Adnexal Masses: Characterization of

Benign Ovarian Lesions

ROSEMARIE FORSTNER and KAREN KINKEL

CONTENTS

——
9.1 Introduction 197
9.2 Technical Recommendations for

Ovarian Lesion Characterization 197

9.3 Defining the Origin of a Pelvic Mass:
Adnexal Versus Extra-adnexal Versus
Extraperitoneal 199

9.4 Characterizing Ovarian Lesions 202
9.4.1 Differentiation Between Benign and
Malignant Ovarian Lesions 202
Functioning Ovarian Tumors 207
Value of Imaging 209

Ovarian Tumors in Children, Adolescents,
and Young Women 209

Value of Imaging 211

Adnexal Masses in Pregnancy 211

Value of Imaging 210

9.4.2
9.4.2.1
9.4.3

9.4.3.1
9.4.4
9.4.4.1
9.5 Benign Adnexal Lesions 212
9.5.1  Non-neoplastic Lesions
of the Ovaries and Adnexa
Physiologic Ovarian Cysts
Paraovarian Cysts 214
Peritoneal Inclusion Cysts
Theca Lutein Cysts 216
Polycystic Ovary Syndrome 216
Benign Neoplastic Lesions

of the Ovaries 219
Cystadenoma 219
Cystadenofibroma 221

Benign Teratoma 221

Benign Sex Cord Stromal Tumors

212
9.5.1.1 212
9.5.1.2
9.5.1.3
9.5.1.4
9.5.1.5

9.5.2

215

9.5.2.1
9.5.2.2
9.5.2.3
9.5.2.4 225

References 229

R. FORSTNER, MD

PD, Department of Radiology, Landeskliniken Salzburg,
Paracelsus Private Medical University, Miillner Hauptstrasse
48, 5020 Salzburg, Austria

K. KINKEL, MD, PD

Institut de Radiologie, Clinique des Grangettes, chemin des
Grangettes 7, 1224 Chéne-Bougeries, Switzerland

9.1
Introduction

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

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

9.2
Technical Recommendations for
Ovarian Lesion Characterization

MRI of the female pelvis is performed after 5h of
fasting and with prior intramuscular injection of per-
istaltic inhibitors to minimize artifacts due to bowel
movement. The patient lies on her back in a supine
position with a pelvic, torso, or cardiac coil attached
around her pelvis. The coil ideally covers the region
from the symphysis pubis up to the renal hilum. De-
pending on the woman’s height, upper coverage may
be lower and require secondary adjustment of the
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coil if hydronephrosis or retroperitoneal lymphade-
nopathy is suspected.

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

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

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

Signal intensity

Histology of T2 Native T1 Fat-sup-

ovarian pressed T1

neoplasm

Serous High Low Low

cystadenoma

Mucinous High Intermediate Intermediate

cystadenoma

Mature cystic  Intermediate High Low

teratoma

Endometrioma High High High

Fibroma Low-inter-  Intermediate Intermediate
mediate

Turbo spin echo (TSE) sequences are the sequences
of choice dueto their excellentimage resolution.Imag-
ing parameters include a field of view of 200-300 mm
with a matrix of 512%x256, slice thickness between 4
and 5 mm, and a number of signal acquisitions be-
tween two and four. T2-weighted fast spin echo (FSE)
sequences use a TR/TE around 4,000/90 ms, whereas
The TR for T1-weighted sequences is around 500 ms
with a minimum TE. Due to time restrictions, faster
T2-weighted sequences such as ultrafast half-Fourier
single-shot turbo spin-echo sequences (HASTE, 3 s
per slice) have been tested in 60 female pelvis ex-

aminations and compared to conventional and high-
resolution turbo spin echo sequences [3]. A HASTE
sequence is applied with a TR/effective TE/echotrain
of infinity/90/64 and a 128x256 matrix. HASTE pro-
vided clearer visualization of large leiomyomas and
ovarian tumors but slightly poorer visualization of
uterine cancer compared to high-resolution turbo
spin echo sequences. One of the advantages was
greater time efficacy without motion and chemical
shift artifacts. Lesion conspicuity was better with
HASTE than with conventional TSE imaging (matrix,
128x256) but lower than with high-resolution TSE
(matrix, 300x512). Because of limited image resolu-
tion, the HASTE sequence should be used when the
high-resolution TSE imaging is suboptimal or to
provide additional imaging planes as a complement
to high-resolution TSE. T2-weighted echo planar se-
quences (EPI) were not successful in the female pel-
vis compared to fast spin echo sequences. The study
showed inferior uterine zonal anatomy and ovarian
visualization in 44 (56%) of 78 and 18 (33%) of 54
cases, respectively [4]. Ovarian cystic lesions were re-
vealed more precisely by the fast spin-echo sequence
than by the EPI sequence. When T1-weighted se-
quences were compared in a pelvic and abdominal
MRI study including 70 patients, the EPI T1 sequence
allowed a 40% reduction in acquisition time without
difference in the diagnostic performance of three re-
viewers [5].

To allow the distinction of an ovarian vs uterine
origin of a mass, dynamic contrast injection might
be helpful to better delineate the early enhancing
normal myometrium [6]. This type of sequence is ac-
quired once before and three times after IV contrast
injection and corresponds to a 2D TSE sequence with
18 slices of 4 mm at a FOV of 300 mm, a matrix of
202%x512, a TSE factor of 5, a TR/TE of 550/14 with
two numbers of signal acquisition and a total acquisi-
tion time of 6 min.

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

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

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

Defining the correct origin is the first diagnostic
step in defining treatment of a suspected adnexal
mass. Depending on the site of origin the differential
diagnoses and treatment options often differ com-
pletely. Size, architecture, and location may appear
similar in adnexal, extra-adnexal peritoneal masses,
and even extraperitoneal lesions. However, special
features determining the anatomical relationship
of the mass and the surrounding pelvic anatomi-
cal structures can assist in their differentiation [9].
These parameters include visualization of ovarian
structures, the type of contour deformity at the in-
terface between the ovary and the pelvic mass, and
the displacement pattern of the vessels, ureters, and
other pelvic organs.

Identifying a mass separate from the ipsilateral
ovary indicates its nonovarian origin (Fig. 9.2). How-
ever, especially in large pelvic lesions, the ovary may
often be obscured or totally invaded by the mass [10].
Especially in smaller lesions when the ovary is not
completely obscured, identifying ovarian structures,
usually ovarian follicles, indicate its ovarian origin
(Fig.9.3). Furthermore, for this purpose analyzing
specific signs such as the beak sign, and the embed-
ded organ sign can aid in better defining its relation-
ship with the ovary. When a mass deforms the edge
of the ovary into a beak shape it is likely that it arises
from the ovary (Fig. 9.3). In contrast, dull edges at the
interface with the adjacent ovary suggest that the tu-
mor compresses the ovary but does not arise from
it [9].

