal tissue damage, minimizing 
the risk of recurrences [ 130 – 132 ] (Fig.  8.22 ).
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     Fig. 8.21    ( a – f ) Preoperative sagittal T2-weighted (TR: 
3600; TE: 114) sequences ( a – d ) of four different patients; 
 e  and  f , coronal view (TR: 2300; TE: 116), respectively, of 
 a  and  d . The preoperative membranous urethral length 
(the distance from the prostatic apex to the level of the 

urethra at the penile bulb,  white line  in a–f) is measured in 
the coronal and sagittal planes. A longer rather than a 
shorter ( c ,  d ) preoperative membranous urethra is associ-
ated with a faster and more frequent recovery of conti-
nence ( a ,  b )       
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  Fig. 8.22    ( a – f ) 62 years old, PSA 7.8 ng/ml, diagnosis of 
prostate tumor 3 months ago (Gleason 6, 3 + 3), candidate 
for radiotherapy. ( a ,  b ) axial T1-weighted (TR: 500; TE: 
10) sequences. ( c ,  d ) sagittal (TR: 4006; TE: 100) ( c ) and 
coronal (TR: 4013; TE: 100) ( d ) T2-weighted sequences, 
respectively. The subject underwent placement of gold 
fi ducial marker seeds that are used as a fi xed standard of 
reference during radiation treatment. The markers are 
inserted by performing a transrectal ultrasound: three mark-
ers are inserted through a needle which is passed through 
the ultrasound probe. The markers correspond to the very 

low signal intensity images ( arrows   a – d ) seen edgeways ( a , 
 b ) or along the major axis ( c ,  d ). In particular, in  c , a marker 
( long arrow ) is in the central zone, at the border with 
peripheral zone ( arrowhead ), another ( dashed arrow ) is in 
peripheral zone, in close contact with the prostatic capsule 
( short arrow ) while in  d  in the peripheral zone ( arrow ), in 
the left lobe. Furthermore, in  a  and  b , an area of high signal 
intensity in the right lobe ( arrowhead ), hemorrhage in 
recent procedure of placement of markers. In a second sub-
ject, on axial T1-weighted ( e ) and coronal T2-weighted ( f ) 
sequences, other examples of fi ducial markers ( arrows )       
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9.1            Introduction 

 Although ultrasonography remains the primary 
imaging modality in the diagnosis of scrotal 
pathology, magnetic resonance (MR) imaging 
may provide valuable additional information. 
Due to its increased panoramicity, it performs 
better with very large lesions, which are diffi cult 
to image in the limited fi eld of view of the ultra-
sonographic probe. Another major strength over 
conventional ultrasound and Doppler modes is 
improved tissue characterization. Moreover, MR 
imaging can investigate heavily fi brotic or calci-
fi ed testes, in which ultrasonography is incon-
clusive, and can detect fl ow in hypovascular 
lesions with a sensitivity rivaling that of contrast- 
enhanced ultrasonography [ 1 ].  

9.2    Examination Technique 

 Scrotal MR imaging [ 2 ,  3 ] can be implemented 
with virtually every MR unit, even though image 
quality and signal-to-noise ratio is better with 

high-fi eld-strength equipment. Susceptibility 
artifacts, which cause signal loss and image 
 distortion at the air-tissue interface, are espe-
cially found at high fi eld strength. To minimize 
this problem, it is recommended to use fast spin-
echo instead of gradient echo sequences. 
Relatively low specifi c absorption rates (SAR) 
are used to minimize heating of the scrotum 
which, however, in a clinical setting is well 
below the threshold known to affect spermato-
genesis in mammals [ 4 ]. 

9.2.1    Coil Selection 

 A circular surface coil can be used placed on the 
patient’s lower pelvis and centered over the 
scrotum [ 5 ]. In our clinical practice, however, 
we prefer multichannel phased-array coils for 
parallel imaging, such as cardiac coils, which 
provide high-defi nition images with excellent 
signal-to- noise ratio and increased panoramic-
ity. Appropriate positioning of the scrotum is 
important. The testes should be arranged to 
maintain nearly equal distance from the coil [ 5 , 
 6 ]. The penis is kept upward and taped against 
the abdominal wall. Towels or sponges are 
placed between the thighs to minimize motion 
artifact. Respiratory compensation may be used 
to reduce motion artifact, but image quality 
obtained without respiratory compensation is 
high enough for the diagnosis with reduced 
acquisition time [ 7 ].  
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9.2.2     Imaging Planes and Pulse 
Sequences 

 The testes are usually examined along the longi-
tudinal and transverse axes. Coronal and axial 
acquisitions allow direct comparison of the two 
testes and evaluation of the spermatic cord [ 6 ]. 
Scanning along sagittal and oblique planes may 
be indicated in selected cases. 

 The scanning protocol varies depending on the 
clinical setting. In general, non-contrast- enhanced 
T1- and T2-weighted images are fi rst obtained fol-
lowed by contrast-enhanced T1-weighted images 
or dynamic contrast- enhanced scans if necessary. 
We commonly obtain high-resolution thin contig-
uous sections of 3–4 mm. Parallel imaging tech-
niques are applied to reduce scan time by 
accelerating image acquisition. This eventually 
results in increased patient comfort and accept-
ability, decreased patient movement, and better 
image quality. 

 T1-weighted images provide anatomical 
information of the testis, epididymis, and sper-
matic cord. T2-weighted images are usually the 
most informative; they show a variety of tissue 
contrast depending on the echo time [ 2 ,  8 ]. A 
standard T2 contrast between the testes, epi-
didymis, spermatic cord, and surrounding fat 
tissue is obtained with an echo time of about 
100 ms; long echo times (250–350 ms) produce 
heavily T2-weighted images in which fl uid dis-
plays very high signal intensity while the testes 
and epididymis have intermediate signal inten-
sity. Diffusion- weighted imaging (DWI) of the 
scrotum is still on a stage of investigation 
[ 9 – 13 ]. It is usually performed along the axial 
plane using a single- shot, multislice, spin-echo 
planar sequence with b-values of 0 and 
800–1,000 s/mm 2 . 

 Contrast-enhanced MR imaging gives informa-
tion on tissue perfusion. Comparison between the 
contrast enhancement of the right and left testes 
facilitates the evaluation of the affected-side testis 
with the unaffected-side testis serving as a normal 
control. Usually, high-resolution T1-weighted 
images with fat suppression are obtained before 
and after gadolinium contrast administration and 
image subtraction [ 14 ]. Dynamic contrast-

enhanced imaging is indicated in selected cases 
only. It can be obtained in the coronal plane using 
fat-suppressed fast spin-echo images or ultrafast 
spoiled gradient echo sequences when a high tem-
poral resolution is required, with the disadvantage 
of lower spatial resolution and increased artifacts. 
Image subtraction is recommended.   

9.3    Normal Anatomy 

 The normal adult testes show intermediate- and 
high signal intensity on T1- and T2-weighted 
images, respectively [ 5 ,  6 ]. Intermediate signal 
intensity is displayed on heavily T2-weighted 
images. On DWI images the normal testes pres-
ent homogeneous high signal intensity (Fig.  9.1 ). 
Aging is associated with structural and functional 
alterations resulting in decreased signal restric-
tion [ 15 ]. The mediastinum testis appears as a 
low-signal-intensity band along the long axis of 
the testis. On heavily T2-weighted images, fi ne 
fi brous septa are often seen as thin linear struc-
tures of low signal intensity extending from the 
mediastinum testis and dividing the lobules. 
The tunica albuginea and the visceral layer of the 
tunica vaginalis are stuck together showing low 
signal intensity in all sequences [ 5 ,  6 ,  16 ]. The 
signal intensity of the epididymis is similar to 
that of the testis on T1-weighted images but 
lower on T2-weighted images [ 5 ,  6 ,  17 ]. The vas 
deferens can be traced from the tail of the epi-
didymis to the spermatic cord on T2-weighted 
images.

   The fl uid between the visceral and the parietal 
layers of the tunica vaginalis shows high and very 
high signal intensity on T2- and heavily 
T2-weighted images, respectively [ 5 ,  6 ].  

9.4    Congenital Abnormalities 

 MR imaging is the imaging modality of choice in 
investigating patients with ambiguous genitalia, 
which are usually associated with complex mal-
formations of the genitourinary tract. The most 
common isolated abnormalities of the scrotal con-
tent are undescended testis and congenital hydro-
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celes. Bell-clapper deformity is diffi cult to be 
detected. Polyorchidism and adrenal rests are rare. 

9.4.1    Undescended Testis 

 Undescended testis is the most common genitouri-
nary anomaly with a prevalence at birth of 2–5 % 
and up to 30 % in preterm infants. Approximately 
2:3 undescended testes will  spontaneously 

descend within the fi rst months of life, with a 
prevalence at the age of 1 year of 0.8 %. The testis 
may be located at any point along the descent 
route from the retroperitoneum to the external 
inguinal ring [ 18 ]. It can be ectopic, but in general 
it is found along the normal path of descent: 
approximately 70 % in the inguinal canal, 20 % in 
the prescrotal region just beyond the external 
inguinal ring, and the remaining in the abdomen. 
About 3–5 % of patients with undescended testis 

a

c

b

  Fig. 9.1    Appearance of the normal testes on MR imaging. 
Coronal images. ( a ,  b ) The testes show high signal inten-
sity on T2- and intermediate signal intensity on 
T1-weighted images, respectively. The tunica albuginea 

has low signal intensity in all sequences. ( c ) Diffusion-
weighted image ( b  = 1,000 s/mm 2 ) shows signal restriction 
of the testicular parenchyma       
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have congenital absence of the testis. It is conceiv-
able that in most cases, the testis was originally 
present during fetal life and then regressed. 

 The major complications of cryptorchism are 
malignant degeneration, infertility, torsion, and 
bowel incarceration because of an associated 
indirect inguinal hernia. Tumors are far more 
common in an undescended testis than in a nor-
mally positioned testis. 

 Imaging is indicated to search for the location 
of the cryptorchid testis to evaluate its size and to 
seek for parenchymal lesions. The cryptorchid 
testis is usually smaller relative to the normally 
located testis because of testicular dystrophy and 
degeneration [ 19 ]. 

 Ultrasonography can reliably detect testicles 
located in the inguinal canal or between the 
external inguinal ring and the scrotal neck. 
Detecting the testicle in intra-abdominal loca-
tions is often diffi cult or even impossible. MR 
imaging allows detecting the testis not only in the 
inguinal canal but also in the abdomen. High 
abdominal testes, however, may be diffi cult to 
identify, and a recent meta-analysis of an 
American pediatric group shows a low sensitivity 
[ 20 ]. DWI performed at high b-values (800–
1,000 s/mm 2 ) improves visualization of the unde-
scended testis which appears hyperintense in 
most of cases [ 13 ] (Fig.  9.2 ). Severely atrophic 

testes, however, may show low signal intensity 
on diffusion-weighted imaging [ 21 ] (Fig.  9.3 ).

9.4.2        Congenital Hydrocele 

 Congenital hydrocele occurs when there is 
incomplete closure of the processus vaginalis. It 
is very common in newborn but is encountered in 
less than 1 % of adults. The patent processus vag-
inalis permits fl ow of peritoneal fl uid into the 
scrotum. Indirect inguinal hernias can be associ-
ated. There are two subtypes of congenital hydro-
cele: the encysted type, also called spermatic 
cord cyst, with no communication with the peri-
toneum and with the tunica vaginalis, and the 
funicular type, also called funiculocele, which 
communicates with the peritoneum at the internal 
ring but does not surround the testis. 

 Either ultrasonography or MR imaging can be 
used to evaluate congenital hydrocele. On ultra-
sound, it appears as an anechoic fl uid collection 
surrounding the anterolateral aspects of the testis 
extending to the inguinal canal or as a well- 
demarcated anechoic mass, associated with either 
a patent or a closed internal ring, separated from 
the testis and epididymis which are displaced 
inferiorly. On MR imaging hydrocele is homoge-
neous and hypointense on T1-weighted images 

a b

  Fig. 9.2    An undescended testis located in the abdomen 
near the right iliac vessels. ( a ) Axial diffusion-weighted 
image ( b  = 800 s/mm 2 ) identifi es the retained testis as a 

lesion with signal restriction ( arrowhead ). ( b ) Coronal 
T2-weighted image confi rming the location of the testis 
adjacent to the right iliac vessels ( arrowhead )       

 

M. Bertolotto et al.



233

and hyperintense on T2-weighted images, 
 characteristic of fl uid. Occasionally, septations 
are identifi ed, although prominent septations 
should suggest a hematocele or pyocele. Patency 
of the processus vaginalis with entry of perito-
neal fl uid into the scrotal sac is best demonstrated 
in heavily T2-weighted images.  

9.4.3    Bell-Clapper Deformity 

 Failure of the normal posterior anchoring of the 
epididymis and testis is called bell-clapper defor-
mity because it leaves the testis free to swing and 
rotate within the tunica vaginalis of the scrotum 
like the clapper inside of a bell. It is a common 
precondition for testicular torsion, with a 12 % 
incidence in an autopsy series. 

 Bell-clapper deformity itself is hard to be 
detected by imaging. A suggestive feature is the 
abnormal direction of the long axis of the testis 
on the axial plane, in the right-to-left or 
anterior- posterior direction with the epididymis 
right upon the testis (Fig.  9.4 ). The deformity is 
more often recognized in heavily T2-weighted 
images when hydrocele is present and the 
tunica vaginalis completely encircles the 

 epididymis, distal spermatic cord, and testis 
rather than attaching to the posterolateral aspect 
of the testis.

9.4.4       Polyorchidism 

 Polyorchidism is a rare congenital abnormality 
where more than two testes are present which 
may have separate or common spermatic cords 
and epididymis. Although three testes is the most 
common form, as many as fi ve have been 
reported. In approximately 75 % of cases, the 
supernumerary testes are intrascrotal. Of the 
remaining cases, 20 % of the supernumerary tes-
tes are inguinal and 5 % retroperitoneal. On ultra-
sonography the accessory testis presents with the 
same echogenicity, echotexture, and vascular pat-
tern as the normal testes. On MR imaging it has 
the same signal characteristics as the normal tes-
tes: intermediate signal intensity on T1-weighted 
images, high signal intensity on T2-weighted 
images, and hyperintensity on DWI (Fig.  9.5 ). 
Thanks to its panoramicity and improved tissue 
characterization, MR imaging is helpful in mak-
ing a defi nitive diagnosis in case of equivocal 
ultrasound fi ndings or extrascrotal testes [ 22 ].

a b

  Fig. 9.3    An undescended testis located in the abdomen 
near the left iliac vessels. ( a ) Coronal T2-weighted image 
showing a normally descended right testis ( curved arrow ) 
and a small left testis adjacent to the left iliac vessels 
( arrowhead ). ( b ) Coronal diffusion-weighted image 

( b  = 1,000 s/mm 2 ) fails to show signal restriction of the 
retained testis ( arrowhead ), which was markedly dystro-
phic and poorly vascularized at surgery ( arrowhead ). The 
normally descended right testis ( curved arrow ) displays 
signal restriction       
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9.4.5       Testicular Adrenal Rests 

 Testicular adrenal rests derive from the hyperpla-
sia of aberrant adrenal cortical tissue that descends 
during prenatal life with the testes or ovary. In 
approximately 8 % of patients with congenital 
adrenal hyperplasia, the elevated levels of serum 
adrenocorticotropic hormone stimulates these 
rests to grow. They are bilateral in more than 80 % 

of cases, usually presenting as  palpable masses 
inside of or close to the mediastinum testis. 

 Testicular adrenal rests present on ultrasound 
as unilateral or bilateral lobulated masses with 
variable echogenicity located within or adjacent 
to the mediastinum testis. Acoustic shadowing 
may be due to fi brotic changes or calcifi cations. 
Lesions are isointense to the surrounding normal 
tissue of the testis on T1-weighted images and 
hypointense to the surrounding normal tissue of 
the testis on T2-weighted images with and with-
out fat suppression. Strong enhancement is dem-
onstrated after gadolinium administration.   

