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Abstract We review the clinical and imaging character-
istics of the most common ovarian neoplasms in children
and adolescents. Because of the widespread use of
diagnostic imaging, incidental ovarian neoplasms might be
encountered during the evaluation of abdominal pain,
trauma or other indications and might pose a diagnostic
dilemma. Conducting adequate imaging studies under these
conditions is important, as management strategies differ
according to the size and appearance of the lesion as well as
the age of the patient. US dominates in gynecological
imaging because of its excellent visualization, absence of
ionizing radiation and sedation risks and comparatively low
cost. For further examination of indeterminate lesions
found using US, MRI is being used more progressively in
this field, particularly for the evaluation of complex pelvic
masses with the aim of distinguishing benign and malignant
conditions and conditions requiring surgical intervention.
CT is reserved primarily for tumor staging and follow-up
and for emergency situations.
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Introduction

Although malignant ovarian neoplasms in girls are uncom-
mon and account for less than 2% of all pediatric cancers
[1–4], Pomeranz and Sabnis [5] reported that hospital
admissions for ovarian masses overall represented approx-
imately one-fifth as many emergency department admis-
sions as did appendicitis during the same study period. In a
retrospective 14-year review of 240 patients presenting at
the Children’s Hospital of Philadelphia [6] with 251 ovarian
masses, it was found that nearly half of the lesions (48.8%)
were neoplastic in etiology. Brookfield and co-workers [3]
reported an incidence for malignant ovarian tumors of
0.102 per 100,000 girls per year in girls age 9 years or
younger, with a 10-fold increase in girls age 10–19 years, to
1,072 per 100,000 girls per year. The same study also
demonstrated that it is extraordinarily uncommon for
infants younger than 1 year to have a malignant ovarian
neoplasm. However, a higher index of suspicion for
malignancy is needed in girls age 1 to 8 years, particularly
in those presenting with a chief complaint of an abdominal
mass or precocious puberty [3, 7], as malignancy can be
found in approximately a quarter of these cases. In the
9–19 years age group, benign entities such as cysts or
benign neoplasms are more common than malignant
lesions, and malignancy is found in only 10% of the cases
[3, 7]. Although ovarian malignancies are uncommon in
pediatric patients, they account for approximately 10–20%
[2, 3, 8] of the cases presenting with an ovarian mass and
result in a diagnostic dilemma.

Ovarian tumors are classified on the basis of their origin
as germ cell, epithelial, sex cord stromal or miscellaneous
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tumors. The histological distribution of these tumors in
younger patients significantly differs from that in the adult
population, and unlike the case in adults, in whom
malignant tumors of epithelial origin represent approxi-
mately 95% of all ovarian malignancies, the most common
ovarian neoplasms in females younger than 20 are of germ
cell origin [3, 6, 9, 10], which represent nearly 80% of
cases [3]. A recent 15-year review of 424 girls presenting
with ovarian masses found that germ cell tumors
constituted 50% of all pediatric ovarian malignancies,

sex cord stromal tumors 28%, epithelial tumors 17% and
other lesions 4% (ovarian involvement by leukemia and
lymphoma) [7].

Children with germ cell and sex cord stromal tumors
might exhibit acute abdominal pain as a presenting
symptom, which is related to torsion, rupture and
hemoperitoneum [11]. However, Oltmann et al. [12]
recently reported that most ovarian torsions are not related
to an underlying neoplasm acting as a lead point, and that
there is specifically a very low incidence of malignant

Fig. 1 Mature ovarian teratoma and dermoid plug in a 7-year-old girl
with abdominal pain for 2 days, emesis and anorexia. Imaging studies
were requested to evaluate for appendicitis. a Abdominal radiograph
reveals a tooth-like calcific density (black arrowhead) indicating
concern for a teratoma. b Characteristic US appearance of a mature
ovarian teratoma (white arrows), which appears as a cystic adnexal
lesion with an echogenic nodule (white arrowheads), frequently

referred to as a dermoid plug or Rokitansky nodule. Note the multiple
echogenic linear interfaces floating within the cyst representing hair
fibers, which is known as the “dermoid mesh.” c Corresponding axial
CT image confirms the presence of the ovarian teratoma (arrows). The
white arrowheads denote the dermoid plug or Rokitansky nodule. The
black arrowhead points toward the tooth-like element. The ovary and
tube were torsed at surgery

Fig. 2 Bilateral mature cystic teratomas showing fat-fluid levels in a
16-year-old with acute onset of left lower quadrant pain and emesis.
On US a large left adnexal mass was seen (image not shown). a
Parasagittal US scan through the right hemipelvis shows an additional
5-cm right adnexal lesion (between calipers) with a fat-fluid level
(curved arrows) and a Rokintansky nodule (arrowheads). b Sagittal
reformatted CT image confirms the appearance of bilateral mature

teratomas. Note the fat-fluid level (curved arrows) and the Rokitansky
nodule (arrowhead) corresponding with the US image. The arrows
denote a large additional teratoma, which is relatively high and
midline in position, a finding that should raise concern for ovarian
torsion. At surgery a left ovarian torsion was detorsed. The bilateral
ovarian masses were resected and bilateral partial oophorectomies
were performed
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ovarian tumors presenting with torsion. The likelihood of
malignancy is actually greater for patients presenting with
a chief complaint of an abdominal mass or precocious
puberty [7].