Large ovarian masses typically displace the ure-
ter posteriorly or posterolaterally. The same dis-
placement pattern, however, can be caused by other
intraperitoneal lesions, such as the bladder, and
masses arising form the uterus or bowel [11]. The
iliac vessels are typically displaced laterally by an
adnexal lesion. In contrast, medial displacement of
the iliac vessels is typical for extraovarian masses,
originating from the pelvic wall or in lymphadenop-
athy (Fig. 9.4). The origin of a mass may be further
elucidated by tracking the vascular pedicle or the
ovarian suspensory ligament [9]. The presence of
ovarian vessels leading to or emerging from an ad-
nexal mass was identified in 92% of ovarian lesions
on helical CT [12]. Defining the ovarian vascular
pedicle allows the differentiation from lesions mim-
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Fig.9.1a-e. A 39-year-old woman presenting with a right adnexal [>[>
mass appearing before 8 months and a sonographic diagnosis of
atypical endometriosis. MRI is performed at day 10 of the men-
strual cycle for additional lesion characterization. Axial oblique T2
(a) and T1-weighted images (b), sagittal T2-weighted images (c),
contrast-enhanced T1-weighted images with fat saturation (FS) (d),
gross specimen photography (e). A multilocular cystic mass of the
right ovary (a) with a heterogeneous content in the most anterior
loculation (arrow). The corresponding T1-weighted image (b) shows
a hypointense content without any hemorrhagic portion excluding
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Fig.9.2a,b. Nonovarian cystic tumor. Transaxial (a) and coronal T2-weighted images
(b) in a 14-year-old girl in whom sonography, to rule out an abscess after appendec-
tomy, found a multicystic ovarian lesion. A large bilateral multiseptate lesion extend-
ing above the umbilical level is demonstrated in both planes. Identification of normal
ovaries (arrows) allows exclusion of an ovarian origin of the lesion. Histopathology
of the surgical specimen diagnosed a chyloma

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

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

Fig. 9.4. Medial displacement of the iliac
vessels. Transaxial CT in a patient with
sonographically suspected bilateral
ovarian cancer. Bilateral cystic lesions
(asterisks) with mural thickening are
simulating ovarian lesions. The dis-
placement pattern of the iliac vessels,
however, is typical for an origin from
the pelvic sidewalls. The lesions pres-
ent bilateral bursitis iliopectinea in a
patient with rheumatoid arthritis

9.4
Characterizing Ovarian Lesions

9.4.1
Differentiation Between Benign and
Malignant Ovarian Lesions

Discrimination between benign and malignant ovarian
tumors in patients who present with an adnexal mass is
important for several reasons. It may directly affect the
surgical decisions, including the adequate therapeutic
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Fig.9.5a,b. Ovarian vs extraovarian mass. Sagittal T2-weighted images images demonstrate solid lesions adjacent to the uterus
in two women of reproductive age. In ovarian fibroid (a), the uterus can be separated from the ovarian mass (arrowhead).
Ascites is found in the cul-de sac and surrounding the ovarian fibroid (a). A subserosal uterine fibroid (b) can be differentiated
from an ovarian mass by demonstration of multiple bridging vessels. The latter (arrows) are found at the interface between the

lesion and the myometrium

approach, surgical technique, and need of subspeciality
cooperation. Furthermore, in times where endoscopic
surgery has become very popular, thorough pretreat-
ment evaluation should diminish the possibility of en-
countering an unexpected ovarian cancer [15].

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

Fig.9.6. Incomplete septations. Parasagittal T2-weighted im-
ages of a left adnexal mass. Incomplete interdigitating septa
(arrows) are typical findings of a hydrosalpinx arising from
the uterus. Widening of the fallopian tube to a diameter of
4 cm at the fimbriated end is seen
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Fig.9.7. Endometrioma with absent flow. A 34-year-old patient with chronic perimenstrual left
pelvic pain. Sagittal transvaginal color Doppler sonographic image of the left ovary at day 10 of the
menstrual cycle demonstrates a heterogeneous mass (between calipers) with two layers of internal
low level echos, a wall calcification (arrow) and absent intracystic color Doppler flow. Pathology

of the ovarian cyst diagnosed endometrioma

color Doppler ultrasound to identify the presence of
intratumoral vessels indicative of solid tissue [19].
False-positive findings at ultrasound are possible
using this specific diagnostic criteria because of the
presence of vessels in solid structures in a wall thick-
ening of a dermoid cyst, also called dermoid plug,
which may contain tissue components of all three
embryonic layers such as bone, lung, and skin tis-
sue components [20]. Recognition of associated fat
within the adnexal mass eases diagnosis of mature
cystic teratoma. A second benign ovarian mass with
solid tissue corresponds to ovarian fibromas and fi-
brothecomas characterized by mainly homogeneous
solid tissue with a few small vessels and no or few
associated cystic components (Fig. 9.8) [21].

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

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

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

For all other ovarian lesions, features suggesting
that a lesion is benign include lesion size less than
4 cm, entirely cystic architecture, wall thickness less
than 3 mm, lack of internal structures, lack of ascites,
and lack of peritoneal disease or lymphadenopathy.
Using these criteria, MRI has been shown to have a
91%-95% accuracy for differentiating benign from
malignant adnexal tumors [7,27,28]. Particularly the
presence of papillary projections within an ovarian
lesion should raise the suspicion of malignancy [19].
The presence of necrosis within a solid portion of an
ovarian mass was most predictive of malignancy in a
multivariate logistic regression analysis in a popula-
tion of patients with complex sonographic adnexal
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Fig. 9.8a-c. Fibroid on US:
a 40-year-old patient with
a right adnexal mass at
physical routine examina-
tion by the gynecologist.
Transvaginal US in axial,
axial oblique (a), and
sagittal oblique (b) plane.
A 36-mm circumscribed
heterogeneous oval mass
(arrow) is demonstrated
close to the right exter-
nal iliac vessels (a) A
more oblique orienta-
tion identifies a separate
normal-appearing right
ovary (arrow) close to
the uterus (star, b). Color
Doppler image (c) shows
both the right ovary with
parenchymal ovarian
vessels (arrow) and the
adjacent solid mass with
tiny vessels (arrowheads).
No vascular communica-
tion is seen between the
ovary and the right-sided
solid mass. Subsequent
surgery and pathology
confirmed leiomatoma of
the right large ligament

C8-4v Gyn/Fert/Pel 08:12:22 Fr#64 5.0

C8-4v Gyn/Fert/Pel 08:16:15 Fr#20 5.0cm




206

R. Forstner and K. Kinkel

6.23cm
3.28cm

CLIN. DES GRANGETTES |C8-4v Gyn/Fert/Pel

Map 3
170dB/C 4
Persist Med
2D Opt:Gen
Fr Rate:Max

6.34cm
4.36cm

15:37:37

15:32:04 Fr #155 5.

Fr#23 7.2cm

Fig. 9.9a-c. Dermoid on transvagi-
nal sonography. Axial transabdomi-
nal US (a), transvaginal sagittal

US (b), color Doppler US (c) in a
40-year-old woman with incidental
left adnexal mass during ultrasound
for intrauterine device change. Axial
transabdominal ultrasound (a) of
the pelvis demonstrates a left ad-
nexal mass posterior to the uterus
containing an intrauterine device.
The left adnexal mass is isoechoic
to the myometrium and contains a
hyperechoic peripheral portion with
posterior attenuation, suggesting
calcification. The transvaginal sagit-
tal image of the mass (b) shows an
ovally shaped, well-circumscribed
mass with hyperechoic content and
wall-simulating bowel. The color
Doppler transvaginal image (c)
demonstrates utero-ovarian vessels
providing blood flow to the com-
pressed triangular ovarian paren-
chyma indicated by calipers at one
pole of the mass. The cystic content
of the heterogeneous hyperechoic
ovarian mass is confirmed by absent
intracystic color flow. Subsequent
laparoscopy confirmed mature
cystic teratoma
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Fig.9.10a,b. Vegetation within a cyst. Coronal T2-weighted images (a) and contrast-enhanced T1-weighted images with FS (b).
In a 3.5-cm ovarian cyst, a mural nodule of 10 mm with low signal intensity on T2-weighted images (a) and contrast enhance-
ment (b) is demonstrated. This finding should warrant the suspicion of malignancy, especially a borderline tumor as in this
patient. Papillary projections in cystadenomas tend to be smaller