9.5    Ischemic Disorders 

 The mainstay of imaging ischemic scrotal 
 disorders is color Doppler ultrasonography. In 
high- degree torsion non-enhancement of the 
 testis after gadolinium administration has been 
reported as highly sensitive and specifi c for tor-
sion [ 14 ], but MR imaging is more expensive and 
time- consuming than color Doppler ultrasonog-
raphy and therefore has no or minimum practical 
role in the setting of acute scrotal pain. In low-
degree torsion perfusion is reduced compared 
with the healthy contralateral testis [ 23 ]. In acute 

  Fig. 9.5    Polyorchidism. Oblique-coronal T2-weighted 
image shows a single testis ( T ) on the right hemiscrotum 
and two testes ( asterisks ) in the left hemiscrotum       

a b

  Fig. 9.4    Surgically proved bell-clapper deformity. The 
patient had several episodes of acute scrotal pain on both 
sides which released spontaneously, interpreted as recur-
rent episodes of low-degree torsion with spontaneous 
detorsion. Coronal ( a ) and axial ( b ) T2-weighted images 

show the major axis of the testes laying on an axial plane, 
the right testis in right-to-left direction, the left in anterior- 
posterior direction. The epididymis ( E ) is right upon the 
testes in both sides       
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 testicular torsion, the testis has normal signal 
intensity on both T1- and T2-weighted images 
and high signal intensity on DWI [ 9 ]. The twisted 
spermatic cord is best demonstrated on transaxial 
T2-weighted and contrast-enhanced images [ 24 ]. 
In the subacute and chronic stages, the signal 
intensity of the testis changes due to necrosis and 
hemorrhagic components (Fig.  9.6 ).

9.5.1      Torsion of the Appendages 

 The normal appendages are typically seen only 
when hydrocele is present [ 25 – 27 ]. They usually 

display intermediate signal intensity on 
T2-weighted images. In appendiceal torsion, a 
twisted and swollen appendage is usually seen as 
a hyperintense oval structure on T2-weighted 
images lacking intralesional enhancement with 
ring-like perilesional enhancement on dynamic 
subtraction contrast-enhanced images [ 2 ,  28 ].  

9.5.2     Segmental Testicular 
Infarction 

 MR imaging has been claimed as a problem- 
solving technique in doubtful cases of segmental 

a

c

b

  Fig. 9.6    Long-standing high-degree left testicular tor-
sion. ( a ) Color Doppler interrogation shows an avascular 
left testis ( T ) and a twisted spermatic cord ( asterisk ). The 
paratesticular tissues display increased vascularization. 
( b ) T1-weighted coronal image with fat suppression 

shows inhomogeneous left testis ( T ) with high signal 
intensity due to hemorrhagic changes. ( c ) Gadolinium- 
enhanced subtracted image showing complete lack of vas-
cularization of the left testis ( T ) and slight hyperemia of 
the surrounding tissues       
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testicular infarction [ 29 ,  30 ]. On T1-weighted 
MR images, infarcts may appear isointense to the 
surrounding normal testicular parenchyma, occa-
sionally with foci of high signal intensity due to 
hemorrhage. 

 On T2-weighted images, the signal intensity is 
variable. The lesion is avascular after gadolinium 
contrast administration (Fig.  9.7 ), often with an 
enhancing perilesional rim in subacute infarction 
[ 29 ,  31 ]. Although segmental testicular infarction 
presents with characteristic MR features, this 

investigation is not commonly performed in our 
clinical practice, as similar information is pro-
vided by contrast-enhanced ultrasonography 
which is quicker and with a lower cost [ 32 ].

9.6        Infl ammation 

 MR imaging provides a panoramic view of the 
extension of the disease to adjacent organs in severe 
scrotal infl ammation. Involvement of the perineum 

a b

c d

  Fig. 9.7    Segmental testicular infarction. Patient present-
ing with acute left scrotal pain. ( a ) Color Doppler inter-
rogation shows an avascular, slightly hypoechoic area 
( asterisk ) in the upper pole of the left testis with perile-
sional hypervascularization. ( b ) T2-weighted coronal 
image showing the lesion ( curved arrow ) with inhomoge-

neous signal intensity. ( c ) T1-weighted image showing the 
hyperintense lesion ( curved arrow ) due to hemorrhagic 
changes. ( d ) Gadolinium-enhanced subtracted image 
shows lack of vascularization of the lesion ( curved arrow ) 
and slight perilesional hypervascularization       
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and/or abdominal region can be  investigated. MR 
imaging enables a diagnosis of postinfl ammatory 
testicular ischemia, testicular hemorrhagic and 
necrotic changes, epididymo- orchitis with abscess 
formation, and intrascrotal fi stulas [ 33 ]. In acute 
epididymitis the enlarged epididymis has increased 
signal intensity relative to the normal side on 
T2-weighted images and clearly shows intense 
contrast enhancement on dynamic subtraction con-
trast-enhanced images. Abscesses are typically 
hypointense on T1-weighted images, hyperintense 
on T2-weighted images, and display high signal 
intensity on DWI images. They do not enhance, 
while the surrounding tissues show avid 
enhancement.  

9.7    Testicular Masses 

 Not all intratesticular lesions are tumors, and not 
all testicular tumors are malignant. Granulomata, 
focal orchitis, fi brous pseudotumors, and sponta-
neous hematomas are often diffi cult to differenti-
ate from tumors on ultrasound examination. In 
many cases, however, it is suggested that the 
diagnosis integrates the history of the patient, 
clinical presentation, and the superior capability 
of MR imaging for tissue characterization and 
evaluation of intralesional fl ows. 

 The patient’s age at presentation is important. 
Germ cell tumors are prevalent in the young 
while lymphomas in the elderly, and some histo-
types are much more prevalent in prepuberal than 
in puberal boys. Clinical correlation is vital: 
many nonneoplastic intratesticular conditions are 
likely to manifest with acute scrotum. One needs 
to be cautious, however, because tumors can also 
occasionally manifest with pain. A history of 
fever or trauma may suggest a nonneoplastic ori-
gin as well. Tumor markers often help in the dif-
ferential diagnosis between testicular tumors and 
nonneoplastic lesions. Normal serum tumor 
markers, however, do not rule out testicular neo-
plasms. In any case, traumatic and infl ammatory 
changes evolve rapidly; if a nonneoplastic pathol-
ogy is suspected, a short-term follow-up exami-
nation will likely allow differential diagnosis 
with tumor. 

9.7.1    Dilated Rete Testis 

 Tubular ectasia of the rete testis is a benign 
 nonneoplastic condition thought to result from 
partial or complete obliteration of the efferent 
ducts. It is more common in men over the age of 
55 years, often bilateral, and frequently associ-
ated with spermatoceles. 

 Using modern ultrasonographic equipment, a 
tubular ectasia of the rete testis is characterized in 
virtually all patients; in case of doubt, however, 
MR can show the dilatation of multiple small 
tubules of the rete testis appearing hyperintense 
on T2-weighted and heavily T2-weighted images. 
After gadolinium administration no internal 
enhancement is seen [ 16 ].  

9.7.2    Testicular Epidermoid Cyst 

 The classic ultrasonographic appearance of 
 testicular epidermoid cyst is the “onion ring” 
 pattern, consisting in alternating rings of low and 
high echogenicity, which represent layers of kera-
tinized squamous epithelium. This appearance is 
virtually pathognomonic, but epidermoid cysts 
with an atypical appearance may be diffi cult to 
differentiate from tumors. On MR imaging an epi-
dermoid cyst typically shows on T2-weighted 
images alternating zones of high- and low signal 
intensity [ 1 ,  34 ,  35 ] and signal restriction on DWI 
[ 11 ]. This appearance, however, is not constant 
(Fig.  9.8 ). Signal intensity on T1-weighted images 
is variable. No matter the imaging features, 
 epidermoid cysts do not demonstrate internal fl ow 
on Doppler interrogation nor enhancement after 
gadolinium administration [ 16 ].

9.7.3        Spontaneous Testicular 
Hematoma 

 Spontaneous intratesticular hematoma is a rare 
entity with few reports in the literature, mimick-
ing a neoplasm on grayscale ultrasonography. 
Diagnosis of a nonneoplastic condition, however, 
is suggested as the lesion lacks vascularization on 
color Doppler interrogation and  contrast- enhanced 
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ultrasonography [ 36 ,  37 ]. MR imaging confi rms 
the diagnosis showing a lesion with the charac-
teristic signal changes of blood. No enhancement 
is seen after gadolinium contrast administration 
(Fig.  9.9 ). Follow-up is recommended to ascer-
tain lesion size reduction and signal intensity 
changes over time of the blood content.

9.7.4       Fat-Containing Masses 

 Testicular lipoma is a rare condition now being 
increasingly reported secondary to the  widespread 
use of scrotal sonography [ 38 – 40 ]. On 

 ultrasonography lipoma usually consists of a 
homogeneously hyperechoic non-shadowing 
lesion without fl ow on color Doppler interroga-
tion. The diagnosis is confi rmed on MR imaging 
which shows the signal intensity characteristics 
of fat in all sequences [ 22 ] (Fig.  9.10 ).

   Testicular lipomatosis is a recently described 
entity occurring in patients with Cowden disease 
and in Bannayan-Riley-Ruvalcaba syndrome [ 41 ] 
in which nonneoplastic fat-containing hamarto-
mas are seen. On ultrasonography testicular lipo-
matosis presents with multiple  non- shadowing, 
uniformly hyperechoic small round foci of  various 
sizes in both testes [ 42 ]. Although virtually 

a

c

b

  Fig. 9.8    Epidermoid cyst presenting as a palpable nodule 
of the left testis. ( a ) Grayscale ultrasonography showing a 
slightly inhomogeneous lesion isoechoic to the surround-
ing normal tissue of the testis, with a few wall calcifi ca-
tions ( asterisk ). ( b ) Sagittal T2-weighted image shows a 

slightly hyperintense nodule ( asterisk ) with hypointense 
wall. ( c ) Coronal T1-weighted image showing the lesion 
( asterisk ) isointense to the surrounding normal tissue of 
the testis, which was completely avascular after gadolin-
ium contrast administration (not shown)       
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 diagnostic of testicular lipomatosis in the context 
of known Cowden disease, this pattern may also 
be due to fi brotic changes and other conditions. 
MR imaging allows differential diagnosis show-
ing multiple foci in both testes with the signal 
intensity characteristics of fat [ 43 ].  

9.7.5     Calcifying, Sclerosing, 
and Fibrotic Lesions 

 Heavily calcifi ed adrenal rests [ 3 ], epidermoid 
cysts with peripheral and intralesional calcifi ca-
tions, calcifi ed intratesticular hematomas, and 
 calcifying, sclerosing, and fi brotic tumors such as 

cavernous hemangioma [ 44 ], large-cell calcifying 
Sertoli cell tumor [ 34 ], and sclerosing Sertoli cell 
tumor [ 45 ] cannot be investigated effectively with 
ultrasonographic modes due to back attenuation. 
MR imaging is indicated in these patients to evalu-
ate the lesion, attempt tissue characterization, and 
investigate whether it is vascularized or not [ 45 ].  

9.7.6     Heavily Calcifi ed and Strongly 
Heterogeneous Testes 

 MR imaging is indicated to rule out clinically sus-
pected testicular lesions in patients with 
 heterogeneous testicular parenchyma on 

a

c

b

  Fig. 9.9    Spontaneous testicular hematoma. The patient 
presented with acute left scrotal pain for 3 h with no his-
tory of trauma. ( a ) Color Doppler interrogation shows an 
inhomogeneously hypoechoic left testicular lesion lacking 
vascularization ( asterisk ). ( b ) Coronal T1-weighted image 
obtained within 24 h after ultrasonography shows an 

 inhomogeneous isointense lesion ( asterisk ) which was 
avascular after gadolinium contrast administration (not 
shown). ( c ) Follow-up MR investigation obtained 2 months 
after the previous study. Coronal T1-weighted image shows 
a hyperintense lesion ( asterisk ) which is reduced in size, 
characterized by hypointense rim due to blood degradation       
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 ultrasonography (Fig.  9.11 ); testicular fi brotic 
changes either after infl ammation, surgery, or 
trauma; multiple testicular calcifi cations; or micro-
lithiasis with heavily calcifi ed testes. Fibrosis, in 
particular, can be very worrisome on ultrasonogra-
phy, but the low signal intensity in T1- and 
T2-weighted images, sometimes radiating from 
the mediastinum, is indicative of a benign lesion.

9.7.7       Other Testicular Neoplasms 

 A recent study shows that T2-weighted and 
contrast- enhanced T1-weighted images have the 
potential to characterize seminomatous from 
 nonseminomatous testicular neoplasms [ 46 ]. 
A  seminoma usually presents as a rounded 
or  multinodular sharply defi ned lesion with 

 predominantly low signal intensity on 
T2-weighted images. Fibrovascular septa show-
ing greater enhancement than tumor tissue after 
gadolinium administration are typically detected. 
Nonseminomatous tumors usually appear as het-
erogeneous masses on T2-weighted images with 
heterogeneous enhancement after gadolinium 
administration. In our experience, however, this 
appearance is far from sensitive or specifi c. 
Dynamic contrast-enhanced MR imaging defi nes 
three different types of time-intensity curves. In 
type I the signal gradually continues to increase; 
in type II an initial upstroke is followed by either 
a plateau or a gradual increase in the late phase; in 
type III an initial upstroke is followed by gradual 
washout. The normal testis is characterized by an 
enhancement with a type I curve, while type II is 
prevailing in benign lesions and type III in 

a b

c

  Fig. 9.10    Testicular lipoma. ( a ) Grayscale ultrasonogra-
phy shows a small hyperechoic right testicular lesion 
( arrowhead ). ( b ) The lesion ( arrowhead ) is hyperintense 

on axial T1-weighted image and displays signal loss in the 
T1-weighted fat-suppressed image ( c )       
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 malignant lesions [ 47 ]. Malignant tumors often 
show increased signal restriction in DWI com-
pared to the normal testis [ 10 ]. Despite these 
promising results, in the common clinical  practice 
the evaluation of time-intensity curves and ADC 
values is unable to differentiate benign and malig-
nant testicular lesions clearly.   

9.8    Paratesticular Lesions 

 Approximately 70 % of paratesticular tumors are 
benign. Ninety percent are found in the spermatic 
cord followed by the epididymis and testicular 

tunicae. Lipoma is the most common tumor of 
the spermatic cord in adults followed by leiomy-
oma, lymphangioma, and angioleiomyoma [ 16 ]. 
While liposarcoma is the most common malig-
nant neoplasm of the spermatic cord in adults, 
rhabdomyosarcoma is the most common parates-
ticular neoplasm in children and adolescents. 
Other sarcomas are rare. Adenomatoid tumor 
accounts for approximately one-third of all neo-
plasms of the paratesticular tissues. This benign 
lesion is more frequent in the tail of the epididy-
mis but may develop anywhere in the epididymis 
and also in the spermatic cord and tunica albu-
ginea, where it can mimic a testicular lesion. 

a

c

b

d

  Fig. 9.11    MR investigation of a patient with inconclusive 
ultrasonographic scan. ( a ) Grayscale ultrasonography 
shows a markedly inhomogeneous right testis. ( b – d ) 

T2-weighted, T1-weighted, and T1-weighted fat- 
suppressed images obtained after gadolinium contrast 
administration allow to ruling testicular lesions       
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 Tumors of the tunicae and of the scrotal wall 
are very rare. The most common are malignant 
mesothelioma of the tunica vaginalis of the testis 
and scrotal hemangioma. Metastatic deposits are 
seen in patients with a known malignancy in an 
advanced stage. 

9.8.1    Scrotal Hemangioma 

 In patients with large scrotal hemangiomas, MR 
imaging is indicated to determine the anatomic 
extension of the lesion to the penis, scrotum, and 
anterior perineum. The lesion appears as a lobu-
lated scrotal mass with intermediate signal inten-
sity on T1-weighted images and high signal 
intensity on T2-weighted images (Fig.  9.12 ). 
Focal areas of signal void consistent with a 
thrombus can be recognized.

9.8.2        Extratesticular 
Epidermoid Cysts  

 Extratesticular epidermoid cysts are rare [ 48 ]. 
Infl ammation leads to calcifi cation of the cystic 
wall with subsequent calcifi cation of the content. 

Complete local excision is considered the 
 treatment of choice. 