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

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

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

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

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

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

9.4.2
Functioning Ovarian Tumors

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

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

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




208

R. Forstner and K. Kinkel

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

histopathological diagnosis was serous cystadenoma

as well as neoplasms of low malignant potential ac-
count for the majority of estrogen-producing tumors.
Granulosa cell tumors and the benign thecomas
are the most common estrogen-producing tumors
(Fig. 9.12). Some mucinous cystadenomas, and rarely
ovarian cancer and metastases may also produce es-
trogens [37]. In the majority of women of reproduc-
tive age, virilization is associated with the benign
disorder polycystic ovaries disease (PCOS). Viriliz-
ing ovarian tumors are rare, typically solid ovarian
tumors [38]. Sertoli Leydig cell tumors are typically
found in young women and account for two-thirds
of these tumors causing hirsutism or virilization. In
middle-aged women, steroid cell tumors can cause
virilization and/or Cushing’s syndrome. Further-

more, rarely granulosa cell tumors, Brenner tumors,
and fibrothecomas may also have virilizing effects.
In addition to the sex-cord stromal tumors, a va-
riety of other benign and primary and metastatic
malignant ovarian tumors may have a functioning
stroma with estrogenic or androgenic production.
However, these elevations will remain commonly
subclinical. These tumors include mucinous tumors,
rarely endometrioid carcinoma, malignant germ cell
tumors, and mucinous metastatic carcinomas [37].
Thyroid hormones are typically produced in
struma ovarii and struma carcinoids of the ovary in
subclinical levels. Hyperthyreosis seems to be present
in only 25%, and thyrotoxicosis occurs in only 5% of
patients with struma ovarii (Fig. 9.13) [37]. Primary

Fig.9.12. Granulosa cell tumor. A 52-
year-old female with a history of hys-
terectomy and unilateral oophorectomy
for granulosa cell tumors several years
before. A solid and cystic pelvic tumor
with irregular margins displacing bow-
el loops is seen at the acetabular level.
From imaging, it cannot be differenti-
ated from an ovarian cancer
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Fig.9.13. Struma ovarii. Transaxial CT
in a young woman who presented with
a complex adnexal mass at sonography
and no evidence of hyperthyreosis. A
left adnexal (arrow) surrounded by as-
cites is demonstrated in the cul-de-sac.
It is well defined, shows a thin wall, and
demonstrates a solid and cystic archi-
tecture. Within the lesion a locule (as-
terisk) of high density presents hemor-
rhage. B, bladder. Courtesy of Dr. T.M.
Cunha, Lisbon
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carcinoids of the ovary are rarely associated with
carcinoid syndrome. Metastatic carcinoids involving
the ovary,however, are associated with carcinoid syn-
drome in 50% of cases. Benign and malignant muci-
nous ovarian tumors may produce gastrin within the
cyst wall and present clinically with Zollinger-Ellison
syndrome [39].

9.4.2.1
Value of Imaging

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

9.4.3
Ovarian Tumors in Children, Adolescents,
and Young Women

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

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

women are benign and include follicular cysts and
dermoid cysts, with fewer than 5% of ovarian ma-
lignancies occurring in this age group. However, le-
sions with complex architecture should be carefully
assessed, as 35% of all malignant ovarian neoplasms
occur during childhood and adolescence. This is
especially true for children younger than 9 years,
where approximately 80% of ovarian neoplasms are
malignant [40]. A solid ovarian mass in childhood
should also be considered malignant until proven
otherwise by histology [41]. Differential diagnosis
includes dysgerminoma, neuroblastoma (Fig.9.14)
rhabdomyosarcoma, lymphoma, and nongenital tu-
mors in the pelvis. Some ovarian neoplasms occur-
ringin this age group excrete protein tumor markers,
which may aid in diagnosis and follow-up. They in-
clude alpha-fetoprotein, which is produced by endo-
dermal sinus tumors, mixed germ cell tumors, and
immature teratomas, lactate dehydrogenase, which
is secreted by dysgerminomas, and human chori-
onic gonadotropin, which is elevated in pregnancy
and pregnancy-related tumors and in embryonal
ovarian carcinomas [41]. Torsion is a special prob-
lem in children and young adults presenting with
an ovarian mass. Usually ovarian masses associated
with torsion are benign cystic lesions(Fig.9.15);
particularly lesions presenting with a size greater
than 5 cm seem to be under a special risk for tor-
sion [42]. Acute pelvic pain is the mainstay in the
differential diagnosis of a torsed ovary; however,
imaging findings may be misleading and simulate a
malignant ovarian tumor.
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Fig. 9.14a,b. Pelvic neuroblastoma. Sagittal contrast-enhanced T1-weighted images (a) and transaxial T2-weighted images (b) of
a 5-month-old girl with a sonographically detected right pelvic mass. A well-delineated solid tumor with moderate inhomog-
enous contrast enhancement (a) and bright signal on T2-weighted images (b) is seen in the posterior aspect of the pelvis. It
compresses the bladder and displaces the rectum (R) anteriorly and to the left side. Furthermore, a small lesion (asterisk) with
the same signal intensity as the tumor is seen in the sacral canal at the level of S3. At surgery, a neuroblastoma was resected,
which was composed of a small intraspinal and a large pelvic tumor component

Ovarian cysts are uncommon before puberty.
Most of these are physiologic follicular cysts that
will resolve spontaneously. Some ovarian cysts may
be hormonally active and result in precocious pseu-
dopuberty, e.g.,in McCune-Albright syndrome [43].
Development of cysts is extremely common between
puberty and 18 years of age. Most of these cysts are
functional ovarian cysts and may attain a size of up

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

to 8-10 cm. In this age group, paraovarian or meso-
thelial cysts, hydrosalpinx, tubular pregnancy, and
obstructive genital lesions may also simulate cystic
ovarian lesions. Germ cell tumors account for half to
two-thirds of the tumors in girls up to 18 years; they
present 70% of ovarian tumors in the age between
10 and 30 years [44]. The vast majority are unilateral
and present dermoid cysts. Only 3% of ovarian germ




Adnexal Masses: Characterization of Benign Ovarian Lesions

211

cell tumors are malignant. Dysgerminomas account
for approximately 50% of the malignant germ cell
malignancies in adolescents and young adults and
are followed by endodermal sinus tumors (20%)
and immature teratomas (19%). As in many ovar-
ian malignancies, rapid growth is a typical finding;
however, bilateral manifestation is more common in
dysgerminomas than in other malignant germ cell
tumors.

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

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

9.4.3.1
Value of Imaging

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

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

9.4.4
Adnexal Masses in Pregnancy

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

es have been reported to occur in 0.15%-1% of preg-
nancies. Most patients are asymptomatic at the age
of presentation, and most adnexal masses disappear
during the first 16 weeks of pregnancy [47]. The inci-
dence of ovarian cancer associated with a persistent
adnexal mass varies from 3% to 5.9% (Fig.9.16). In
a retrospective analysis of 60 adnexal masses during
pregnancy, 50% included mature cystic teratomas,
20% cystadenomas, 13% functional ovarian cysts,
and 13% malignant tumors. Among the latter, six
out of eight were tumors of low malignant potential,
and all malignant lesions were FIGO stage Ia tumors
[48]. The therapeutic regimen of an adnexal mass
during pregnancy depends on the size, sonomorpho-
logic criteria, and gestational age. Lesion size seems
to play an important role in the management of ad-
nexal masses during pregnancy. Many authors rec-
ommend conservative treatment in adnexal masses
6 cm or smaller [48]. The vast majority of these are
cysts, which will resolve spontaneously. Furthermore,

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

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

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

9.4.4.1
Value of Imaging

Adnexal masses during pregnancy are often inciden-
tal findings during fetal sonography. Sonography is
the modality of choice to further characterize these
masses, assess their size, and plan follow-up. The aim
of thorough assessment of an adnexal mass during
pregnancy is to manage typical benign masses con-
servatively and/or to postpone surgery in the second
or third trimester in order to reduce adverse fetal
outcome. MRI has been used to characterize masses

in pregnancy [49]. It is particularly useful to further
characterize sonographically solid lesions, especially
to exclude a leiomyoma and confirm the diagnosis of
a dermoid. In patients with acute abdomen, MRI is
also used as a complement to sonography to detect
nongynecological causes, e.g., appendicitis or enteri-
tis [50].

9.5
Benign Adnexal Lesions

9.5.1
Non-neoplastic Lesions of the
Ovaries and Adnexa

9.5.1.1
Physiologic Ovarian Cysts

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

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

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

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

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

a cystadenoma. The sono-
graphic follow-up showed

a considerable decrease in
size within 3 months. Small
amount of ascites in the
cul-de-sac
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self-limiting and will regress spontaneously. In con-
trast to follicular cysts, corpus luteum cysts often re-
quire a period of up to 3 months to regress.

9.5.1.1.1
Follicular and Corpus Luteum Cysts

The majority of ovarian cysts are follicular cysts re-
sulting from failure of rupture or of regression of
the Graafian follicle. Under nonpregnant conditions,
corpus luteum cysts derive from failure of regression
or hemorrhage into the corpus luteum.

Functional cysts are asymptomatic in the majority
of cases. Progesterone production may persist in cor-
pus luteum cysts, resulting in delayed menstruation
or bleeding anomalies. Large physiologic cysts may
cause abdominal pressure or low back pain. Acute
abdomen is caused by complications such as rupture,
hemorrhage, or torsion.

9.5.1.1.2
Imaging Findings in Physiologic Ovarian Cysts

Transvaginal sonography is currently the gold stan-
dard for the diagnosis of ovarian cysts. Findings in-
clude anechoic thin walled cysts for simple follicular
cysts and a fishnet like heterogeneous hypoechoic
content for hemorrhagic follicular or luteal cysts also
described with a fine trabecular jelly-like content
(Fig.9.19) [52]. Most of these cysts will disappear or
decrease in size at short-term follow-up. In all, 65% of
the cysts persisting after menstruation had resolved
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at the first control examination 3 months later, inde-
pendently of the use of oral contraceptives [53].

Simple ovarian cysts are a common incidental
finding in CT and MRI. They are unilocular and
display an imperceptible or thin (<3 mm) wall. On
CT they appear as round or oval water-density le-
sions (<20 HU). Most cysts display intermediate
to low signal intensity (SI) on T1-weighted images,
and very high signal intensity on T2-weighted im-
ages, due to presence of simple fluid. The thin wall is
best depicted on T2-weighted images as hypointense
and on contrast enhanced images as hyperintense to
ovarian stroma [51]. Hemorrhagic ovarian cysts and
corpus luteum cysts tend to display a high SI on T1
and intermediate to high SI on T2-weighted images
[51]. Corpus luteum cysts tend to have thicker walls
than follicle cysts, with distinct enhancement due to
their thick luteinized cell lining. Layering by debris
and internal fibrin clots in corpus luteum cysts can be
differentiated from papillary projections in epithelial
tumors by their lack of enhancement.

Differential Diagnosis

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

11:11:50 IR PR  Fig.9.19. Corpus luteum

cyst in sonography. A
35-year-old woman with
recent right pelvic pain.
Axial transvaginal so-
nographic image of the
right ovary shows a 25-
mm ovarian cyst with hy-
poechoic heterogeneous
content, an irregular wall,
absent intracystic color
Doppler flow, and in-
creased peripheral blood
flow within the ovarian
parenchyma, suggesting a
corpus luteum cyst. Find-
ings where confirmed at
a follow-up sonography

3 months later, demon-
strating a normal right
ovary
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Fig.9.20. Paraovarian cyst.
Transaxial T2-weighted
images shows a thin-
walled cyst (arrow) dis-
placing the left adnexa.
Not histologically verified

Both corpus luteum cysts and endometrioma may
show intracystic hemorrhage; however, only in endo-
metrioma will a prominent T2 shortening (“shading”)
be observed [54]. Furthermore, in endometriosis of-
ten multiple hemorrhagic cysts may be found.

9.5.1.2
Paraovarian Cysts

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

9.5.1.2.1
Imaging Findings

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

9.5.1.2.2
Differential Diagnosis

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

9.5.1.3
Peritoneal Inclusion Cysts

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




216

R. Forstner and K. Kinkel

defined by surrounding structures. They may become
clinically apparent due to mass effect, pain, or present
without symptoms [56].

9.5.1.3.1
Imaging Findings

Peritoneal inclusion cysts tend to take the shape of
the space they are occupying, and may displace sur-
rounding structures. The ovary or tubes lie typically
inside or inside the cyst wall and may be mistaken as
a solid nodule (Fig. 9.21). The internal architecture of
peritoneal inclusion cysts depends on the contents. In
most cases, they contain simple fluid with low SI on
T1-weighted images and very high SI on T2-weighted
images, and low density on CT. Hemorrhage and lay-
ering of hemosiderin can lead to high SI on T1 and
low SI on T2 W, and higher densities on CT. In one
study internal septa were found in 11/15 cases of
peritoneal inclusion cysts [56].

9.5.1.3.2
Differential Diagnosis

Septations within a peritoneal inclusion cyst, the
murally located ovary mimicking a solid component
within a cystic mass,and distortion of pelvic anatomy

may make the differentiation from a malignant ovar-
ian tumor difficult. The coverage of adjacent organs
and the history of a previous surgery or pelvic adhe-
sions may be key arguments for the correct diagnosis
[59].

9.5.1.4
Theca Lutein Cysts

Theca lutein cysts are ovarian cysts that are lined
by luteinized theca cells. They develop in patients
with high levels of serum human chorionic gonado-
tropin. They are not as common as other ovarian
cysts. They are associated with multiple gestations,
trophoblastic disease ,and pregnancies complicated
by hydrops fetalis, or in ovarian hyperstimulation
syndrome.

9.5.1.4.1
Imaging Findings

Theca lutein cysts are typically large, bilateral mul-
tiseptate ovarian cysts composed of simple fluid.
They may cause gross enlargement of the ovaries to
10-20 cm in diameter. T2-weighted images or con-
trast-enhanced MRI or CT will typically display no
evidence of mural thickening (Fig. 9.22).

Fig.9.21. Peritoneal inclu-
sion cyst. In a 33-year-old
woman with a history of
several previous pelvic
surgeries, a cystic lesion of
the right adnexa was found
at sonography. CT demon-
strates a cystic lesion with
thin enhancing walls and a
solid ovoid structure (arrow)
at its posterior wall. Surgery
revealed an inclusion cyst,
the solid structure presented
the normal ovary
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9.5.1.4.2
Differential Diagnosis

Theca lutein cysts may resemble bilateral cystadeno-
mas; however, the clinical background is different.