 At ultrasonography the appearance of extra-
testicular epidermoid cysts varies from anechoic 
to hyperechoic depending on their content. 
Calcifi ed lesions are echogenic with back atten-
uation. On MR imaging extratesticular epider-
moid cysts are usually thin-walled, hypointense 
on T1-weighted images, and hyperintense on 
T2-weighted images and show signal restriction 
on DWI images. However, they may show heter-
ogenous intensity on both T1- and T2-weighted 
images due to inner dense keratinous materials. 
Signal intensity is low in heavily calcifi ed 
lesions. Gadolinium-enhanced images usually 
show only peripheral wall enhancement 
(Fig.  9.13 ).

9.8.3       Fibrous Pseudotumor 

 Fibrous pseudotumor represents a benign reactive 
fi brous proliferation that results in one or several 
paratesticular nodules, usually arising from the 
tunica vaginalis. It is the third most common extra-
testicular mass after lipoma and adenomatoid 
tumor. Lesions as large as 8 cm have been reported. 
There is hydrocele in 50 % of cases. Local exci-
sion can be performed and orchiectomy avoided. 
On ultrasonography, the typical appearance of 
fi brous pseudotumor is a hypoechoic mass or sev-
eral tunical masses, sometimes with internal calci-
fi cations. On MR imaging, fi brous pseudotumors 
show uniformly intermediate-to-low signal inten-
sity on T1-weighted images and are markedly 
hypointense on T2-weighted images (Fig.  9.14 ), 
with slow but persistent enhancement [ 22 ].

9.8.4       Other Extratesticular Tumors 

 Fat-containing lesions can be characterized on 
MR imaging (Fig.  9.15 ), but lipoma may be 
 diffi cult to differentiate from liposarcoma. 
Lymphoma is suspected when a diffuse infi ltra-
tion of the spermatic cord by tumor tissue is seen, 
surrounding the spermatic vessels whose course 
and caliber are preserved. Tumor tissue is 

  Fig. 9.12    Giant penoscrotal cavernous hemangioma. 
T2-weighted sagittal MR image showing a high-signal- 
intensity lesion involving the scrotum ( asterisk ), the ante-
rior portion of the perineum ( curved arrow ), and the 
dorsal aspect of the penis ( arrowheads )       
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 markedly hypervascular after gadolinium  contrast 
administration, homogeneously hypointense on 
T2-weighted images, isointense to the surround-
ing normal tissue of the testis on T1-weighed 
images, and lacking fat tissue [ 49 ]. High signal 
intensity is found on diffusion-weighted images 
(DWI), as occurs for lymphomas elsewhere in 
the body.

   The MR imaging appearance of the other extra-
testicular scrotal tumors is not specifi c. Scrotal 
metastatic deposits are indistinguishable from 
primary neoplasms. A preliminary  investigation 
suggests that hypointensity on DWI and increased 

ADC are in favor of benign  paratesticular 
lesions [ 10 ].   

9.9    Inguinal-Scrotal Hernia 

 Though physical examination and ultrasonogra-
phy allow for accurate diagnosis in most cases, 
MR examination can be indicated in patients with 
inconclusive fi ndings. Fat tissue such as the 
omentum and mesentery, protruding through the 
inguinal canal, usually shows high signal inten-
sity on T1-weighted images and low signal 

a

c

b

  Fig. 9.13    Epidermoid cysts of the scrotal wall. T2-weighted 
( a ) and T1-weighted sagittal images with fat suppression ( b ) 
show two well-demarcated masses, the larger with interme-
diate signal intensity on T2-weighted images ( curved arrow ) 
and the smaller with low signal intensity ( arrowhead ). Both 

lesions display relatively high signal intensity on T1-weighted 
images. ( c ) Subtraction images obtained after gadolinium 
contrast administration show no enhancement with mini-
mum enhancement of the cystic wall ( curved arrow ). The 
smaller nodule ( arrowhead ) was partially calcifi ed       
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 intensity on T1- and T2-weighted images with fat 
suppression. Vessels of the omentum and/or mes-
entery appear as curvilinear structures. Herniation 
of bowel loops and of other viscera, such as the 
urinary bladder, can be investigated.  

9.10    Varicocele 

 Although color Doppler ultrasonography is the 
modality of choice for imaging varicocele, this 
pathological condition may be an incidental fi nd-
ing on MR imaging in patients investigated for 
other purpose. The MR appearance of varicocele 
consists of multiple, serpiginous, tubular struc-
tures with varying sizes larger than 2 mm in 
diameter that are usually best visualized superior 
and lateral to the testis. Signal intensity charac-
teristics may vary depending on the speed of fl ow 
within the dilated vessels. Slow-fl owing varico-
celes often have intermediate signal intensity on 
T1-weighted images and high signal intensity on 
T2-weighted images. A signal void may be seen 
in those with higher velocity fl ow. Enhancement 
is appreciable after gadolinium contrast adminis-
tration. Since varicocele may affect testicular 
growth [ 50 ], testicular volumes should be sys-
tematically measured, and the signal intensity of 
the parenchyma should be investigated.  

9.11    Trauma 

 If the tunica albuginea is intact, a testicular 
trauma can be managed conservatively, while 
immediate operation is usually necessary if 
albugineal disruption is suspected. MR imaging 
provides additional clinically useful informa-
tion in patients with equivocal fi ndings for albu-
gineal disruption on ultrasound. The tunica 
albuginea is well visualized as a low-signal-
intensity line which is interrupted in testicular 
rupture. In a series of seven patients with blunt 
scrotal traumas evaluated with MR imaging 
before surgical exploration, the presence or 
absence of albugineal rupture was identifi ed 
correctly in all cases. Associated parenchymal 
ischemia and hematomas are identifi ed as areas 
lacking vascularization after gadolinium con-
trast administration. In testicular hematomas 
characteristic signal changes with time are 
appreciated on T1- and T2-weighted images, as 
methemoglobin within subacute blood is hyper-
intense on T1-weighted images while hemosid-
erin deposition produces a low-signal-intensity 
rim on T2-weighted images. Lack of internal 
enhancement eases differential diagnosis with 
hypovascular tumors, which  display contrast 
enhancement after administration of gadolinium 
contrast material in virtually all cases.  

a b

  Fig. 9.14    Fibrous extratesticular pseudotumor. ( a ) Ultraso-
nography shows a hypoechoic lesion ( asterisk ) causing com-
pression of the testicular parenchyma arising from the tunica 

albuginea or from the visceral lamina of the tunica vaginalis. 
( b ) T2-weighted axial image confi rms the extratesticular 
location of the low-signal- intensity lesion ( asterisk )       
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   Conclusion 

 Concern is rising that a variety of scrotal 
lesions are benign, and surgical exploration 
can be avoided in many cases, provided that a 
fi rm preoperative diagnosis is reached. 
Ultrasonographic modes have virtually abso-
lute sensitivity for lesion identifi cation, but 
characterization is limited. Moreover, situa-
tions exist in which ultrasonography is incon-
clusive. Although in the majority of cases the 
MR appearance of the different intratesticular 
and extratesticular tumors is not specifi c, in 
selected cases MR imaging allows a specifi c 
diagnosis based on the identifi cation of fl uid 
or of hematic, fi brotic, and fatty components. 

Avascular benign lesions can be differentiated 
effectively from hypovascular tumors due to 
higher sensitivity of fl ow compared to color 
Doppler interrogation.     
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        Magnetic resonance (MR) urography has become 
an integral part of the recently emerging advances 
that involve clinical uroradiology. MR urography 
has received a relatively lower attention than 
multidetector CT (MDCT) urography, being 
hampered by the low spatial resolution which is 
crucial for calyceal evaluation and by the require-
ment of updated MR units. However, excellent 
contrast resolution and lack of ionizing radiation 
make MR urography a technique to be consid-
ered for noninvasively evaluating the entire uri-
nary tract, especially when ionizing radiation is 
to be avoided, such as in pediatric or pregnant 
patients. 

 The MR urographic techniques can be divided 
into two categories: static-fl uid MR urography 
and excretory MR urography. The static-fl uid 
MR urography utilizes unenhanced, heavily 
T2-weighted pulse sequences to image the uri-
nary tract. On the heavily T2-weighted images, 
the urinary tract is hyperintense because of its 
long relaxation time, independent of the excre-
tory renal function. This technique is ideally 
suited for patients with dilated or obstructed col-
lecting system. 

 In excretory MR urography, intravenous 
 gadolinium is combined with a T1-weighted 3D 
gradient echo (GRE) sequence. The practicabil-
ity of excretory MR urography depends on the 
ability of the kidneys to excrete the intravenously 
administered gadolinium agent. Administration 
of low- dose furosemide can improve the quality 
of excretory MR urography by enhancing urine 
fl ow and therefore providing a uniform distribu-
tion of the contrast material inside the entire uri-
nary tract. Excretory MR urography provides 
high- quality images of both non-dilated and 
obstructed collecting systems. 

 Beginners in MR urography are encouraged 
to try these new techniques, which are quite 
easy to put into operation. The various unen-
hanced T2-weighted and gadolinium-enhanced 
T1-weighted MR urographic techniques are 
described next in this chapter. 

10.1     Technical Considerations 

10.1.1     Equipment 

 Magnetic resonance urography requires high 
magnetic fi eld magnets (1.5–3 T) with powerful 
gradients and fast slew rate. Different surface 
coils may be employed, and the body coil alone 
could also offer good images. However, the use of 
phased array coils is important to increase signal- 
to-noise ratio (SNR) and especially to obtain 
rapid imaging in order to avoid motion artifacts. 
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 The use of 3 T magnets allows an increase in 
SNR or to study larger volumes even if there are 
no unambiguous data about a real improvement 
of diagnostic accuracy. The drawback of using 
3 T MR scanner is the introduction of more 
magnetic susceptibility artifacts and problems 
related to the extension of T1 with possible 
repercussions on the contrast T1-weighted 
images [ 1 ].  

10.1.2     Imaging Protocol 

 MR sequences for the study of the urinary tract 
are divided into (a) static-fl uid MR urography 
sequences characterized by high T2W that exploit 
the long T2 relaxation time of urine [ 2 ] and (b) 
excretory MR urography (CE-MRU) sequences 
characterized by T1W which allow the evalua-
tion of the excretory phase through the use of 
paramagnetic contrast agent. 

 Static-fl uid MR images can be obtained with 
two types of sequences. The fi rst is to perform a 
thick (6–8 cm) single-shot fast spin echo T2W 
(T2 SSFSE) sequence with coronal scanning 
planes with a large fi eld of view (FOV) that 
includes the entire urinary tract from the upper 
renal pole to the bladder. The acquisition time for 
each slab is about 3–8 s. Usually are acquired 6–8 
projections. The individual acquisitions must be 
at least 10–15 s in order to allow the saturation of 
the tissues. 

 SSFSE T2-weighted sequences take advan-
tage of the long T2 relaxation time of urine 
(Fig.  10.1 ). They are characterized by a low spa-
tial resolution and relatively low SNR. Multiple 
acquisitions repeated over time can improve the 
evaluation of the ureters and help distinguish 
between stenosis and peristaltic contractions. 
SSFSE T2-weighted sequences can be obtained 
in apnea or respiratory-triggered.

   The second method consists in the acquisition 
of multiple thin layers (multislice technique, 
3–5 mm thick) with 3D TSE (or SSFSE) T2W 
sequences subsequently processed with various 
algorithms including the most widely used MIP 
algorithm. For improved urographic image qual-
ity on oblique and lateral MIP images, a 50 % 

overlap between the source images is recom-
mended and should be considered during the 
evaluation of both partition images and 3D recon-
structions. Compared to the previous these 
sequences have the advantage of allowing an 
improved assessment of details. The longest 
duration and possible masking by other struc-
tures are among the disadvantages that should be 
remembered (e.g., ascites, bowel loops, etc.). The 
3D TSE T2-weighted sequences are obtained 
with respiratory triggering (Fig.  10.2 ).

   T2-weighted sequences are indicated in par-
ticular for hydronephrosis assessment not allow-
ing, however, to recognize the cause of the 
obstruction [ 3 ]. Static-fl uid MR urography does 
not require the excretion of contrast agent and is 
therefore useful for demonstrating the collecting 
system of an obstructed, poorly excreting kidney 
[ 4 ]; it permits the assessment of the urinary tract 

  Fig. 10.1    Image of static-fl uid MR urography (SSFSE 
T2) 8 cm thick which demonstrates considerable right 
hydroureteronephrosis (fi brous tissue due to multiple epi-
sodes of endometriosis in the distal third of the ureter)       
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in particular if it is dilated, while it is not accurate 
in the evaluation of the urinary tract in poor con-
dition or just not dilated. In these latter cases 
(patients with non-dilated systems), the use of 
hydration, diuretics, and, according to some 
authors, compression may enhance the quality of 
MR urography [ 5 ]. 

 CE-MRU images are obtained with fat- 
suppressed 3D GE T1W sequences (THRIVE, 
VIBE, LAVA, etc.) after the administration of 
intravenous contrast agent. The recommended 
acquisition plan is coronal with a wide FOV in 
order to allow the study of the entire urinary tract 
in one acquisition. To obtain a better spatial reso-
lution, in particular for the study of the intrarenal 
urinary tract, it is good to use a kidney-targeted 
FOV. 3D sequences will result in about 70 layers 
of 1.5 mm, which have to be reconstructed with 
MIP algorithm (Fig.  10.3 ).

   During reporting both partition and recon-
struction images are evaluated. For patients with 
a limited capacity to hold their breath, the use of 
EPI sequence (reduced acquisition time) has 
been described; these techniques are character-
ized, however, by low spatial resolution [ 6 ]. The 
3D GE T1W sequences are obtained with the 
breath-hold technique. It has been shown that 
the use of standard doses (0.1 mmol/kg) of gado-
linium has as a consequence an excessive con-
centration of the latter in the urinary tract which 
reduces the signal intensity of the urine due to 
T2* effects. Best results are obtained with 
reduced doses (0.01–0.05 mmol/kg) [ 7 ]. 
Recently the use of a liver-specifi c contrast agent 
with minimal renal excretion (Gd-EOB-DTPA) 
which would allow adequate signal from the uri-
nary tract in the absence of T2* artifacts has 
been proposed. The quality of MR urography 

a

e

b c d

  Fig. 10.2    Multislice acquisition partition images ( a – d ) 
(3D TSE T2W, 3 mm thick) that demonstrate a small 
hypointense area in the context of the renal pelvis, only 

intuitable in MIP elaborations ( e ). It refers to the presence 
of a millimetric calculi       
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images is also improved by the administration of 
a diuretic (furosemide) at a relatively low dose of 
0.05–0.1 mg/kg from 1 to 5 min before the 
administration of contrast agent. Furosemide 
leads to greater distension of the urinary tract, 
better distribution of contrast agent, and reduced 
concentration of the latter in the urine, thus 
reducing the T2* effect. The contraindications to 
the administration of furosemide are hypersensi-
tivity to the drug, hypotension, and anuria, so 
there are no absolute contraindications 
(Fig.  10.4 ) [ 8 – 12 ].

   Another possible MR study is the use of 
 diffusion- weighted imaging (DWI) sequences , 

which provides functional but not anatomical 
information, in particular about the degree of 
freedom of movement of the water molecules 
inside cells and tissues. The sequences most 
commonly used are the echo planar (EPI) with 
selective saturation of fatty tissue, if possible 
optimized using respiratory gating; they are fast 
running, but with poor spatial resolution. We 
recommend the use of at least a pair of b-values 
(usually 0 and a b-values ranging between 800 
and 1,000 s/mm 2  × 10 –3  with 1.5 T magnets), in 
order to create a corresponding ADC map and to 
avoid, or at least resolve, typical artifacts as, e.g., 
“shine-through.” Tissues in which cells are 

a b  Fig. 10.4    Patients with 
polycystic kidneys (APDK); 
static-fl uid- MR urography 
SSFSE T2W 8 cm thick 
( a ) where the pelvis and 
calyces are not properly 
evaluated in relation to the 
high signal intensity from 
multiple cysts; MIP 
processing sequence of 
excretory MR urography 
3D GE T1 THRIVE 
( b ) in which the intra- and 
extrarenal excretory pathways 
are the only ones appearing 
hyperintense (which do not 
exhibit expansion)       

a b c d

  Fig. 10.3    3D GE T1 THRIVE partition images with 1.5 mm-thick ( a – c ) and relative MIP reconstruction (5 cm) ( d ) 
focused on the left kidney and urinary tract       
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highly packed, or in which cells show a high 
 nucleus- cytoplasm ratio, will tend to have a high 
signal in DWI sequences and consequently low 
intensity in ADC maps, as well as low numerical 
value of ADC, and vice versa. In clinical prac-
tice, these sequences may be useful, for exam-
ple, in the differential diagnosis between 
hydronephrosis (Fig.  10.5 ) and pyonephrosis 
(the presence of purulent material determines 
signal restriction which can be seen as a hyperin-
tensity in DWI and hypointensity on the ADC 
maps), in the evaluation of extension and espe-
cially in follow-up of pyelonephritis and 
abscesses without the need to use a contrast 
agent (e.g., pregnant women), as well as in the 
differential diagnosis between different masses 
(although there is still no uniqueness on the val-
ues of the ADC, often too similar between 
tumors histologically different), in which the 
neoplastic lesion tends to have higher signal 
restriction than that of the adjacent renal tissue, 
due to the high cellularity, usually seen in 
malignancies.

   In addition to the sequences targeted for the 
study of the urinary tract are performed sequences 
for the study of renal parenchyma.  

10.1.3     Patient Preparation 

 The patient usually lies supine with the arms 
raised above the head. Patients should empty the 
bladder before starting the exam. The use of oral 
negative contrast material to avoid hyperintense 
signal from intestinal loops may be useful even if 
not habitually used.   

10.2     Clinical Applications 

10.2.1     Congenital Anomalies 

 MRI is appropriate for the study of various con-
genital anomalies such as duplication of the 
excretory system, megaureter, and ureteropel-
vic junction (UPJ) obstruction syndromes [ 13 , 
 14 ]. Duplication of the ureter may be incom-
plete or complete (Fig.  10.6a ), and in the latter 
case the upper ureter pole typically inserts infe-
rior and medial to the lower pole ureter and is 
more frequently the site of obstruction and may 
be associated with ureterocele (Fig.  10.7 ). MRI 
also allows evaluation of possible ectopic 
outlets.

a b c d

  Fig. 10.5    SE breath-hold image T2W-SENSE with a 
thickness of 3 mm ( a ) that shows the presence of a moder-
ate dilatation of the right renal pelvis in a context of 
hydronephrosis, with only a slight inhomogeneity of sig-
nal; DWI with b = 500 ( b ), signal intensity of the content 
of the renal pelvis comparable to that of the adjacent 
parenchyma, in relation to the T2* effect of urine that 

determines the permanence of high signal intensity in the 
sequences with DWI values b to medium–low; DWI with 
 b  = 1,000 ( c ) where you can appreciate the distinct hypoin-
tensity of the content of the renal pelvis, evidence of the 
high diffusibility of water molecules, confi rmed in its 
ADC map that shows clear hyperintensity ( d )       
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  Fig. 10.7    SE T2W breath-hold image SENSE 3 mm 
thick ( a ), acquired on a coronal plane passing through the 
bladder, which demonstrates the presence of a round mass 
with well-recognizable walls, regular and hypointense, 
with internal signal intensity comparable to that of the 

bladder urine; in partition image ( b ) of multislice 3D TSE 
T2W acquisition (with a thickness of 3 mm), the presence 
of similar mass is observed also on the left, in a context of 
bilateral ureterocele, comparable to what is observed in 
the echo-Doppler imaging ( c )       

a b

c

a b

  Fig. 10.6    ( a ) Static-fl uid MR SSFSE T2W with a thick-
ness of 8 cm which demonstrates a left double district with 
hydroureteronephrosis originating from the upper third of 
the kidney; ( b ) MIP processing of the excretory MR urog-
raphy sequence 3D GE T1W THRIVE: it provides not 
only morphological but also functional information, 

 demonstrating delayed opacifi cation of the ureter 
 originating from the upper third; it is possible to appreciate 
the dilatation of the renal pelvis and major calyces, attrib-
utable to reduced and delayed excretion capacity of that 
portion of the kidney; opacifi cation of the urinary tract 
originating from the middle and lower third is normal       
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    Ureteropelvic junction (UPJ) obstruction 
 syndrome is the most frequent reason of urinary 
obstruction in children. There are many different 
causes, and among the more frequent we can list 
scars, vascular compressions, and impaired ure-
teral innervation. UPJ is the most common site of 
urinary obstruction in children. In vascular com-
pression cases may be useful to perform an angi-
ography sequence to clearly demonstrate the 
responsible vessel (Fig.  10.8 ).

10.2.2        Urolithiasis 

 MR imaging is useful, in second place than 
 ultrasonography, especially in the evaluation of 
urolithiasis in pediatric patients and pregnant 
women [ 14 ]. Most urinary tract calculi appear 
as signal voids in both T1W and T2W sequences. 
At both static-fl uid and excretory MR urogra-
phies, calculi appear as hypointense surrounded 
by urine or contrast material that is  hyperintense 

a b

c d

  Fig. 10.8    A right kidney-targeted image SE T2W breath- 
hold SENSE with a thickness of 3 mm ( a ) acquired on the 
axial plane, which shows a moderate hydronephrosis of 
the pelvis and calyces. ( b ) MIP processing of excretory 
MR 3D GE T1W THRIVE sequence shows an abrupt 
change in caliber, on the right, between the renal pelvis 
and ureter at the ureteropelvic junction. Oblique MPR 

obtained from 3D GE T1W THRIVE sequences ( c ) and 
three-dimensional volume-rendered image ( d ) performed 
after injection of contrast material highlight the presence 
of a lower polar renal artery; in the segment below the 
ureter shows a normal caliber in a context to be referred to 
ureteropelvic junction syndrome       
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(Fig.  10.9 ). T2-weighted sequences also allow 
to highlight the ureteral edema and  perinephric 
and periureteral fluid with suffusion of fat at 
these sites. Small stones can be misunder-
stood, especially in static-fluid MR images of 
large thickness. In this regard, the partition 
images of the 3D TSE sequences and 
 conventional additional sequences at the site 
of the obstruction are useful (Figs.  10.9 ,  10.10 , 
and  10.11 ).

     Differential diagnoses to be considered are 
blood clots and cancer. The fi rst are characterized 
by a high T1 signal, while neoplasms often have 
enhancement after administration of contrast agent.  

10.2.3     Infections 

 When urinary infections involving the lower 
 urinary tract often resolve spontaneously and 

a b  Fig. 10.9    SE T2W-SENSE 
image with a thickness of 
3 mm ( a ) acquired in the 
axial plane that highlights the 
presence of a roundish 
hypointense signal of about 
1 cm at the level of the right 
ureteral meatus, attributable 
to the presence of a calculus, 
which determines hydroure-
teronephrosis on the upper 
tract, as can be seen in the 
image of static-fl uid MR ( b ), 
in a patient with double 
district ureter on the right       

a b c

  Fig. 10.10    Patient with a history of left renal colic; excre-
tory RM images ( a ,  b ) demonstrate that there are neither 
dilation of the urinary tract nor particular images related to 

the presence of calculi; the CT image ( c ) instead shows the 
presence of a voluminous gallstone formation in the con-
text of a calyx in the lower group of the left kidney       
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do not require recourse to imaging and when 
there is instead the involvement of both the 
renal parenchyma and urinary tract, particularly 
in cases of diffi cult healing, MRI may be par-
ticularly helpful. Vesicoureteral refl ux (VUR) 
is present in approximately 1 % of children and 
is associated with an increased risk of pyelone-
phritis and renal scarring [ 15 ]. Voiding cysto-
urethrography (VCUG) remains the gold 
standard for detecting vesicoureteral refl ux 
(VUR). However, VCUG is an invasive exami-
nation causing huge distress to both patients 
and parents [ 16 ]. It is not our intention to treat 
this topic in this chapter, although it should be 
noted that there are new techniques (without 
the use of ionizing radiation) as MR voiding 
cystography that with a real-time interactive 
MR fl uoroscopic technique on an open MRI 
magnet is feasible for the evaluation of VUR in 
children [ 17 ,  18 ]. 

 In bacterial infections, static-fl uid MR 
sequences may demonstrate dilation of the uri-
nary tract. In the case of pyonephrosis, the T2 
intensity is reduced compared to the one of 
hydronephrosis as a consequence of the presence 
of pus and cellular debris. In these cases DWI 
sequences may be useful to differentiate from 
hydronephrosis (accelerated diffusion) and 

 pyonephrosis, which have restricted diffusion 
(Figs.  10.12  and  10.13 ).

    In tubercular patterns of disease static-fl uid 
and excretory MR urography sequences demon-
strate the presence of dilated calyces with parti-
cles included (from papillary necrosis and 
calcifi cations), infundibular stenosis, and multi-
ple level involvement of the ureter that shows ste-
notic stretches often interspersed by dilated 
segments. Conventional sequence association is 
fundamental to better characterize the stenosis 
that is usually represented by wall thickening 
without focal signs of mass.  

10.2.4     Benign Strictures 

 They are often the result of intrinsic infl amma-
tory diseases (e.g., appendicitis, endometriosis, 
Crohn disease, etc.), infections (e.g., tuberculo-
sis), radiation therapy, and surgical or interven-
tional procedures. 

 Benign strictures are characterized by ureteral 
wall thickening typically not associated with a 
soft tissue mass. Excretory MR urography 
sequences can distinguish between partial and 
total obstruction and are also helpful in gauging 
the severity (Fig.  10.14 ).

a b c

  Fig. 10.11    Particular static-fl uid MR SSFSE T2W image 
( a ) of the right kidney (thickness of 5 cm) where it is pos-
sible to appreciate only a very small signal inhomogeneity 
in the context of the renal pelvis, possible expression of 
partial volume; a thin layer (thickness of 2.5 mm) SE T2 

breath-hold SENSE image ( b ) and partition image 
( c ) with a thickness of 2 mm from static-fl uid MR mul-
tislice 3D TSE T2W acquisition show the same, the pres-
ence of millimetric roundish hypointensity attributable to 
the presence of small calculus       
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   Extrinsic narrowing of the ureters may occur 
with numerous pathologies of the pelvis such as: 
fl uid collections, uterine fi broids, etc.  

10.2.5     Urothelial Carcinoma 

 Transitional cell carcinoma (TCC) is the most 
common urothelial tumor. Although it rises more 
frequently from the bladder, it occurs even in the 
upper urinary tract. TCCs can appear as sessile 
fi lling defects or wall thickening [ 19 ]. CT has to 
be considered as the technique of choice for the 
detection of urothelial carcinoma thanks to its 

higher spatial resolution. On the other hand, 
MRU and particularly static-fl uid MRU could 
visualize collecting system without contrast 
medium administration thanks to the high intrin-
sic contrast resolution [ 20 ]. So it may be a useful 
tool in patients with renal function impairment or 
with a contrast excretion too limited to allow 
tumor detection. TCC appearance differs accord-
ing to the dimension and the degree of invasion. 
Small TCC appears as fi lling defect, hypointense 
inside hyperintense urine on T2W, isointense to 
renal parenchyma on T1W, and with mild 
enhancement after contrast medium administra-
tion. Subtracted images may help in  demonstrating 

Diagnosis 14 day 32 day

a b c

d e

  Fig. 10.12    DWI targeted on the right kidney with 
 b  = 1,000 ( c ) in patient with a history of pyelonephritis 
arising after childbirth; at diagnosis ( a ) multiple areas of 
intense signal restriction are visible, referring to multiple 
abscesses and ischemic parenchyma, which correspond to 

that detectable in 3D GE T1W THRIVE sequences after 
contrast agent injection ( d ); after 14 days ( b ) reduction of 
areas with restricted diffusion is seen, which disappear at 
control performed 1 month after ( c ); fi nding also con-
fi rmed by the gadolinium-enhanced sequences ( e ).       
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enhancement to differentiate TCC from other 
small fi lling defects, like clots (Fig.  10.15 ). TCC 
may appear as a focal enhancing urothelial thick-
ening; in this case the differential diagnosis with 
infl ammatory disease is diffi cult. Larger infi ltra-
tive masses may obliterate the renal sinus or 
invade the renal parenchyma, preserving renal 
shape, or may extend along the collecting system. 
In this case TCC is typically hypointense- 
isointense to renal parenchyma on T2W with a 
low-grade enhancement on postgadolinium T1W, 
but larger masses could heterogeneously enhance. 

DWI shows hyperintense signal, indicating 
restricted diffusion [ 21 ]. With increasing size 
ureteral neoplasms manifest as irregular wall 
thickening with focal enhancement after contrast 
medium.

10.2.6        Postoperative Lower Urinary 
Tract Fistulae and Leakages 

 Urinary leakages or fi stulae are rare complica-
tions that can be seen following various surgical 

Hydronephosis Pyonephrosis

a b

c d

e f

  Fig. 10.13    T2-weighted ( a ,  b ) and DWI comparison with 
 b  = 1,000 ( c ,  d ), with relative ADC map  b  = 0–1,000 ( e ,  f ). 
Subtle signal inhomogeneity in the context of the renal 
pelvis in T2-weighted images ( a ,  b ); homogeneous 
hypointensity of the pelvis in DWI sequences in a case of 
hydronephrosis ( c ), sign of high diffusibility, in sharp 
 contrast to the fi ndings in the case of pyonephrosis, where 

it is possible to appreciate marked hyperintensity ( d ), the 
result of marked restriction; these characteristics are con-
fi rmed in the relative ADC map images ( e ,  f ), where the 
urine hyperintensity in  hydronephrosis and the classical 
hypointensity of pyonephrosis associated with the puru-
lent material       
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procedures (from cesarean section to ureterec-
tomy), trauma, tuberculosis of the genital tract, 
cryoablation, or radiotherapy with an incidence 
of approximately 1–4 % [ 22 – 24 ]. Urinary fi stulae 
and leakages of the lower urinary tract are serious 
complications, and radiologists need to have 
enough information about these situations to per-
form precise diagnosis and treatment. Recent 

studies demonstrate that CE-MRU could show 
the existence and location of the urinary fi stulae 
and leakages clearly without the need for another 
investigation technique. In addiction CE-MRU is 
a safe and relatively inexpensive technique that 
avoids exposure to radiation as well as nephro-
toxic and more allergic contrast material admin-
istration [ 25 ].      

a b c d

e f

g h

  Fig. 10.14    SE breath-hold T2-SENSE images with a 
thickness of 3 mm ( a – c ) acquired on coronal plane, show-
ing an abrupt caliber reduction of the left ureter at the 
transition point between the middle and distal third, with 
moderately thickened walls and discrete dilatation of the 
proximal ureter and intrarenal urinary tract, as can be seen 
also in the static-fl uid MR image 8 cm thick ( d ). 3D GE 

T1W THRIVE sequences acquired after intravenous 
injection of contrast material ( e – h ), demonstrate a wide-
spread enhancement of the walls of the left ureter, with 
slight enhancement of surrounding tissue at stenosis 
point; that was a pts. likely to have an infl ammatory steno-
sis after repeated episodes of renal colic with calculi 
expulsions       
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d

e

a b c

f

g

h

i 

  Fig. 10.15    Static-fl uid MR images ( a ,  b ) and MIP recon-
structions of excretory MR urography ( c ) demonstrating a 
normal representation of the urinary tract of the left and 
almost the complete lack of visualization of the right one; 
SE-T2W breath-hold SENSE 3 mm-thick images ( d ,  e ), 
acquired on coronal and axial planes, demonstrating right 
contracted kidney, with some cortical cysts, and mildely 

dilated lower-middle calyces group. In T1W images 
acquired before ( f ) and after intravenous injection of con-
trast medium ( g – i ) at 30, 60, and 100 s, there was a pro-
gressive and intense enhancement of the walls of the 
upper right group of the calyces, suggestive for urothelial 
origin neoplasm, subsequently confi rmed at histological 
study       
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11.1            MR Imaging Technique 

 Fetal MRI is a noninvasive method to study both 
fetal and maternal structures. Nowadays, ultraso-
nography is the standard screening modality 
(level 1) to detect possible fetal anomalies. If in 
the basic scan there is some suspect of fetal 
pathology, a more detailed ultrasonographic scan 
(level 2) must be performed to try to reach a diag-
nosis. Ultrasonography has a lot of advantages 
such as to obtain anatomic images with high res-
olution in real time or to visualize the fetus in 
different anatomic planes. It is furthermore a 
low-cost method, safe both for the mother and for 
the fetus. It has however some limits: poor visu-
alization of the fetus because of maternal obesity 
or oligoanhydramnios, unfavorable fetal posi-
tion, and twin fetuses [ 1 ]. 