9.5.1.5
Polycystic Ovary Syndrome

Polycystic ovary syndrome (PCOS) is a complex en-
docrinologic disorder characterized by inappropriate
gonadotropin secretion that results in chronic anovu-
lation [60]. It affects as many as 5%-10% of women
of reproductive age, and is found in 50% in women
with infertility problems [61].

Although most notable in Stein-Leventhal syn-
drome, which comprises the classical findings of
amenorrhea, hirsutism, obesity, and sclerotic ovaries,
a wide range of clinical presentations exist. Only one-
quarter to one-half of the patients present the clas-
sical signs. Usually, infertility is the leading clinical
problem of patients with PCOS. Recently, ultrasono-
graphic studies reported a prevalence of polycystic
ovaries in young women of at least 20%. However,
there seems to be an overlap of polycystic ovaries and
normal ovaries [62].

An increased risk of endometrial cancer in patients
has been noted in patients with PCOS younger than
40 years of age due to chronic estrogen stimulation
[63]. PCOS may also be associated in women with ve-
nous congestion who suffer from pelvic pain [64].

Fig.9.22. Bilateral theca
lutein cysts CT at the um-
bilical level in a 27-year-old
patient with a hydatiform
mole. Bilaterally enlarged
ovaries are demonstrated
displaying numerous thin-
walled cysts of water-like
density. No enhancing solid
structures or papillary pro-
jections could be identified.
Theca lutein cysts are found
in up to 20% of patients
with a hydatiform mole

The morphologic hallmark is mild enlargement of
both ovaries, which contain multiple small cysts sur-
rounding the increased central ovarian stroma. The
follicles may concurrently exist in different stages of
growth, maturation, or atresia.

9.5.1.5.1
Imaging Findings

As there seems to be an overlap of normal and
polycystic ovaries in imaging, the diagnosis of
polycystic ovary syndrome is based on hormonal
changes as well as clinical and imaging findings
[65].

The imaging modality of choice is transvaginal US
[55]. MRI is used as a complement to US to confirm
the diagnosis of PCOS or to exclude a virilizing ovar-
ian tumor.

The imaging findings in PCOS include bilateral
moderately enlarged (up to 5cm) spherical ova-
ries with an abnormally high number of follicles
(Fig. 9.23) These follicles are typically found in a
peripheral distribution. At least ten follicles rang-
ing between 2 and 8 mm in size encircle the ab-
normally hypointense central stroma (Fig. 9.24). A
dominant follicle is typically not seen [66]. Rarely,
a normal contralateral ovary may be identified.
The ovaries are surrounded by a thickened scle-
rotic capsule and typically display abundant low
signal central stroma on T1- and T2-weighted im-
ages (Fig. 9.24).
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Fig. 9.23. Polycystic ovaries in CT. Bilat-
eral spherical ovaries (arrows) can be
identified lateral of the uterine corpus
in the ovarian fossa. Numerous uni-
formly sized follicles are found within
the ovaries in this case of PCO, which
was surgically verified

Fig.9.24a,b. Polycystic ovaries in MRI.
Transaxial T2-weighted images (a)
and parasagittal T2 WI (b) in a patient
with Stein-Leventhal syndrome. Bilat-
eral spherical ovaries are demonstrated
showing numerous small follicles of
uniform size. The latter are located in
the periphery of the ovary and surround
the ovarian stroma (asterisk), which
typically is of very low signal intensity
on T2-weighted images in PCO
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9.5.1.5.2
Differential Diagnosis

Multifollicular ovaries are found in mid to late pu-
berty as a normal finding. Multifollicular ovaries may
also result from hyperprolactinemia, hypothalamic
anovulation, and weight-related amenorrhea. They
may be differentiated from PCO by fewer cysts, the
different size of follicles, lack of stromal hypertro-
phy, and the distribution of the often larger follicles
throughout the ovary. In contrast to PCO, the ovaries
resume normal appearance after treatment.

9.5.2
Benign Neoplastic Lesions of the Ovaries

Benign ovarian neoplasm account for 80% of all tu-
mors involving the ovaries. Although there is large
spectrum of benign ovarian neoplasm, the vast
majority are encompassed by only a few different
histologic types. It is a matter of debate whether cyst-
adenomas or teratomas are most frequent. In a large
series cystic teratomas accounted for the majority of
benign lesions (58%) followed by serous cystadeno-
mas (25%) and mucinous cystadenomas (12%), be-
nign stromal tumors (fibromas/fibrothecomas) (4%),
and Brenner tumors (1%) [67].

9.5.2.1
Cystadenoma

Cystadenomas account for 37%-50% of benign
ovarian tumors in the reproductive age. Their
frequency tends to increase with age, and after
menopause, cystadenomas account for up to 80%
of the benign ovarian tumors [1]. Cystadenomas
are thin-walled unilocular or multilocular cystic
lesions filled with serous mucinous, and some-
times hemorrhagic contents. Papillary projections
within the cyst walls may be rarely found, but they
should principally raise the suspicion of a bor-
derline malignancy [68, 69]. The two types serous
and mucinous cystadenomas differ in pathology,
prognosis, and disease course.

Serous cystadenomas account for up to 40% of
all benign ovarian neoplasms. They show a peak
incidence in the fourth and fifth decades and are
in up to 20% bilateral. Mucinous cystadenomas
account for 20%-25% of all benign ovarian neo-
plasms, and are bilateral in only 2%-3% of cases.
Both are cystic lesions filled with water-like or

higher proteinaceous contents. Calcified psam-
moma bodies are a typical feature of serous cyst-
adenomas. Mucinous cystadenomas tend to be
filled with sticky gelatinous fluid. They tend to
be larger at the time of presentation. In contrast
to serous cystadenomas, mucinous cystadenomas
are typically multilocular with different contents
of the loculi (Fig. 9.25) [1]. These loculi are small
and multiple and separated by thin septations.
Rupture of a mucinous cystadenoma can result in
pseudomyxoma peritonei.

9.5.2.1.1
Imaging Findings

Although an overlap exists, imaging features may
aid in the differentiation of serous from mucinous
cystadenomas [1]. Cystadenomas are well-circum-
scribed cystic tumors with enhancing thin walls and
- if present - internal septations on CT and MRI
(Fig.9.25). The wall and septa are regular and thin
(<3 mm) (Fig. 9.26). Papillary projections are rarely
found in benign cystadenomas, and tend to be small
(Fig.9.1) [68].

The cystic loculi of serous cystadenomas display
signal of simple fluid and tend to be low in signal on
T1 and high on T2-weighted images (Fig.9.11). In
contrast, mucinous cystadenomas have often various
signal intensities depending on the contents within
the different loculi, which varies from watery to pro-
teinaceous to hemorrhagic. The sticky gelatinous
contents or mucin in mucinous cystadenomas dis-
play Sl intensity higher than water on T2 and lower SI
on T2-weighted images relative to serous fluid. When
hemorrhage is present, blood products may be iden-
tified on MRI. The loculi of mucinous cystadenomas
are often small and multiple. Multiple loculi with dif-
ferent contents within one lesion is a typical finding
of mucinous cystadenomas. Rarely, they can manifest
as a simple cyst.