 MRI intervenes as a third-level exam, after-
wards ultrasound imaging, with various aims: to 
confi rm ultrasound diagnosis, to search for other 
possible associated anomalies, and to obtain the 
right information in order to do a prognostic pre-
diction and give parents an adequate counseling. 
It offers several advantages over prenatal US. It 
has higher contrast resolution; it allows the direct 

visualization of both sides of the fetal brain, 
while in ultrasound imaging, the hemisphere 
underlying the transducer is often nonvisible and 
of the sulci, the cortex, and the structures situated 
in posterior fossa. It has a high sensibility for 
intracranial hemorrhages, and it overcomes some 
limits of ultrasounds such as maternal obesity, 
low amniotic fl uid volume, or anomalous fetal 
position [ 2 ,  3 ]. 

 Consequently, the results obtained with fetal 
MRI affect parental counseling and the manage-
ment of pregnancy that includes the possibility to 
continue or interrupt pregnancy in later stages, to 
establish the modality of delivery, and to direct 
parents and newborn steps toward an adequate 
postnatal follow-up or postnatal therapeutic 
interventions. 

 Fetal MRI is nowadays performed with 1.5 T 
magnetic fi elds. There are many different limita-
tions to fetal imaging, such as maternal and fetal 
motility. Simple rules are used to reduce the 
problem of maternal movement, such as to fast in 
the hours preceding the exam and to fi nd the best 
position for the woman in the scanner. So patients 
that do not tolerate supine position could be posi-
tioned in left lateral decubitus [ 4 ]. 

 The acquisition of images is particularly infl u-
enced by fetal motility, because the exam is not 
executed with maternal or fetal sedation. So fetal 
MRI is executed with ultrafast techniques, the so- 
called single-shot fast spin-echo (SS-FSE) or 
half-Fourier acquired single-shot turbo spin-echo 
(HASTE). Through such techniques, a single T2 
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image can be acquired in less than a second, 
reducing the probability of artifacts due to fetal 
motion. Moreover, since every image is acquired 
separately, only the image acquired during the 
fetal movement is damaged, further reducing 
movement artifacts. Other limits of fetal MRI are 
the small size of the structure being imaged and 
the marked distance between the receiver coil 
(placed on maternal abdomen) and the structure 
being imaged, especially in earlier gestational 
ages. Therefore, fetal MRI is typically not per-
formed before 22 gestational weeks. The exami-
nation protocol at fi rst involves the acquisition of 
T2-weighted ultrafast sequences along the three 
planes, orthogonal to the maternal longitudinal 
axis: axial, sagittal, and coronal. These sequences 
have the main aim of analyzing relations between 
maternal-fetal structures and placental character-
istics. T2-weighted ultrafast sequence images are 
then obtained of the fetal structures in the axial, 
coronal, and sagittal planes. The examination 
protocol can furthermore include the acquisition 
of sequences of the family of true fast imaging 
with steady-state precession (true-FISP), 
BALANCE or 2D FIESTA, that in some cases 
permits to obtain a higher spatial resolution, with 
thickness <3 mm for every slice. 

 Single-shot fl uid-attenuated inversion recovery 
(single-shot FLAIR) sequences have a poor spatial 
resolution, but they can be used to identify intra-
ventricular alterations or the normal cerebral strat-
ifi cation before the 25 th  week of gestation (GW). 

 In T1-weighted sequence areas of hyperinten-
sity may be identifi ed, such as cerebral hemor-
rhage, hematomas, meconium, and big clots. 
Such sequences have the disadvantage of long 
acquisition, times that require maternal apneas at 
least of 14 s in case of fast spin-echo T1 (FSE- 
T1) or at least of 20 s in case of gradient echo 
with short TR and TE. So T1-weighted images 
are more susceptible to fetal motion because of 
their longer acquisition times and they are of 
lower signal-to-noise image quality. 

 Advanced MR techniques such as diffusion- 
weighted imaging have also recently been suc-
cessfully applied to fetal MR imaging. 
Diffusion-weighted imaging (DWI) provides 
quantitative information about water motion and 
tissue microstructure and can be used to identify 

focal areas of injury as well as to assess brain 
development. Diffusion MRI is useful when there 
is a suspect of acute ischemic lesion not correctly 
identifi able in T2-weighted images, because of 
the natural hyperintensity of cerebral tissue [ 4 ]. 

 There is no accordance for what concerns the 
risks of fetal MR, because many studies have 
been executed on animal embryos, without 
homogeneity of methods and results; moreover, 
the studies on pregnant women are very few and 
not conclusive. So it is advisable not to execute 
the exam during the fi rst trimester and not to 
administer contrast medium, to reduce potential 
risks for the developing fetus [ 5 ].  

11.2     Maternal Imaging 

 MRI has been shown to be useful in the diagnosis 
of maternal complications during pregnancy. 
Physical examination in pregnancy is impaired 
by the presence of the gravid uterus, making 
assessment of abdominal or pelvic pathology dif-
fi cult. Although CT is well established in the 
evaluation of acute abdominal pain, this exposes 
the fetus to ionizing radiation and should be 
avoided if possible. Ultrasonography remains the 
primary imaging modality; however, its value is 
limited by the enlarged uterus as well as lack of 
tissue specifi city. MRI provides excellent ana-
tomic detail without ionizing radiation and there-
fore is a useful adjunct in the characterization of 
abdominal and pelvic disease [ 6 ]. 

11.2.1     Gastrointestinal Causes 

 Acute appendicitis is the most common non- 
obstetric surgical condition in pregnant patients. 
Physical exam and imaging evaluation are made 
diffi cult by the enlarging uterus, which often dis-
places the appendix with the risk of a misdiagno-
sis because the location of pain is not typical and 
because symptoms and signs of appendicitis such 
as nausea, vomiting, and leukocytosis may occur 
physiologically during pregnancy. 

 The MR appearance of appendicitis includes 
an enlarged appendix, periappendiceal fl uid, or 
infl ammation or abscess formation. 
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 MRI may also elucidate other gastrointestinal 
disorders as the cause of abdominal pain during 
pregnancy, such as bowel obstruction, abscess, 
toxic megacolon, bleeding, and cholelithiasis 
associated with choledocholithiasis and pancre-
atitis [ 7 ].  

11.2.2     Renal Causes 

 Hydronephrosis is common during pregnancy, 
because of smooth muscle relaxation in the ure-
ters and hormonal changes as well as extrinsic 
compression by the gravid uterus. This usually 
requires no intervention. It is occasionally neces-
sary to exclude obstructing ureteral stone as the 
cause of hydronephrosis, and this may be diffi -
cult with ultrasound (Fig.  11.1 ).

   Pyelonephritis is more common in pregnant 
than nonpregnant patients because of urinary sta-
sis. While the diagnosis is usually made based on 
clinical parameters, MR imaging is useful to 
detect or exclude complications that require 
intervention such as perinephric abscess [ 8 ].  

11.2.3     Gynecological Causes 

 Uterine leiomyomas demonstrate the same imag-
ing characteristics during pregnancy as in the 

nongravid uterus. However, they may outgrow 
their vascular supply, resulting in degeneration, 
rapid growth, or torsion, leading to signifi cant 
pain and premature labor. Most commonly, hem-
orrhagic infarction and necrosis will be seen with 
peripheral or diffuse high signal intensity on 
T1-weighted images and variable signal intensi-
ties with or without low signal intensity on 
T2-weighted images. 

 Subserosal fi broids can undergo torsion as 
well as degeneration during pregnancy. 

 When the gestational contents preclude accu-
rate assessment with ultrasound, MRI is indi-
cated. When multiple or large leiomyomas are 
present in the lower uterine segment, a decision 
may be made to perform cesarean section 
(Fig.  11.2 ) [ 9 ].

   The diagnosis of an adnexal mass during preg-
nancy poses a diagnostic challenge. The most 
common adnexal mass in a pregnant patient is a 
corpus luteal cyst. It usually measures less than 
6 cm in size and does not enlarge during preg-
nancy. MRI allows differentiation of simple cysts 
from more complex lesions, and the relationship 
between the mass and the pregnant uterus can be 
established. Because of the increased pressure in 
the pelvic cavity, adnexal masses may undergo 
extrinsic compression, hemorrhage, or torsion 
and lead to important abdominal pain (Fig.  11.3 ). 
Torsion is more common during pregnancy and 

a b

  Fig. 11.1    Hydroureteronephrosis and deep venous 
thrombosis in a pregnant woman. ( a ,  b ) In the coronal ( a ) 
and axial ( b ) T2-weighted images (TR/TE ∞/95 ms), 
modest bilateral hydroureteronephrosis is visible, with 

dilated ureters that could be followed till the pelvis 
( arrows ,  b ). A partial thrombosis of the left ovarian vein 
could be seen as a fi lling defect in the vascular lumen 
( dashed arrow ,  b )       
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may occur with or without an underlying mass. 
On MR imaging, a torsed ovary appears enlarged 
and edematous with increased stromal signal 
intensity on T2-weighted images [ 10 ].

11.3         Placental Imaging 

 MRI, because of its multiplanar capabilities, 
allows exact assessment of the placental position 
size and volume. It has been shown to be highly 
accurate in the diagnosis of placenta previa and 
might thus be an important adjunct to ultrasound 
in inconclusive cases. Placenta previa is diag-
nosed when the placenta covers a portion or all of 
the internal cervical canal and usually presents 
with painless vaginal bleeding during the course 
of the third trimester (Figs.  11.2  and  11.4 ). A 
related placental condition is placenta accreta, 
which is a leading cause of emergent peripartum 
hysterectomy. Placenta accreta is caused by lack 
of decidua basalis, which normally prevents vil-
lous invasion of the myometrium; any cause of 
uterine scarring, such as cesarean section or myo-

mectomy, can lead to abnormal placental 
 attachment. Prior cesarean section is by far the 
most common risk factor (Fig.  11.4 ). Three types 
of placenta accreta are described: placenta accreta 
vera (adherence to the myometrium), placenta 
increta (invasion into the myometrium), and pla-
centa percreta (invasion of the uterine serosa). 
Because emergency hysterectomy is associated 
with substantial maternal morbidity and mortality, 
the prenatal diagnosis of invasive placenta is 
important. MRI is particularly helpful to  determine 
the extent of placental invasion, which is critical 
for presurgical planning. Diagnosis depends 
largely on multiplanar T2-weighted images where 
the placenta demonstrates moderately high signal 
intensity and fi ne internal architecture. MR fi nd-
ings suggestive of placenta accrete vera include 
myometrial thinning, irregularity, or focal disrup-
tion, but the fi ndings may be subtle, since no frank 
myometrial invasion is present. MR fi ndings of 
the more severe placenta percreta include dark 
placental bands on T2-weighted images, focal 
thinning of myometrium, disorganized architec-
ture of the adjacent placenta, focal exophytic 

a b

  Fig. 11.2    Placenta previa and multiple fi broids in a   preg-
nant woman (GW 32 + 4). ( a ,  b ) In the sagittal T2-weighted 
images (TR/TE ∞/95 ms), the placenta is inserted on the 
anterior and posterior wall of the uterus, and it covers the 

internal uterine orifi ce ( arrow ,  a ). Multiple fi broid 
 intramural and submucosal tumors are visible ( arrows ,  b ). 
One subserosal pedunculated fi broid is localized in the 
ventral part of the body of the uterus ( dashed arrow ,  a )       
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mass, and in cases of anterior placental invasion 
involving the bladder, thinning of the uterine 
serosa-bladder interface [ 11 ,  12 ].

11.4        Fetal Imaging 

11.4.1     Central Nervous System 

 Because the fetal brain is a dynamic structure, it 
is important for radiologists to familiarize 

 themselves with the normal appearance of it at 
different gestational ages in order to be better 
able to identify and characterize abnormalities 
with fetal MRI. Changes in fetal brain maturation 
proceed through different stages in a predictable 
fashion: by gestational weeks (GW) 12–23, the 
brain demonstrates a smooth surface except for 
the interhemispheric fi ssure.    Sulci appear with 
this order: Sylvian and interhemispheric (GW 
10–15); calcarine, parieto-occipital, and cingu-
late (GW 16–19); central and superior temporal 

a b

dc

  Fig. 11.3    Ovarian lesion in a pregnant woman. ( a ,  b ) 
Coronal ( a ) and sagittal ( b ) T2-weighted images (TR/TE 
1,230/107 ms): the left ovary is entirely occupied by a 
cystic lesion. ( c ,  d ) Axial T2-weighted ( c ) and T1-weighted 
( d ) images (TR/TE 141/4.7 ms): the lesion is well defi ned, 

with a prevalent cystic structure and an inner solid compo-
nent (the Rokitansky nodule) ( arrow ,  c ) that presents the 
paramagnetic phenomenon ( arrow ,  d ). These characteris-
tics permit the diagnosis of a dermoid cyst       
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(GW 20–23); precentral, postcentral, and supe-
rior frontal (GW 24–27); inferior frontal and 
inferior temporal (GW 28–31); insular, parietal, 
superior occipital, secondary frontal, secondary 
parietal, and secondary temporal (GW 32–35); 
and inferior occipital, tertiary frontal, and tertiary 
parietal (GW 36–39) (Fig.  11.5 ) [ 13 ]. Sulcation 
in the whole cerebral cortex is seen from GW 30 
on, whereas infolding of the cortex and opercular 
formation will not be seen before GW 33. The 
developing nervous system has a multilayered 
appearance; till GW 28, from the surface to the 
depth, four layers could be recognized: the corti-
cal plate, the subplate, and the intermediate and 
the ventricular zone that contains the germinal 
matrix. Afterwards, such distinction will fade 
away till the only distinction between white and 
gray matter (Fig.  11.6 ).

    The germinal matrix appears as a band of T2 
hypointensity/T1 hyperintensity, for the high 
density of cells and microvessels, surrounding 
the ventricles in early gestation until the third 
 trimester, when it gradually regresses to be pres-
ent only in the caudo-thalamic groove at term. 
The cortical plate is seen as a band of T2 hypoin-
tensity/T1 hyperintensity at the periphery of the 
brain. The intervening parenchyma is of higher 
signal intensity on T2-weighted images but con-
tains two visible layers as well, usually discern-
able between GW 20 and 28 [ 14 ]. 

 By GW 23, cerebral ventricles appear rela-
tively large, corresponding to the normal fetal 
hydrocephalus, gradually becoming smaller 
thereafter. The atria of the lateral ventricles 
remain relatively stable in size from GW 15 to 
35, and the size should be less than 10 mm at the 
level of the atria when measured in an axial plane 
both by ultrasound and MRI. The cavum septi 
pellucidi is situated between the two lateral ven-
tricles. It is a transient structure that remains vis-
ible till the end of pregnancy, and it has the same 
signal characteristics of the ventricles. 
Sonographic measurements of the third ventricle 
in the axial plane have revealed an upper limit of 
normal ranging from 1.0–1.2 mm by GW 12 to 
3.5–3.6 mm at term, although no MR correlation 
has yet been performed. The cisterna magna may 
be diffi cult to visualize in the third trimester with 
ultrasound because of attenuation from the cal-
varium at the skull base; however, this is well 
visualized with MRI throughout the second and 
third trimesters. The subarachnoid space overly-
ing the cortical convexities is slightly dilated at 
all gestational ages, most markedly by GW 
21–26. The corpus callosum develops between 
GW 8 and 20. With MR, it is normally visible by 
GW 20 as a subtle T2 hypointensity. It forms in 
an orderly progression from genu to splenium, 
with the rostrum being formed last. The cerebel-
lum, as the cerebral hemispheres, has a progressive 

b ca

  Fig. 11.4    Placenta previa and accreta (GW 30 + 5). ( a – c ) 
Coronal ( a ) and sagittal ( b ,  c ) T2-weighted images (TR/
TE ∞/95 ms): unique fetus in podalic position and with 
his back turned toward the left side ( a ). The placenta is 
inserted on the anterior and posterior wall of the uterus, 
and it covers the internal uterine orifi ce ( arrow ,  b ). On the 

anterior wall of the uterus, the placenta shows an area of 
inhomogeneous signal ( arrow ,  c ) that corresponds to the 
site of previous caesarian sections. This is compatible 
with placenta accreta, confi rmed after birth by the histo-
logical analysis of the uterus and placenta       
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development of the sulci. The fi rst fi ssure that 
appears is the posterolateral one, by GW 12–13, 
and it divides the corpus cerebelli from the fl oc-
culonodular lobe. The development of the pri-
mary fi ssure that divides the anterior from the 
posterior lobe follows by GW 14–15, and subse-
quently, the prepyramidal, preculminate, and pre-
central fi ssures are seen by GW 15–16, and the 
horizontal fi ssure by GW 21. The foliation of the 
vermis starts in GW 14, and between 24 and 37 
GW, the number of foliae in each lobule accounts 
for 50 % of the amount in adults. By GW 17, the 
primary fi ssure of the vermis should be visible, as 

should a normal fastigial point with an acute 
angle. The prepyramidal fi ssure is visible by GW 
21, the preculminate fi ssure by GW 21–22, and 
the secondary fi ssure by GW 24. By GW 27, all 
vermian lobules and fi ssures are visible. The cra-
niocaudal length of the vermis reaches that of the 
cerebellar hemispheres by GW 18–19. The ver-
mis extends caudally to cover the roof of the 
fourth ventricle, completely covering it by GW 
22–24. 

 The pons and the mesencefalus begin to differ-
entiate themselves by GW 8. They appear hyper-
intense in T2-weighted images and hypointense in 
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  Fig. 11.5    Development of 
the sulci. ( a ,  b ) GW 24. In 
the sagittal ( a ) T2-weighted 
image (TR/TE ∞/95 ms), the 
central ( 1 ), the postcentral 
( 2 ), and the precentral 
( 3 ) sulci are visible. In the 
coronal ( b ) T2-weighted 
image, the calcarine sulcus 
( arrow ) is visible. ( c, d ) GW 
31. In the coronal ( c ) 
T2-weighted image (TR/TE 
∞/95 ms), in counterclock-
wise direction, the precentral, 
the central, the lateral (of 
Sylvius), the superior 
temporal, and the occipito-
temporal sulci are visible. In 
the axial ( d ) T2-weighted 
image (TR/TE ∞/95 ms), the 
Sylvian valley is visible. 
( e ,  f ) GW 34. In the coronal 
( e ) T2-weighted image (TR/
TE ∞/95 ms), the inferior 
temporal sulcus is visible (3). 
The lateral (of Sylvius) ( 1 ) 
and the calcarine ( 2 ) sulci are 
also showed, as in the next 
axial ( f ) T2-weighted image 
(TR/TE ∞/95 ms)       
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T1-weighted images in their ventral portion, but 
they become more and more hypointense in T2 
and hyperintense in T1 in their dorsal portion, 
because of the progressive myelination of the 
ascending tract. The medulla oblongata contains 
ascending myelinated sensitive tracts, hypointense 
in T2-weighted images, and pyramidal tracts, 
whose myelination will begin in the postnatal 
period, which appear hyperintense in T2-weighted 
images [ 15 ]. 

 The fi rst role of fetal MRI is to explore the 
fetal brain anatomy to ensure that every struc-
ture is correctly developing and to make mea-
surements on the fetal brain to ascertain that its 
development corresponds to the gestational 
age (Fig.  11.7 ). The obtained measurements 
could be compared with brain normal linear 
biometric values extrapolated by literature 
(Table   s) [ 16 ,  17 ].

11.4.2        Ventriculomegaly 

 Ventriculomegaly (VM) represents the most fre-
quent encephalic anomaly seen at fetal magnetic 
resonance imaging (MRI), with an incidence 
varying between 0.5 and 2 per 1,000 births per 

year. The frequency of associated malformations, 
both cerebral and extracerebral, varies between 
41 and 78 % [ 18 ]. The causes of VM are as 
follows:
•    Anomalous turnover of cerebrospinal fl uid 

caused by block to the ventricular system (i.e., 
expansive lesions, infl ammatory and infective 
processes, hemorrhage) or by block to the 
reabsorption system (i.e., meningoencephali-
tis, subaracnoideal hemorrhage)  

•   Anomalous cerebral development (i.e., corpus 
callosum agenesis) or neuronal disorders of 
proliferation or migration  

•   Destructive processes (i.e., hemorrhages or 
infections)    
 Lateral ventricles are characterized by an 

anterior portion (frontal horn) and a posterior 
portion (atrium and occipital horn). In normal 
conditions, the ventricular cavity at the atrium is 
almost completely occupied by plexus choroid 
glomus. When a ventricle    enlarges itself, the 
fl uid accumulates between the choroid plexus 
and the medial wall, giving an image of dan-
gling plexus. Ventricular measurement can be 
conducted on coronal images, placing calipers 
at the atrial level on the axis which is perpen-
dicular to the ventricular one or on axial images 
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  Fig. 11.6    Multilayered appearance of the developing 
nervous system at GW 24. ( a ,  b ) Coronal ( a ) and axial ( b ) 
T2-weighted images (TR/TE ∞/95 ms): from the surface 

to the depth, four layers could be recognized, the cortical 
plate ( 1 ), the subplate ( 2 ), the intermediate ( 3 ), and the 
ventricular zone ( 4 ) that contains the germinal matrix       
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and placing calipers at the luminal margins of 
ventricular atria, perpendicular to the long axis 
of the ventricle, at the level of the glomus of the 
choroid plexus. The measure is stable during the 
second and third trimester, with a medium diam-
eter of 6–8 mm, and it is normal till a limit value 
of 10 mm. 

 VM can be both monolateral and bilateral; s 
can be both monolateral and bilateral, symmetric 
or asymmetric, and it is diagnosed when the atrial 
diameter (AD) of one or both ventricles is 
≥10 mm (corresponding to 4 standard deviations 
(SD) above the mean) from 14 weeks of gesta-
tional age to term (Fig.  11.8 ). It is classifi ed into 
three degrees of severity depending on the width 
of dilatation [ 19 ]:

•     Mild (or borderline): 10 mm ≤AD ≤12 mm  
•   Moderate: 13 mm ≤AD ≤15 mm  
•   Severe: AD >15 mm    

 The factors that most affect the prognosis of a 
fetus with VM are width of dilatation (mild, 
moderate, severe), presence of associated anom-
alies (structural, chromosomal), and an underly-
ing etiological factor (i.e., infections, alloimmune 
thrombocytopenia) [ 20 ]. More than 60 % of 
cases of severe VM are associated with struc-
tural anomalies (Fig.  11.8 ). Prognosis for severe 
VM associated with other malformations is 
unfavorable, with a 2-year survival rate not 
exceeding 16 %. Prognosis of isolated severe 
VM is slightly better, with a 33 % survival rate at 
2 years and normal neurological and physical 
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  Fig. 11.7    Main linear 
measures useful to evaluate 
normal brain development. 
( a ) Sagittal T2-weighted 
image (TR/TE ∞/95 ms): 
fronto-occipital diameter. 
( b ) Coronal T2-weighted 
image (TR/TE ∞/95 ms): 
bone biparietal ( 1 ) and 
cerebral biparietal ( 2 ) 
diameter. ( c ) Coronal 
T2-weighted image (TR/TE 
∞/95 ms): transverse 
cerebellar diameter. ( d ) Axial 
T2-weighted image (TR/TE 
∞/95 ms): width of the 
cisterna magna. ( e ) Sagittal 
T2-weighted image (TR/TE 
∞/95 ms): supero-inferior 
diameter of the vermis. 
( f ) Sagittal T2-weighted 
image (TR/TE ∞/95 ms): 
anteroposterior diameter 
of the vermis       
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development in 10–62.5 % of cases, depending 
on the study [ 21 ]. Moderate VM is associated 
with other anomalies in 10–50 % of the cases, 
whereas mild VM is associated in a very low 
percentage of cases. Prognosis is conditioned by 
the existing concomitant anomalies. Regarding 
the prognosis of isolated forms, a delay in neuro-
logical development can be found in 25 % of 

cases of moderate and in up to 7 % of cases of 
mild VM [ 22 ]. 

 Another factor infl uencing the prognosis of 
isolated VM, either moderate or mild, is the evo-
lution of dilatation over time. VM progression 
occurs in 16 % of cases, whereas stabilization is 
reported in 43 % of cases, and an in utero normal-
ization occurs in 41 % of cases. Progression is 

ba

c d

* *

e

*
*

f

  Fig. 11.8    ( a ,  b ) Mild 
ventriculomegaly (GW 
35 + 2). In the coronal ( a ) 
and axial ( b ) T2-weighted 
images (TR/TE ∞/95 ms), 
mild unilateral dilatation of 
the left lateral ventricle is 
present ( arrows ), with an 
atrial diameter of 11 mm. 
The right one is normal, 
having a diameter of 9 mm. 
( c – f ) Severe ventriculomeg-
aly associated to complete 
agenesis of the corpus 
callosum (GW 32 + 1). 
Coronal ( c ,  e ), axial ( d ), and 
sagittal ( f ) T2-weighted 
images (TR/TE ∞/95 ms): 
severe bilateral dilatation of 
the lateral ventricles is 
present ( c ,  d ) with the right 
atrial diameter of 22 mm 
and the left one of 19 mm. 
The ventriculomegaly is 
associated to complete 
agenesis of the corpus 
callosum and of the cavum 
septi pellucidi, best 
demonstrable in the coronal 
image ( e ). Other secondary 
signs of corpus callosum 
agenesis are the parallel 
aspect of the lateral 
ventricles ( d ), the extreme 
distance between frontal 
horns ( d ) and their internal 
concavity ( asterisks ,  e ), the 
enlargement of atria and 
occipital horns ( asterisks ,  d ), 
and the radial disposition of 
the sulci on the mesial 
hemispheric surface 
( arrows ,  f )       
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associated with a 22 % rate of chromosomal 
anomalies and with a negative prognosis in 44 % 
of cases in comparison with 1 and 7 %, respec-
tively, of the forms that do not progress (stabili-
zation or regression) [ 23 ].  

11.4.3     Medium Line Malformations 

11.4.3.1     Holoprosencephaly 
and Absence of the Cavum 
Septi Pellucidi 

 Holoprosencephaly refers to a large group of 
cerebral malformation with a common embryo-
genesis, with an incomplete separation of the 
prosencephalus in right and left hemisphere. 
There are three principal forms:
•    Lobar holoprosencephaly (separated lateral 

ventricles)  
•   Semilobar holoprosencephaly (partially sepa-

rated lateral ventricles)  
•   Alobar holoprosencephaly (lateral ventricles 

fused in one)    
 There is another form, syntelencephaly, that 

involves parietal and frontal lobes, and it seems 
to have a different embryonal origin. 

 RM is especially useful in the evaluation of 
diffi cult cases of holoprosencephaly and syntel-
encephaly, to identify a small fusion of frontal 
lobes or to make the differential diagnosis 
between holoprosencephaly and microcephaly. 
RM is also useful to identify eventual associated 
anomalies [ 24 ]. 

 Absence of the cavum septi pellucidi is sel-
dom isolated; it is usually acquired, secondary to 
a disruptive process such as endoventricular 
hemorrhage or infective process, or associated to 
a malformative process, such as holoprosen-
cephaly or septo-optic dysplasia. In cases of no 
visualization of the folders of the septi pellucidi 
in US, MRI can confi rm the absence of such 
structures, which can be appreciated in every 
plane. The inferior dislocation of the    fornices, a 
consequence of the absence of septi pellucidi, is 
better seen in sagittal sequences. MRI is espe-
cially indispensable to search eventual associ-
ated anomalies or possible causes of the 
malformation [ 25 ].  

11.4.3.2     Abnormalities of the Corpus 
Callosum 

 The prevalence of abnormalities of corpus callo-
sum    is 0.3–0.7 % in general population and 
2–3 % in population with developmental delay. 
They can be associated to other malformations, 
either cerebral or extracerebral, including at least 
46 malformative syndromes and metabolic 
disorders. 

 Fetal MR is useful in the evaluation of 
sonographically suspected callosal anomalies 
because the corpus callosum can be directly 
visualized in the sagittal and coronal planes as 
a curvilinear T2 hypointense structure located 
at the superior margin of the lateral ventricles, 
superior to the fornices. Direct visualization 
of the callosum by sonography, however, is 
more difficult, and thus, sonography typically 
relies on indirect signs of abnormal callosal 
development (such as absence of the cavum 
septi pellucidi, colpocephaly, which is a selec-
tive ventriculomegaly of the occipital horns 
more than the frontal or temporal horns of the 
lateral ventricles and inferior orientation of 
the medial hemispheric sulci) to identify 
abnormalities of callosal formation. These 
indirect signs can also be seen with fetal MRI 
(Fig. 11.8 ) [ 26 ]. On fetal MR, the corpus cal-
losum is best assessed using thin (3 mm) mid-
line sagittal images. Its length can be measured 
on midline sagittal images, and measurements 
can be compared with published normative 
data, especially in cases of suspected callosal 
hypogenesis [ 27 ]. 

 Fetal MR has been reported to have a greater 
detection of callosal agenesis as compared with 
prenatal US. In addition, fetal MR can identify an 
intact corpus callosum in approximately 20 % of 
cases referred for sonographically suspected cal-
losal agenesis or hypogenesis, which has signifi -
cant implications for patient counseling. 
Additional callosal abnormalities, including 
hypogenesis (or partial agenesis), dysgenesis, 
and hypoplasia, can also be diagnosed by fetal 
MRI. Because of the normally thin appearance of 
the fetal corpus callosum, callosal hypoplasia is 
more diffi cult to diagnose, especially during the 
second trimester. 
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 Fetal MRI is important in detecting additional 
abnormalities in cases of callosal agenesis. 
Indeed, detection of associated brain anomalies 
by fetal MR is greater than by prenatal sonogra-
phy in these cases, and additional anomalies are 
detected by fetal MR in up to 93 % of cases. The 
identifi cation of additional fi ndings by fetal MRI 
may suggest a specifi c disorder or syndrome 
associated with callosal agenesis; this has impli-
cations both for the current pregnancy and for the 
recurrence risk in future pregnancies. Thus, when 
fetal MRI is performed for cases of suspected 
callosal agenesis, the supratentorial structures as 

well as the infratentorial structures should be 
carefully examined [ 28 ].   

11.4.4     Posterior Fossa 
Abnormalities 

11.4.4.1     Chiari II 
 Chiari II malformation is an important indirect 
sign of open spinal dysraphism  (myelomeningocele 
and myelocele) (Fig.  11.9 ). Each of these can 
occur with or without spinal cord splitting with an 
incidence of 0.5–1 in 1,000 live births. The 
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  Fig. 11.9    Lumbosacral myelomeningocele with Chiari II 
and triventricular hydrocephalus (GW 35 + 3). ( a – d ) Sagittal 
( a ), axial ( b ,  d ), and coronal ( c ) T2-weighted images (TR/
TE ∞/95 ms): open spinal dysraphism at lumbosacral level, 
with herniation from the spinal canal of the meninges and 
nervous structures that come in touch with the cutaneous 
plane ( arrows ,  a ,  b ). A Chiari II malformation is also pres-
ent, with herniation of the cerebellar tonsils and of the brain-

stem through the foramen magnum into the spinal canal 
( dashed arrows ,  a ,  c ). This implies the reduction of the 
dimensions of the posterior cranial fossa, with more caudal 
insertion of the tentorium and disappearance of basal cis-
terns and of the fourth ventricle ( a ,  c ). An obliteration of the 
supratentorial subarachnoid spaces is also demonstrable ( a , 
 c ,  d ). A secondary severe dilatation of the third ventricle 
( arrow ,  c ) and of both the lateral ventricles is present       
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 position of the neural placode with respect to the 
level of the skin surface differentiates myelome-
ningocele from myelocele. When there is eleva-
tion due to expansion of the subarachnoid space, 
the lesion is called a myelomeningocele (MMC). 
Axial images demonstrate the posterior osseous 
and skin defect, through which the neural placode 
protrudes, secondary to expansion of the underly-
ing subarachnoid space that is covered by a thin 
membrane.

   Myelocele (myeloschisis) is the term used 
when the placode is in plane with the level of the 
back without an overlying membrane-covered 
fl uid-fi lled sac. This is much less common than 
the MMC but is embryologically similar. Only 
the expansion of the subarachnoid space distin-
guishes an MMC from a myelocele. The clinical 
manifestations and functional impairments are 
similar in these two entities. The localized failure 
of neural tube closure can occur anywhere along 
the spinal cord but is most common in the lumbo-
sacral region [ 29 ]. 