Mucinous cystadenomas tend to be multilocular
and larger at the time of presentation than serous
cystadenomas. They present with a mean size of
10 cm, but may be as large as 30 cm [1].

9.5.2.1.2
Differential Diagnosis

Serous and mucinous cystadenomas may display
similar imaging findings in CT and MRI. If papil-
lary projections are found in cystadenomas, they
tend to be fewer and smaller than in borderline
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tumors [68]. The presence of a mural nodule or
focal wall thickening are signs highly indicative of
malignancy. Microscopic foci of cystadenocarcino-
ma, which may arise in serous cystadenomas, will
invariably be missed on imaging. Endometriomas
may resemble mucinous cystadenomas, especially
when they are complicated by hemorrhage. Low SI
shading on the T2-weighted images is only found
in endometrioma [54]. Furthermore, the walls in
endometriomas tend to be thicker and irregular,
and endometrioma usually are smaller than 10 cm.
Hydrosalpinx can also display as a multiloculated
uni- or bilateral adnexal lesion. In contrast to cyst-
adenomas, the loculi communicate and incomplete
septa are found. Furthermore, their origin from
the tubal angle may enable the correct differential
diagnosis.

9.5.2.2
Cystadenofibroma

Cystadenofibromas account for 1.7% of ovarian tu-
mors. They are benign serous ovarian tumors that
display as cystic tumors with variable amounts of
fibrous stroma. They can also be purely cystic with
small foci of stroma detected microscopically. The
margin tends to be well defined and smooth. Endo-
crine activity is not found.

Fig.9.25. Mucinous cystadenoma in CT.
At the level of L5, a cystic ovarian le-
sion extending to the upper abdomen
and measuring 25 cm in diameter is
demonstrated. It bulges the abdominal
wall and displaces bowel loops posteri-
orly. It displays multiple thin septations
(arrow). Loculi in the left periphery dis-
play attenuation values which are higher
than water. The large lesion size and dif-
ferent densities of the loculi are findings
suggesting the diagnosis of a mucinous
cystadenoma

9.5.2.2.1
Imaging Features

The imaging features are nonspecific and may be
similar to malignant tumors or borderline tumors.
Variable amounts of fibrous stroma in ovarian cyst-
adenofibromas produces imaging features that vary
from purely cystic to a complex cystic tumor with
one ore more solid components (Fig. 9.27). In one se-
ries of 32 ovarian cystadenofibromas, 50% displayed
as multiloculated masses identical to cystadenomas.
The other half were complex cystic tumors with one
or more solid components and smooth thickened
septa [70].

9.5.2.3
Benign Teratoma

Teratomas are the most common ovarian neoplasm
in women under 45 years of age, and account for
up to 70% of tumors in females less than 19 years
of age [67]. Ovarian teratomas derive from germ
cells and are classified into three main categories,
among which the mature cystic teratomas account
for 99%. Less common types of mature teratomas
are the monodermal teratomas, which include the
struma ovarii and carcinoid tumors. It is typical for
monodermal teratomas not to be cystic but contain
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primarily solid structures. Cystic teratomas typically
contain lipid material consisting of sebaceous fluid
within the cyst cavity or adipose tissue within the
cyst wall or the dermoid plug [71].

9.5.2.3.1
Dermoid Cysts

Dermoid cysts or mature cystic teratomas are com-
posed of mature tissue from at least two of the three

Fig. 9.26a-c. Mucinous cystadenoma. In a 48-year-old woman
with a cystic mass in sonography, complementary MRI with
coronal T2-weighted images (a), coronal T1-weighted images
(b), and contrast-enhanced T1-weighted images (c) are dem-
onstrated. Coronal T2-weighted MR image of the pelvis shows
a hyperintense multilocular cystic mass with thin septation (a)
in the right adnexal region. T1-weighted image confirms the
purely cystic content of the cyst (b). The septations are thin
and demonstrate contrast enhancement (c). Pathology after
laparoscopic removal of the ovary showed benign mucinous
cystadenoma of the ovary

germ cell layers: ectoderm, mesoderm, and endo-
derm. They are typically unilateral lesions, with only
10%-15% of dermoids found in both ovaries.

In the vast majority (88%), dermoid cysts are uni-
locular cystic lesions filled with sebaceous material.
A protuberance, the Rokitansky nodule, or dermoid
plug, projects into the cavity and is the hallmark of
dermoids (Fig. 9.17). It contains a variety of tissues,
often including fat and calcifications, which represent
teeth or abortive bone. Fat is detected in over 90%,
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teeth in 31% and calcifications in the wall in 56%
[72].

A minority of dermoid cysts will demonstrate no
fat or only small foci of fat within the wall or the Rok-
itansky nodule (Fig.9.28) [73]. YAMASHITA et al. re-
ported that 15% of mature teratomas did not show fat
within the cystic cavity. Approximately half of these
cases displayed small amounts of fat within the wall
of the dermoid or the dermoid plug. In 8% of benign
teratomas, no fat could be detected [73].

Dermoids are usually asymptomatic and tend to
grow slowly. This is why some gynecologists advo-

Fig.9.27a,b. Cystadenofibroma. Trans-
axial T1 (a) and T2-weighted images
(b). In a 77-year-old female, a cystic ad-
nexal mass showing an increase in size
in a follow-up underwent preoperative
MRI. A multiseptate cystic right adnexal
lesion (arrow) with multiple hemor-
rhagic-proteinaceous loculi displaying
high SI on the T1-weighted images (a)
is demonstrated. It displays irregular
septa of very low SI on T2-weighted
images (b). The uterus is enlarged due
to fibroids; the uterine cavity is widened
by hematometra

cate surgery in lesions larger than 6 cm in size [74].
Complications encountered with dermoid cysts are
malignant degeneration and rupture, and with up to
16% torsion [75]. Malignant degeneration occurs in
up to 2% and is usually found in the sixth to seventh
decade; it is extremely rare and arises from the der-
moid plug. The risk of malignancy is associated with
large size (>10 cm) and postmenopausal age [76].
Rupture of a dermoid can cause acute abdomen due
to granulomatous peritonitis caused by leakage of the
fatty contents. Rarely, giant dermoids are found oc-
cupying the pelvis and abdomen.
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Fig.9.28a-d. Dermoid with little fat. MRI was performed for further characterization of a sonographically suspicious cystic
and solid mass in a 31-year-old woman. Coronal T2-weighted images (a), T1-weighted images (b), T1-weighted images with
ES (c), contrast-enhanced T1-weighted images with FS (d). A multilocular mass with irregular wall thickening (arrow) (a)
arising from the right adnexa is demonstrated. Coronal native T1-weighted image (b) confirms the cystic nature of the mass.
A linear hyperintense portion is located at the lower part of the cyst (white arrow). The corresponding coronal fat-suppressed
T1-weighted image (c) shows vanishing of the hyperintense linear part confirming the presence of a small amount of fat in the
linear hypointense lower portion of the cyst (white arrow). The contrast-enhanced fat-suppressed T1-weighted image (c) shows
enhancement of an irregular wall and septa (arrowheads) corresponding to the Rokitansky nodule of a dermoid cyst with little
fat. Contrast enhancement of the mural protrusion of a mature cystic teratoma can be mistaken for ovarian cancer

Imaging Findings

Sonographic assessment of dermoid cysts is often
limited by its variety of appearance.

At CT and MRI, however, the diagnosis of fat
within a cystic mass is pathognomonic for a ma-
ture cystic teratoma [73]. The fatty elements display
characteristic low CT attenuation (-20 to -120 HU)

(Fig. 9.29). Another typical feature on CT is the pres-
ence of calcifications within the cyst wall or the der-
moid plug.

The typical MRI findings include a round or oval,
sharply delineated lesion with high SI on T1-weight-
ed images, and loss of signal on the fat-saturated
T1-weighted images, representing fat (Fig.9.30).
This fatty content may display a broad spectrum of
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appearance, including a fat-filled cavity, foci of fat
within the lesion or its wall, and a fat-fluid interface
often representing a floating mass of hair.

On T2-weighted images, the signal may be vari-
able, but it tends to be similar to subcutaneous fat.
Furthermore, chemical shift artifacts in the fre-
quency-encoding direction can be observed, which
confirms the presence of fat and differentiates it
from hemorrhage [77]. Calcification in the wall of
cystic teratomas and in the dermoid plug will often
be missed on MRI due to the low SI on T1- and T2-
weighted images.

In a patient with acute abdomen and a dermoid,
the presence of sebaceous fluid floating in the perito-
neal cavity can suggest rupture [75].

Differential Diagnosis

Although hemorrhagic lesions including endometri-
oma, hemorrhagic cysts, and neoplasm may appear
similar on the T1-weighted images and T2-weighted
images, fat-suppressed or chemical shift images are
most reliable for the differentiation of fat from hem-
orrhage [78].

When no or only small amounts of fat are present
(8%), dermoids are not distinguishable from benign
cystic ovarian tumors or ovarian cancer (Fig.9.28) [75].

Capsule perforation often arising from the der-
moid plug is a sign for malignant transformation
of a mature teratoma [79]. The rare liposarcoma or
immature teratoma may contain fat and thus may be
indiscernible from a dermoid. Immature teratomas,
however, are extremely rare,and occur in the first two
decades of life. They may occur in association with
an ipsilateral dermoid in 26%, and a contralateral
dermoid in 10%. However, at the time of presentation
they are usually very large, are predominantly solid or

Fig.9.29. Dermoid torsion in CT. Non-
contrast transaxial CT in a 37-year-old
female who presented with acute pelvic
pain. A well-demarcated left adnexal
lesion with fatty attenuation values (as-
terisk) is located adjacent to the uterus.
Linear calcifications are found at its
medial wall. An area of higher density
within the fatty tissue correlated with
floating hair in the macroscopic speci-
men. The homogenous wall thickening
(arrow) is caused by edema due to tor-
sion of the dermoid

cystic and solid, and contain only few foci of fat [80].
Collision tumors of the ovary consisting of a mature
cystic teratoma and a mucinous cystadenoma show
a multiloculated cystic mass with an area of pure fat
(Fig.9.31) [81].

9.5.2.3.2
Monodermal Teratoma

Monodermal teratomas are composed predominant-
ly or solely of one tissue type. They include struma
ovarii, ovarian carcinoid tumors, and tumors with
neural differentiation.

Struma ovarii is the most common type, and ac-
counts for 3% of all mature teratomas. It consists
predominantly or solely of mature thyroid tissue.
A mixed morphology with acini filled with thyroid
colloid, hemorrhage, fibrosis, and necrosis is found.
Rarely struma ovarii may produce thyrotoxicosis.

Carcinoid tumors are frequently associated with a
mature cystic teratoma or a mucinous ovarian tumor.
Unlike most cystic teratomas, they are predominantly
found in postmenopausal women. The course is usu-
ally benign; rarely will metastases be found. Carci-
noid syndrome is uncommon.

Imaging Findings

On CT and MRI, a struma ovarii displays as a het-
erogenous complex mass (Fig.9.13). They present
as cystic lesions or with a multilocular appearance
with loculi displaying high signal intensity on T1
and T2, some with low signal intensity on T1 and
T2-weighted images on MR. Fat is not seen in struma
ovarii [82].

Carcinoid tumors are solid tumors indistinguish-
able from solid ovarian malignancies.
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Fig. 9.30a,b. Typical findings of dermoid in MRI. A 44-year-old woman complaining about irregular menstrual cycle and a suspi-
cious adnexal mass at transvaginal ultrasound. Axial T1-weighted images (a) and T1-weighted images contrast-enhanced image
with fat suppression (b) at the acetabular level. The cystic structure of the right ovary demonstrates hyperintense contents with
a round nodule in the lower part of the cyst (arrow) (a). The hypointense content after fat suppression (b) confirms the fatty
nature of the cyst. At pathology, the round nodule corresponded to a hair ball within a mature cystic teratoma

Fig.9.31. Collision tumor of the ovary. CT
at the level of the mid pelvis in a 65-year-
old woman with sonographically suspected
ovarian cancer. A cystic right adnexal mass
is demonstrated showing multiple thin septa-
tions and a 3-cm lesion with fat density and
mural calcifications (asterisk). Pathologically,
a collision tumor composed of a benign mu-
cinous cystadenoma and a benign dermoid
was diagnosed

9.5.2.4
Benign Sex Cord Stromal Tumors

Sex cord stromal tumors include neoplasms that are
composed of granulosa cells, theca cells, and their lu-
teinized derivates, including Sertoli cells, Leydig cells,
and fibroblasts of gonadal stromal origin [37].

Tumors of the thecoma-fibroma subgroup are
characterized by fibrous components and include

fibroma, fibrothecoma, cystadenofibroma, and
Brenner tumors. They account for the vast major-
ity of the sex cord stromal tumors and are benign,
except for Brenner tumors, which may rarely be ma-
lignant.




226

R. Forstner and K. Kinkel

9.5.2.4.1
Fibroma and Fibrothecoma

Fibromas and fibrothecomas are solid ovarian tu-
mors accounting for 3%-4% of all ovarian tumors
and 10% of solid adnexal masses. They are typically
unilateral (90%), and occur in peri- and postmeno-
pausal age women.

Fibromas are composed mostly of fibroblasts and
spindle cells and abundant collagen contents. Fibromas
are not hormonally active. Fifteen percent of fibromas
are associated with ascites (Fig. 9.32), and in 1% pleu-
ral fluid is also found [83]. This triad of an ovarian
fibroma, ascites and pleural effusion constitutes the
benign Meigs syndrome, which can be associated with
elevated Ca-125 levels [84]. In basal cell nevus syn-
drome, numerous basal cell carcinomas are associated
with abnormalities of bones, eyes, brain, and tumors,
including ovarian bilateral fibromas [85].

Thecomas are composed of thecal cells with abun-
dant and varying amounts of fibrosis, and rarely con-
tain calcifications. Unlike fibromas, 60% of thecomas

have estrogenic activity and may present with uterine
bleeding. Furthermore, in more than 20%, endome-
trial carcinomas may be present concomitantly [85].