 The association between open spinal dysra-
phism and Chiari II is proposed to be due to the 
leakage of cerebrospinal fl uid via the spinal 
defect that collapses the primitive ventricular 
system and prevents expansion of the rhomben-
cephalic vesicle. This may result in a small poste-
rior fossa with medulla, vermian, and cerebellar 
tonsil herniation. It is important to remember that 

in some cases, the fi ndings may be mild and may 
progress; thus, close follow-up and correlation 
with alpha-fetoprotein and karyotype is impor-
tant. With US, the so-called  banana sign  permits 
to discover the anomaly, but it cannot help to 
establish the entity of the problem. Through sag-
ittal images, MRI is helpful to determine the 
entity of cerebellar herniation, which is directly 
correlated to the neurological outcome. MRI per-
mits to identify other typical fi ndings of Chiari II 
malformations, such as the  lemon sign  (which 
refers to the shape of the fetal skull when the 
frontal bones lose their normal convex contour 
and appear fl attened in axial images at the level 
of the ventricles) and the  American eagle sign  
(angled aspect of the lateral ventricles), to evalu-
ate lateral ventricular dimensions and cerebral 
parenchyma. T2 signal is in fact increased in 
fetuses with Chiari II malformation, because of 
an increase of extracellular water, such as dem-
onstrated by apparent diffusion coeffi cient calcu-
lation [ 30 ].   

11.4.5     Cystic Anomalies 

 The Dandy-Walker (DW) malformation has 
an incidence of 1/25,000–35,000 live births. 
The classic DW malformation includes three cri-
teria: (1) partial or complete vermian agenesis, 
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  Fig. 11.10    Dandy-Walker malformation (GW 21 + 2). 
( a – c ) Sagittal ( a ) and axial ( b ,  c ) T2-weighted images 
(TR/TE ∞/95 ms): enlargement of posterior cranial fossa 
with an expanded cisterna magna ( asterisk ,  a ) and with 
the upward displacement of the tentorial insertion ( arrow , 

 a ) is visible. Partial vermian agenesis, with the presence 
of its superior part ( arrow ,  b ) and the absence of its infe-
rior part, and direct communication between a dilated 
fourth ventricle and the cisterna magna ( arrow ,  c ) are also 
demonstrable       
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(2)  cystic dilatation of the fourth ventricle, and 
(3) enlargement of posterior cranial fossa with 
upward displacement of the insertion of the ten-
torium (Fig.  11.10 ).

   DW malformation can be isolated or associ-
ated to a chromosomal disorder or a polymalfor-
mative syndrome. Thus, it is important to search 
for other neurological and extraneurological 
anomalies and to do karyotype analysis. DW 
malformation is observed in 1–4 % of hydro-
cephalus prenatally diagnosed, and in such cases, 
the prognosis is poor. 

 Vermian agenesis is defi ned as partial or com-
plete absence of vermis. When the agenesis is 
partial, the inferior portion of the vermis is usu-
ally absent. It is important to acquire both sagittal 
and axial images with thin slices, to avoid partial 
volume artifacts with the cerebellar hemispheres. 
It may be isolated or may be part of different syn-
dromes, associating brain and visceral malforma-
tions [ 31 ]. 

 Cerebellar hypoplasia is a small but propor-
tionated cerebellum with short fi ssures, normally 
arranged. It can be considered the result of 
reduction or arrest of cell production. The diag-
nosis is based on a reduced transverse cerebellar 
diameter that can only be revealed in the third 
trimester of pregnancy. It is usually a secondary 
condition, but it may be primitive, and in such 
cases, we could have a pontocerebellar atrophy/
hypoplasia [ 31 ]. 

 Mega cisterna magna is subjectively estimated 
and corresponds to abundant retrocerebellar 
fl uid. It is a normal anatomic variant so the nor-
mal features must be identifi ed, without any ven-
tricular enlargement [ 32 ]. 

 Persistent Blake’s pouch cyst represents an 
embryonic midline outpouching of a portion of 
the primitive fourth ventricle (superior medul-
lary velum), which extends inferior and poste-
rior to the vermis into the cisterna magna and 
may push the developing tentorium into an 
abnormal, relatively high position. Its appear-
ance at imaging is that of a nonspecifi c retrocer-
ebellar cyst [ 33 ]. 

 Closed arachnoid cyst is a cystic pouch with-
out communication with the fourth ventricle, 

and it may be localized in every cisternae space 
of the posterior fossa. It is usually associated 
with a good prognosis; however, if the cyst is 
large, the mass effect can blur cerebellar folia-
tion, and it can be diffi cult to be completely sure 
of the diagnosis. Moreover, a large cyst can 
compress CSF pathways, leading to hydroceph-
alus. Cysts can increase in size in the few days 
or weeks after birth and thus require postnatal 
follow-up [ 32 ].  

11.4.6     Ischemic and Hemorrhagic 
Cerebral and Cerebellar 
Disease 

 A wide variety of maternal, fetal, or placental 
pathological conditions resulting in circulatory 
impairment may lead to different types of lesions 
depending on the time of occurrence during ges-
tation and the severity and the duration of the 
intrauterine insult. Examples of maternal 
 conditions are systemic disorders (anemia, coag-
ulopathy, cardiovascular collapse, anaphylactic 
reaction), alloimmune thrombocytopenia, 
eclampsia and preeclampsia, epileptic seizures, 
and trauma. Examples of fetal conditions are 
umbilical cord accident, death of one monochori-
onic twin, infection, arterial-venous malforma-
tions, and fi stulae. Examples of placental 
conditions are placenta previa, abruptio placen-
tae, intrauterine growth retardation, and polyhy-
dramnios. There are also iatrogenic causes, such 
as amniocentesis and fetal blood sampling. 

 Imaging techniques, particularly fetal ultraso-
nography and, more recently, magnetic resonance 
imaging, have made it possible to detect these 
lesions in utero. Their morphological appearance 
depends on the time that has elapsed between the 
insult and examination of the fetal brain. In the 
acute phase (fi rst 3–5 days), MRI can fi nd paren-
chymal edema, alterations in cerebral stratifi ca-
tion, and hyperintensity in T2 sequences (not 
always distinguishable from the normal paren-
chyma).    The ischemic lesion appears hyperin-
tense in diffusion-weighted images, and its 
apparent diffusion coeffi cient is lower than the 
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one of normal parenchyma. In the subacute 
phase, it is characterized by hyperintensity in T2 
and in T1 (intraparenchymal necrosis). Chronic 
phases are characterized by parenchymal atro-
phy, focal malacia, and distortion of ventricular 
shape; hyperintensity in T1 images stands for 
necrosis. 

 Differential diagnosis should be made with 
infective disease. 

 Both extra-axial posterior fossa hemorrhages 
and intraparenchymal cerebellar hemorrhages 
can be related to maternal/fetal trauma and to 
vascular malformations. Dural sinus 
 malformations often appear as slightly T2 
hypointense and T1 isointense mass-like lesions 
involving the torcula; thrombus within the dural 
venous sac appears as T1 hyperintensity and 
marked T2 hypointensity. Vascular causes of 
intraparenchymal cerebellar hemorrhage include 
germinal matrix hemorrhages and underlying 
vascular malformations such as cavernous mal-
formations. Although uncommon, cerebellar 
hemorrhage has also been reported in cases of 
infection with cytomegalovirus and in both 
immune and nonimmune hydrops fetalis, pre-
sumably from associated hematological and 
hemodynamic abnormalities. When a cerebellar 
hemorrhage is identifi ed, infection should be 
considered, and a careful search for other abnor-
malities (e.g., intrauterine growth retardation, 
microcephaly, calcifi cations, echogenic bowel, 
and hydrops fetalis) should be initiated.  

11.4.7     Infections 

    Prenatal infection may be caused by ascending 
agents from the maternal vagina, or by  hematog-
enous spread via the placenta, or  iatrogenically 
(at amniocentesis). In case of congenital infec-
tion, both ultrasound and fetal MRI have a high 
sensitivity in detecting the nonspecifi c signs of 
fetal sufferance, such as ascites, pleural and peri-
cardial effusion, subcutaneous edema, anomalies 
in amniotic fl uid, placental thickening, and the 
 possible implication of fetal organs, such as 
 cardiomegaly, hepatosplenomegaly, hepatic 

 calcifi cations, and intestinal hyperechogenicity. 
Fetal MRI has however a higher sensitivity in the 
study of the possible implication of the nervous 
system in the infective process, so it is indicated 
to execute an MRI exam in every case of fetal 
infection, even if there are no ultrasonographic 
alterations [ 34 ]. The most common infections are 
part of the TORCH complex ( Toxoplasma , other 
HIV, rubella,  Cytomegalovirus , herpes simplex 
virus), and the one from  Cytomegalovirus  (CMV) 
is the most frequent. Fifty percent of pregnant 
women are not immune to CMV, and 1 % of them 
will develop the primary infection (with 30 % of 
transmission to the fetus), while 5 % of immune 
pregnant women will develop secondary infec-
tion (with 3 % of transmission to the fetus). The 
entity of fetal damage corresponds with the time 
of infection: the earlier the infection, the more 
serious the cerebral damage. The alterations in 
the encephalon represent the results of a previous 
damage and not the acute phase of the infection. 
Both nonspecifi c and specifi c signs of CMV 
infection are to be searched. The nonspecifi c 
signs, common to other infections, are micro-
cephaly, hydrocephalous, calcifi cations, subep-
endymal cysts, and intraventricular septa. The 
specifi c signs of CMV infection are malforma-
tions of cortical development, cerebellar hypo-
plasia, focal lesions of periventricular white 
matter, and temporal horn alterations (focal 
enlargement, cysts situated anteriorly and sepa-
rated by thin septa or white matter edema) [ 35 ].  

11.4.8     Complications 
of Monochorionic Twin 
Pregnancies 

11.4.8.1     Co-twin Demise 
 Monochorionic twins share a common placenta 
that often contains abnormal intertwin vascular 
connections. Because of the placental vascular 
anatomy, the overall morbidity and mortality of 
monochorionic twins is much higher than that of 
dichorionic twins. 

 In utero, death of a co-twin is associated with 
an increased risk of neurological impairment in 
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the surviving co-twin, most likely a result of acute 
cerebral hypoperfusion at the time of demise or 
possibly thromboemboli. In cases of co-twin 
demise, fetal MRI (including DWI) should be per-
formed as early as possible to identify acute injury 
and then repeated at least 2 weeks after the sus-
pected demise to detect subacute/chronic sequelae 
of intracranial injury in the surviving fetus 
(Fig.  11.11 ). Fetal MR can in fact identify destruc-
tive parenchymal lesions that might not be 
detected by prenatal sonography in the surviving 
co-twin. Ischemic injuries can appear as focal or 
diffuse areas of increased signal on T2-weighted 

images in the germinal matrix, developing white 
matter, and/or cortex. Ischemic injury to the fetal 
brain can also result in other cortical malforma-
tions such as  polymicrogyria, encephalomalacia, 
germinolytic cysts, hemorrhage, ventriculomeg-
aly, and delayed sulcation [ 36 ].

11.4.8.2        Twin-Twin Transfusion 
Syndrome 

 It is characterized by abnormal blood fl ow from 
the smaller donor twin to the larger recipient twin 
via placental vascular connections. The recipient 
twin develops polyhydramnios because of volume 

a
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  Fig. 11.11    Monochorionic diamniotic twin pregnancy, 
with intrauterine co-twin demise (GW 29 + 6). ( a ,  b ) 
Coronal ( a ) and axial ( b ) T2-weighted images (TR/TE 
∞/95 ms): the alive twin is in podalic position on the 
right, with normal amount of amniotic fl uid. The dead 
twin is in cephalic position on the left and he is smaller 
than the podalic fetus, with prominent areas of altered 
cerebral signal intensity and total subversion of cerebral 

parenchymal structure ( arrow ,  b ). ( c ,  d ) Axial diffusion- 
weighted image (DWI, TR/TE 3,700/94 ms, b-600) ( c ) 
and correspondent apparent diffusion coeffi cient (ADC) 
map ( d ): the brain of the alive fetus has normal signal 
intensity, while the dead fetus’ one shows marked and dif-
fuse DWI hyperintensity ( arrow ,  c ) that corresponds to a 
diffuse signal restriction in the ADC map ( arrow ,  d )       
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overload, and the donor twin develops 
 oligohydramnios resulting in a “stuck twin.” The 
morbidity rate is very high, and both the recipient 
and the donor twin are at risk for cerebral 
 ischemia and hemorrhage. Brain abnormalities 
detected by fetal MRI are similar to those seen in 
survivors of co-twin demise and include enceph-
alomalacia, periventricular white matter injury, 
germinal matrix hemorrhages, intraventricular 
hemorrhage, intraparenchymal hemorrhage, and 
cortical malformation [ 37 ].   

11.4.9     Head and Neck 

11.4.9.1     Head 
 The combination of three imaging planes is 
required in the fetal MRI study of the head, which 
the primary purpose is the search of facial clefts: 
axial views at the level of the maxilla and coronal 
views at the level of the fetal lips and sagittal 
planes. 

 In the axial plane, the hard palate can be visu-
alized in its entirety, as well as the soft tissue of 
the upper lip overlaying the maxilla and the alveo-
lar ridge with the anterior six tooth buds. In the 
coronal plane, the continuity of the entire upper 
lip can be assessed. A sagittal section shows the 
soft tissue profi le of the fetal face and the poste-
rior palate as a continuous straight line. It is best 
visualized when amniotic fl uid fi lls the fetal 
mouth. Twenty-fi ve percent of clefts affect only 
the primary palate with good functional and 
 aesthetic outcome. The cleft primary palate is best 
visualized on MRI in the axial and coronal planes. 
Approximately 30 % of fetuses with a complete 
cleft of the primary palate will also have a com-
plete cleft of the secondary palate, whereas 45 % 
of clefts only affect the secondary palate. Clefts 
extending into the secondary palate are directly 
visible on MRI in the axial and sagittal planes. 
Amniotic fl uid is of high signal on T2-weighted 
images and allows visualization of the external 
fetal contour. When amniotic fl uid fi lls the fetal 
mouth, a clear identifi cation of the oropharynx, 
tongue, and secondary palate as a curve of soft 
tissue signal intensity is possible [ 38 ].  

11.4.9.2     Neck 
 Lymphangioma is a benign malformation of 
 lymphatic vessels. It is localized in the posterior 
 cervical triangle in 75 % of cases, and it appears 
both in microcystic and macrocystic form as a 
mass with thin septa fi lled with fl uid and so hyper-
intense in T2-weighted images and hypointense in 
T1-weighted images [ 39 ]. 

 Hemangioma is a benign malformation of 
small vessels. Most lesions are superfi cial, cuta-
neous, or subcutaneous, but they can originate 
also in internal organs (1/3 hepatic). They usually 
increase in size till the 6 month of life and then 
they slowly disappear. They appear homoge-
neously or heterogeneously hypointense in 
T1-weighted images and tenuously hyperintense 
in T2 [ 40 ]. 

 Teratoma originates from the three embryonic 
tissues (ectoderm, mesoderm, and endoderm), 
and it is differentiated in mature and immature. It 
is frequently localized in the sacrococcygeal 
region (70–80 %), followed by the head and 
neck. It is a forming-mass lesion, with cystic and 
solid areas inside, often with calcifi cations. It 
appears inhomogeneous in T2-weighted images 
and tenuously hypointense in T1 [ 41 ].   

11.4.10     Chest 

 The lungs are complex and highly specialized 
organs that are unnecessary for intrauterine exis-
tence. An optimal lung function needs a long and 
delicate development, extending from the 
embryonic period, through the fetal period up to 
birth. During the intrauterine life, the lung devel-
opment is characterized by a series of accurately 
organized events that can be divided into fi ve 
stages: embryonic, pseudoglandular, canalicular, 
saccular, and alveolar [ 42 ]. The embryogenic 
phase (3–6; 8 weeks of gestation) begins with 
the formation of a groove in the ventral lower 
pharynx. At the end, by a dichotomous division 
in a caudal direction, the growth of the tracheo-
bronchial tree takes place. The further subdivi-
sion into the entire air-conduction bronchial 
tree arises in the pseudoglandular phase 
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(6; 8–16 weeks of gestation). At this time, the 
pulmonary vessels have formed themselves. At 
the canalicular stage (16–26; 28 weeks of gesta-
tion), the terminal bronchioles resemble the 
 development of the acinus, which comprises 
respiratory bronchioles and acinar structures. 
The surfactant starts to be produced by the devel-
oping epithelium. In the saccular phase (26; 
28–32; 36 weeks of gestation), the last genera-
tion of air spaces continues to divide and gener-
ates transitory ducts and terminal saccules; the 
end of each terminal saccule is coated with type 
I and type II pneumocytes. During the alveolar 
phase (32; 36 weeks of  gestation – at birth) new 
sacculi and alveoli form [ 43 ]. 