Imaging Findings

Small fibromas and fibrothecomas are solid tumors
with imaging features similar to nondegenerative
uterine leiomyomas on CT and MRI (Fig. 9.33). They
display intermediate to low SI on T1-weighted images
and typically very low SI or low SI with intermedi-
ate SI on the T2-weighted images on MRI (Fig. 9.32).
Large lesions may have an inhomogenous architec-
ture with high signal intensity foci within the low
signal intensity lesion, representing edema or cystic
degeneration [21]. Furthermore, especially in larger
lesions, dense amorphous calcifications may be seen,
which are easily detected on CT. On MRI, calcifica-
tions are typically not appreciated because of their
low SI on the T2-weighted images. Fibromas and
fibrothecomas tend to show mild or delayed gado-
linium enhancement (Fig. 9.32) [86]. Ascites may be

Fig.9.32a-c. Ovarian fibroid. Transaxial T1-weighted images
(a), T2-weighted images (b) and contrast-enhanced T1-weight-
ed images with FS (c). In a 38-year-old woman with abdominal
fullness, a large solid tumor was found. It is separated from
the right ovary and the uterus (b and c). Signal intensity on
T1-weighted images is similar to myometrium (a). The trans-
axial T2-weighted images shows a predominantly low-signal-
intensity pattern and areas of intermediate SI (b). Contrast
enhancement is less than those of the myometrium (c). In the
anterior periphery, areas of higher enhancement are seen. As-
cites as seen in this case is a feature of Meigs syndrome
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Fig.9.33a,b. Ovarian fibroma in CT. Transaxial pelvic CT at the uterine level (a) and above (b) in a 55-year-old woman with
abdominal fullness. A large lesion (asterisk) is found in the mid pelvis above the level of the uterus and bladder (b). It is well
demarcated and displays a slightly inhomogeneous solid structure . Contrast enhancement is distinctly less than that of the
myometrium (arrow). No calcifications were found throughout the lesion. Minimal ascites was seen. Histopathology revealed
a 9-cm fibroid of the left ovary

present and even large amounts are no sign of ma-
lignancy.

9.5.2.4.2
Brenner Tumors

Brenner tumors present rare ovarian tumors that oc-
cur at a mean age of 50 years. Brenner tumors con-
stitute 1%-3% of ovarian tumors. They are mostly
benign, with less than 2% demonstrating borderline
or malignant transformation. They are typically
small, solid, unilateral ovarian tumors, with 60% of
these tumors found under 2 cm in size. Extensive
calcification may be observed. The vast majority is
discovered incidentally in pathologic specimen of the
adnexa. Brenner tumors rarely produce estrogen, and
then they may be associated with endometrial thick-
ening [87].If cystic components are found in Brenner
tumors, they may be associated with cystadenomas
[88]. Up to 20% of Brenner tumors are associated
with mucinous cystadenomas or other epithelial neo-
plasm (Fig. 9.34).

Imaging Findings

The typical finding of a Brenner tumors is a small
solid tumor that displays very low SI on the T2-
weighted images [87]. Dense amorphous calcifica-
tions in a small solid ovarian tumor is a typical CT
finding. In one series of eight Brenner tumors, the

mean size was 11.5 cm, and tumors displayed a mixed
solid and cystic appearance in half of the cases, which
mimicked ovarian cancer [87]. The combination of a
multiseptate ovarian tumor with a solid part display-
ing extensive calcifications on CT or very low SI on
MRI may suggest the diagnosis of a collision tumor
of Brenner tumor and a cystic ovarian neoplasm,e.g.,
cystadenoma (Fig. 9.34).

9.5.2.4.3
Sclerosing Stromal Tumor of the Ovary

Sclerosing stromal tumor of the ovary is a rare sub-
type of the sex cord stromal tumor type. It is a be-
nign tumor and affects most commonly young girls
and women younger than 30 years of age, which is
much earlier than in the other stromal tumor types
[89]. Macroscopically, these tumors have a capsule
with peripheral edematous ovarian cortical stroma
surrounding nodular highly vascular cellular com-
ponents [89]. These tumors may have an estrogenic
effect and rarely androgenic effects, which cause pro-
longed menstrual irregularities. Ascites may be rarely
associated.

Imaging Findings

Sclerosing stromal cell tumors tend to be well encap-
sulated multiloculated cystic or heterogenous ovarian
lesions (Fig.9.35). On T1 and T2-weighted images, a
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Fig.9.34a-d. Large Brenner tumors with mucinous portion. A 75-year-old woman presenting with a large suspicious pelvic
mass at ultrasound and moderate increase in Cal25 level. Axial T2-weighted images (a), sagittal T2-weighted images (b), Sagit-
tal T1-weighted images (c), Sagittal T1-weighted images with FS. (d) A cystic mass with a solid hypointense anterior portion
is demonstrated (a). Ovarian parenchyma with two follicles is seen at the left anterior side (arrow). The small uterus (arrow)
is identified below the left ovarian mass (b). The interface between the cystic and solid portion of the mass is regular. Sagittal
T1-weighted images (c) shows absent blood within the cyst except for two blood vessels seen within the solid portion of the
mass and the anterior myometrium (arrows). At the same level as b and ¢ contrast-enhanced T1-weighted image with fat sup-
pression (d) shows heterogeneous decreased contrast enhancement of the solid portion of the cyst (white arrow) compared
to the strongly enhancing myometrium (black arrow). Histology after hysterectomy and bilateral oophorectomy diagnosed a
benign Brenner tumor of the left ovary with an associated benign mucinous portion
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Fig.9.35a-c. Sclerosing tumor of the ovary. Transaxial T1-
weighted images (a), transaxial T2 WI (b), and contrast-
enhanced T1-weighted images with FS (c) in a 29-year-old
woman with menstruation irregularities. A well encapsulated
left adnexal mass (arrow) displacing the uterus (U) is dem-
onstrated. It displays intermediate signal intensity similar to
myometrium on T1-weighted images (a). T2-weighted images
shows a solid peripheral rim with irregular contours and a
central solid portion which show low to intermediate SI (b).
They are separated by an area of very bright signal presenting
necrosis (b). After contrast media application (c) the predomi-
nantly solid architecture of the tumor is confirmed and very
high contrast uptake is shown. Courtesy of Dr. T.M. Cunha,
Lisbon

thin low-intensity rim representing a capsule is seen.
On T2-weighted images, in the periphery an irregular
low-signal-intensity rim is found adjacent to a very
bright more central portion, which has a nodular ap-
pearance. On dynamic MRI, lack of enhancement of
the outermost part and distinct early peripheral en-
hancement with centripetal progression on delayed
images has been described [89].

Differential Diagnosis

The solid morphology and the signal character-
istics of fibromas and fibrothecomas are fairly
characteristic. Pedunculated uterine fibroids and
fibroids of the broad ligaments can display simi-
lar imaging characteristics. The latter can only be
differentiated from ovarian fibromas or fibroth-
ecomas when they are separated from the ovary.
Subserosal pedunculated fibroids can be discrimi-

nated by the bridging vascular sign. Unilateral or
bilateral ovarian leiomyomas are extremely rare,
and cannot be reliably differentiated by imaging.
High-contrast media uptake in such a lesion might
suggest ovarian leiomyoma [90]. Fibromas and fi-
brothecomas with large central necrotic areas can-
not be reliably differentiated from malignant solid
ovarian masses, especially Krukenberg tumors. In
contrast to the majority of ovarian tumors, only
little or delayed contrast enhancement is observed
in ovarian stromal tumors. Dense calcifications in
CT support also the diagnosis of stromal tumors.
Small calcified solid tumors favor the diagnosis
of Brenner tumors. A multicystic tumor with fo-
cal very dense calcifications, which is only reli-
ably appreciated on CT, may suggest the diagnosis
of Brenner tumor and cystadenoma. In contrast,
calcifications in ovarian cancer tend to be small
punctuate foci, so-called Psammoma bodies.
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Sclerosing stromal cell tumors seem to have a
unique distinct centripetal contrast media uptake.
Morphologically, they may resemble Krukenberg tu-
mors or dysgerminomas.
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