 The fetal thoracic abnormalities refer to a het-
erogeneous group of fetal lung diseases, includ-
ing pulmonary hypoplasia, congenital pulmonary 
airway malformation (CPAM), bronchopulmo-
nary sequestration (BPS), bronchogenic cyst, 
and congenital diaphragmatic hernia (CDH) 
[ 42 ]. In recent years, the prenatal magnetic reso-
nance imaging has not only revolutionized the 
detection of these anomalies, it has also trans-
formed the perinatal and postnatal management 
of this rare but signifi cant spectrum of fetal mal-
formations that are usually discovered inciden-
tally on routine prenatal US examination [ 44 ]. In 
fact, the purpose of the fetal MR is to confi rm the 
diagnosis and to evaluate the mass size, the com-
pression of the normal lung parenchyma, and the 
shift of the mediastinal organs that may cause 
polyhydramnios and hydrops that are considered 
indicators of a poor prognosis in fetuses with 
these abnormalities [ 42 ]. When a thoracic abnor-
mality is suspected during pregnancy, treatment 
is coordinated and decided through a multidisci-
plinary team. In most cases, the pregnancy will 
be closely monitored for its duration, and the 
surgical repair takes place after birth; but if any 
fetal complication develops, then antenatal sur-
gical intervention will be required because mor-
tality is high [ 45 ]. 

 Pulmonary hypoplasia is an extremely rare 
condition characterized by an inadequate size 
and shape of the fetal lung, resulting in decreased 
pulmonary cell numbers, air space, and alveoli, 
due to pulmonary underdevelopment. It accounts 

from 9 to 11 per 10,000 live births, with a 
 mortality rate of 50–70 % [ 46 ]. Pulmonary hypo-
plasia can be primary or secondary [ 42 ]. The sec-
ondary hypoplasia occurs when an intrathoracic 
or extrathoracic  process limits the thoracic space 
for lung development. The most common intra-
thoracic causes are congenital diaphragmatic her-
nia (CDH), congenital pulmonary airway 
malformation (CPAM), bronchogenic cyst, bron-
chopulmonary sequestration (BPS), cardiac or 
mediastinal masses, pleural effusion, and skeletal 
dysplasias. The most common extrathoracic 
cause is severe oligohydramnios, secondary to 
either genitourinary anomalies or to prolonged 
rupture of membranes [ 42 ]. When a cause of a 
pulmonary underdevelopment cannot be eluci-
dated, it should be considered the hypothesis of a 
primary pulmonary hypoplasia which is much 
less common that the secondary hypoplasia [ 46 ]. 
MRI can better assess the diagnosis of pulmo-
nary hypoplasia by evaluating the changes of the 
volumes and the intensity of the lungs during the 
intrauterine life. The estimation of the fetal lung 
volume changes during the pulmonary develop-
ment, but it is a direct marker of this condition 
[ 46 ]. On T2-weighted images, the normal fetal 
lung has homogeneous and moderate signal 
intensity between that of amniotic fl uid and skel-
etal muscle. The increased alveolar fl uid produc-
tion during the fetal maturation is associated with 
a higher signal intensity. The pulmonary hypo-
plasia is suggested by an abnormal hypointensity 
of the lungs. Low intensity of the lungs is sugges-
tive of pulmonary hypoplasia [ 47 ]. 

 The congenital pulmonary airway malforma-
tion (CPAM) results from an early airway malde-
velopment that forms a cystic and non-cystic 
tissue into the terminal airways. In this rare 
anomaly, the affected enlarged lung lobe resem-
bles a tumor-like mass, often with small cysts and 
hamartomatous or dysplastic terminal bronchi-
oles. Its pathogenesis is still unknown and the 
incidence is reported as of 1 in 10,000 to 1 in 
35,000 live births [ 48 ]. Stocker et al. fi rst divided 
this entity into fi ve subtypes, as follows:
•    Type 0, the acinar dysplasia is not compatible 

with life because the CPAM involves all the 
lung lobes.  
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•   Type I (50–65 %), a lesion with a single domi-
nant cyst or multiple large cysts (diameter 
>2 cm), frequently producing mediastinal 
compression.  

•   Type II (10–40 %), the mass contains multiple 
small cysts (diameter between 0.5 and 2 cm); 
it is frequently associated with other abnor-
malities and therefore with a poor prognosis 
(Fig.  11.12 ).

•      Type III (5–10 %), the malformation produces 
a solid or microcystic large mass, with cyst < 
of 0.5 cm, characterized by a high signal inten-
sity on the T2-weighted images that depends 
on the predominantly microcystic pattern. This 

group often causes a mediastinal shift and has 
a very poor prognosis (Fig.  11.13 ).

•      Type IV lesions are large peripheral and usu-
ally asymptomatic cysts [ 42 ,  48 ].    
 The MR imaging has a variable appearance 

due to the different cystic and solid components 
of the lesion. The unilocular or multilocular 
lesions usually appear hyperintense on 
T2-weighted images, with different thickness of 
the walls [ 42 ]. The fetal MR imaging may pro-
vide morphological and volumetric evaluation of 
the lesion especially describing the vascular 
component of the malformation that can guide 
the management of the fetus. In fact, CPAM 

d
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  Fig. 11.12    Congenital pulmonary airway malformation 
(CPAM) of type II (GW 26 + 4); the lesion was already 
diagnosed at the ultrasonographic (US) screening of the 
second trimester. ( a, b ) Axial ( a ) and coronal ( b ) 
T2-weighted images (TR/TE ∞/95 ms): the lesion is local-
ized in the medium and inferior right lobes, and it is char-
acterized by many cysts of different sizes that appear 

hyperintense in comparison to the adjacent normal paren-
chyma ( arrow ,  a ). The major one measures 1.5 cm, and it 
is localized at the inferior lobe ( arrow ,  b ). Mild contralat-
eral mediastinal dislocation is present ( dashed arrow ,  a ). 
( c ,  d ) Postnatal axial ( c ) and coronal ( d ) images of com-
puted tomography: the lesion has partially decreased in 
size and the mediastinum is no longer dislocated ( arrow ,  c )       
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 usually receives blood supply from the  pulmonary 
arteries and has a venous drainage via the pulmo-
nary veins. This vascular characteristic helps the 
different diagnosis between CPAM and the bron-
chopulmonary sequestration (BPS), even if 
sometimes there can be congenital mixed malfor-
mations with either BPS or CPAM components 
[ 49 ]. Even if the natural history of this pulmonary 
lesion is variable, the authors considered the 
prognosis for a fetus with CPAM generally good. 
In fact, the spontaneous in utero regression after 
29 weeks of gestation is recognized in up to 
43–86 % of lesions [ 50 ,  51 ]. 

 A developmental mass of nonfunctioning bron-
chopulmonary tissue that lacks communication 

with the tracheobronchial tree and receives blood 
supply from the thoracic or abdominal aorta repre-
sents a bronchopulmonary sequestration (BPS) 
[ 52 ]. With an incidence of 1 per 1,000 live births, 
the sequestrations are divided anatomically into 
two different subtypes: intralobar or extralobar 
masses [ 51 ]. The intralobar mass that represents 
the 75 % of this anomaly is located within the 
parenchyma of a lung lobe, whereas the extralobar 
has its own pleural investment and may be associ-
ated with other congenital systemic anomalies, 
such as congenital diaphragmatic  hernia, cardiac 
abnormalities, pulmonary hypoplasia, or foregut 
duplication cysts [ 44 ]. Both preserve a systemic 
vascularization. Bronchopulmonary sequestrations 

a b
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  Fig. 11.13    CPAM of type III (GW 23 + 4); an isolated 
dextrocardia was described at the US screening of the sec-
ond trimester. ( a – c ) Axial ( a ), coronal ( b ), and sagittal ( c ) 
T2-weighted images (TR/TE ∞/95 ms): the lesion is rec-
ognizable as hyperintensity of left superior pulmonary 
lobe ( arrow ,  b ), in comparison to the adjacent normal 
parenchyma ( arrow ,  a ), with scissural delimitation 

( arrowheads ,  c ). Contralateral mediastinal dislocation is 
present ( dashed arrows ,  a ,  b ). ( d ) Postnatal image of con-
ventional radiography: during pregnancy, the lesion has 
progressively decreased in volume, remaining visible at 
birth as a parenchymal densifi cation at the left pulmonary 
apex ( arrow ), with complete resolution of the mediastinal 
dislocation       
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are so characterized as lung masses lacking 
 communication with the rest of the airways with 
their own blood supply [ 51 ]. Typically on the pre-
natal MR  imaging, this lesion demonstrates well-
demarcated margins, high T2 signal intensity 
relative to the surrounding pulmonary parenchyma, 
and a systemic feeding artery [ 53 ]. The recom-
mended treatment in case of BPS is removal of the 
lesion because of the risk of infection, bleeding, 
and pneumothorax and the risk of malignant trans-
formation [ 54 ]. 

 A bronchogenic cyst is a type of bronchopul-
monary foregut malformation, occurring proba-
bly between the 26th and the 40th days of the 
embryogenesis [ 42 ]. This anomaly depends on 
the timing of the developmental abnormal ventral 
budding of the tracheobronchial tree, and it is 
usually classifi ed anatomically. The mediastinum 
location is the most frequent site, and the lesion is 
commonly situated near the carina area. But 
when the developmental alteration occurs late in 
the fetal life, the lesion is located within the pul-
monary parenchyma [ 54 ]. Unfortunately, there is 
a signifi cant overlap between this malformation 
and other cystic congenital lesion such as the 
esophageal duplication cyst, usually located in 
the posterior mediastinum and the neurenteric 
cyst that is associated with a vertebral defect 
[ 43 ]. The prenatal MR imaging may demonstrate 
a unilocular cyst usually in the middle-posterior 
mediastinum with a high signal intensity on the 
T2-weighted images that corresponds to a high or 
low signal intensity on the T1-weighted images, 
depending on the cyst components [ 42 ]. 

 Congenital lobar overinfl ation (CLO) refers to 
an overinfl ation with distension of one or more 
lung lobes, due to different factors including a 
secondary defect in the bronchial cartilage or an 
extrinsic compression of an airway by an abnor-
mal artery or a bronchogenic cyst [ 55 ]. These 
causes bear a possible “check-valve mechanism” 
at a bronchial level resulting in air trapping that 
usually involves the left upper lobe or the middle- 
upper right lobes [ 44 ]. Antenatally, CLO can also 
be caused by a bronchial atresia that commonly 
causes a hyperinfl ation of the lower lobes. It is 
more common in males and can be associated 
with congenital heart defects, even if it rarely 

causes fetal complications [ 42 ]. CLO can be 
detected at MR imaging because the fl uid-fi lled 
airways have high signal intensity on the 
T2-weighted images [ 42 ]. However, this 
 homogeneous high signal intensity is indistin-
guishable from a microcystic CPAM at fetal MR 
examination [ 44 ]. 

 Congenital diaphragmatic hernia (CDH) is a 
condition that leads to pulmonary hypoplasia, in 
which a hole in the diaphragm allows abdominal 
organs to move into the chest (Fig.  11.14 ). It 
occurs sporadically in about 1 in every 
2,500/5,000 live births, and it can be associated 
with genetic and structural anomalies with poor 
prognosis [ 43 ,  56 ]. The discontinuity of the 
hypointense diaphragm on T2-weighted images 
identifi es this congenital defect of the muscle that 
separates the abdominal organs from the chest. 
CDH also usually involves the left side of the 
lung (85 %) [ 43 ]. The prenatal MR may also help 
in measuring the total fetal volume by evaluating 
both the pathological and contralateral lung size 
and assessing lung maturity, and it should be 
used to exclude the presence of cardiac, renal, 
central system, or gastrointestinal anomalies 
[ 56 ]. The pulmonary hypoplasia and/or hyperten-
sion and the liver herniation are the most impor-
tant causes of death and morbidity in fetuses with 
CDH [ 43 ].

11.4.11        Abdomen 

 Since most abdominal pathologies are easily seen 
on prenatal ultrasound, the role of MRI in the abdo-
men is less clear than in the brain and in the thorax. 
In each trimester of the pregnancy in fact, specifi c 
landmarks of the normal abdomen anatomy should 
be verifi ed by obstetric ultrasound; but occasionally, 
additional imaging information is needed [ 55 ]. The 
magnetic resonance imaging can be used as a com-
plementary imaging tool for the confi rmation of the 
ultrasonography fi ndings and as a guide for 
the clinical management of the fetus [ 56 ]. Thanks to 
the use of faster sequences and experience, the MR 
imaging of the fetal development is now more accu-
rate and precise also in the prenatal diagnosis of the 
abdomen abnormalities (Fig.  11.15 ),  especially in 
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the study of the genitourinary tract. The renal  kidney 
develops from a complex series of successive 
phases of interactions between the Wolffi an duct 
and the surrounding mesenchymal tissue [ 57 ]. 
Anomalies of the genitourinary system are com-
mon: accounting for 30 % of anomalies detected on 
prenatal sonography. The renal parenchymal dis-
ease might be recognized by cystic abnormalities 
and sometimes might present a genetic basis 
(Fig.  11.16 ) [ 57 ]. Although fetal genitourinary tract 

anomalies are frequent, the study of the urogenital 
tract is only one part of a thorough examination of 
the fetus [ 58 ]. Therefore, the fetal MR can be an 
excellent technique for revealing both: the standard 
anatomic assessment of the second or the third tri-
mester and the possible abnormalities of all the 
abdominal organs [ 57 ,  58 ]. Another use of the MRI 
is the characterization of the sacrococcygeal terato-
mas, often incompletely visualized by ultrasound 
due to shading by the iliac bones (Fig.  11.17 ) [ 58 ].

d
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  Fig. 11.14    Congenital diaphragmatic hernia (GW 
35 + 3); the lesion was already diagnosed at the ultrasono-
graphic (US) screening of the second trimester. ( a ,  b ) 
Axial ( a ) and coronal ( b ) T2-weighted images (TR/TE 
∞/95 ms): bilateral pulmonary hypoplasia secondary to 
bulky herniation of stomach and intestinal loops in the left 
chest ( arrows ,  a ,  b ), with concomitant contralateral 

 mediastinal shift ( dashed arrow ,  a ). Abundant amniotic 
fl uid is also present ( asterisk ,  a ). ( c ) Postnatal image of 
conventional radiography: complete left pulmonary 
parenchymal densifi cation ( asterisk ) and contralateral tra-
cheal shift ( arrow ) are showed. ( d ) Postnatal coronal 
image of computed tomography (CT) of the lesion       
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  Fig. 11.15    Gastroschisis (GW 34). ( a – d ) Sagittal ( a – c ) and 
axial ( b – d ) T2-weighted images (TR/TE ∞/95 ms): a defect 
of the anterior abdominal wall is present ( arrow ,  b ). It is 
localized at the right side of the midline, at the height of the 

umbilicus, with herniation of intestinal loops that fl oat in the 
amniotic cavity ( arrow ,  a ) and of the bladder ( arrow ,  c ,  d ). 
Right hydroureteronephrosis is also visible ( dashed arrow , 
 b ). In all the images, oligohydramnios is also visible       
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  Fig. 11.16    Renal polycystic kidney (GW 27 + 3). ( a – d ) 
Coronal ( a ), sagittal ( b ,  d ), and axial ( c ) T2-weighted 
images (TR/TE ∞/95 ms): the right kidney is increased 
in volume and completely replaced by multiple 

hyperintense cysts of different sizes, while the left one is 
normal ( arrow ,  a ,  c ). Right renal parenchyma is not 
recognizable. Right hydroureteronephrosis is also visible 
( dashed arrow ,  c ,  arrows ,  d )       
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