Abnormal hormonal activity, such as isosexual preco-
cious puberty, has been classically associated with estrogen
secretion in juvenile granulosa cell tumors, whereas
masculinization has been related to Sertoli-Leydig cell
tumors as a result of androgen secretion [7, 13]. Increased
serum levels of beta human chorionic gonadotrophin
(β-HCG) and α-fetoprotein (α-FP) are virtually diagnostic
for malignant ovarian germ cell tumors when positive,
although diagnosis is inconclusive if negative [7, 14, 15], as
they might be positive in only 50% of the cases [7].
Subsequent monitoring of β-HCG and α-FP can be used to

monitor for early relapse. Increased preoperative levels of
CA 125 are associated with poor prognosis [16] and are
most commonly found in association with epithelial cell
tumors [6]. Elevated serum LDH (lactic dehydrogenase)
levels have been more specifically associated with dysger-
minoma [17], while elevated α-FP levels are commonly
seen in yolk sac and Sertoli-Leydig cell tumors. Imaging
findings thought to be associated with a higher risk of
malignancy include a solid or a heterogeneous appearance
versus a cystic appearance, which is considered more
reassuring for benign lesions, although cystic lesions harbor
malignant cells in nearly 5% of cases [7]. Unlike in adults,
in whom lesions greater than 4 cm are considered
suspicious for harboring malignancy [18], in children,
ovarian masses are worrisome for malignancy if they are

Fig. 3 A mature ovarian teratoma and “tip of the iceberg” sign in a
13-year-old girl. a Magnified transabdominal pelvic US image of the
right ovary (between calipers) shows an echogenic adnexal mass
(arrows) with posterior acoustic shadowing (arrowheads) consistent
with a mature teratoma. The multitude of interfaces in the near field

resulting from the mixture of fat and hair obscures the remainder of
the lesion, and therefore the term “tip of the iceberg” is commonly used to
denote this sign. b Corresponding axial CT image demonstrates a large
amount of fatty tissue within the mass (arrows), a characteristic feature
of mature ovarian teratomas

Fig. 4 Immature ovarian
teratoma in 16-year-old
previously healthy girl who
noted an increasing abdominal
girth coincident with increasing
lower abdominal pain with
activities over approximately
3 months. a US shows a large,
complex midline mass (arrows).
b Coronal reformatted CT image
shows a large immature ovarian
teratoma (arrows) with a scant
amount of fat (arrowheads) and
a few foci of calcification. Note
the moderate amount of ascites
(asterisks). B = bladder
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larger than 7.5–8.0 cm [7, 14, 19]. In general, most
malignant tumors are responsive to chemotherapy and have
an excellent prognosis with optimal therapy [20–22].

Germ cell tumors

Ovarian germ cell tumors constitute the most common type
of ovarian neoplasms in childhood and adolescence [11].
The most common presenting symptom for these tumors is
abdominal pain, followed by abdominal distention and a

palpable mass [20]. The histological subtypes of germ cell
tumors according to the World Health Organization (WHO)
include teratoma (mature, immature and mixed); dysgermi-
noma; endodermal sinus tumor, also called yolk sac tumors;
embryonal carcinoma; polyembrioma; and ovarian non-
gestational choriocarcinoma [11]. Among malignant lesions,
malignant teratomas are the most common histological
subtype, constituting 38.5% of cases, followed by dysgermi-
noma, representing nearly 33%, and nondysgerminoma or
mixed cell types, comprising approximately 28% of cases
[22]. Among these, embryonal carcinomas, ovarian chorio-

Fig. 5 Growing teratoma syndrome in an 11-year-old following
bilateral oophorectomies for bilateral, large immature teratomas. a
Initial enhanced axial CT scan after a 2-week history of increasing
abdominal girth, decreased appetite and fatigue shows large, complex
abdominal masses with calcified and scant fatty components. Based
on pathology results, it was discovered that she had both immature
and mature components of teratoma (arrows). Note the large amount
of ascites. b Gross pathology images show a large 2,240-gram, 24×
17×13-cm mass with a partially disrupted smooth surface from which
hemorrhagic tissue is exuding. The cut surface reveals solid areas
composed of soft white-tan to red-tan gelatinous tissue, innumerable
small cystic spaces and white-tan calcified areas consistent with bone
or dental structures. c Sagittal reformatted CT and (d) coronal PET

images obtained following 4 weeks of chemotherapy reveal what
appears to be recurrent intraperitoneal disease, most pronounced
within the right upper quadrant (arrowheads) and deep pelvis (image
not shown), with extensive peritoneal implants but with better-defined
cystic, fatty and calcific densities compared to initial scans. These foci
were metabolically active on a PET scan (arrowheads). However, at
this time, the girl had a normal α-fetoprotein level. This incongruence
prompted a second look surgery for resectioning and tissue analysis.
The final pathology of the lesions removed demonstrated mature
elements from all three germ layers, including bone, cartilage,
respiratory epithelium, squamous epithelium, skin, fat, fibrous tissue
and mature neuroglial tissue consistent with gliomatosis peritonei. No
immature or malignant elements were found
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carcinoma and polyembrioma are the least common types
and usually present in a pure form in unusual cases [22].
Malignant germ cell tumors metastasize to the lungs, liver
and peritoneum [23]. Children with gonadal dysgenesis are at
increased risk for the development of germ cell tumors [24].

Mature cystic teratoma is the most common type of
ovarian neoplasm in children [25] and the only benign

form. At least two of the three germ cell layers, the
ectoderm, mesoderm or endoderm, are present in these
tumors [25]. Mature cystic teratomas are known for
containing hair, muscle, teeth, bone and skin lining the
wall and predominating at the Rokitansky nodule under
pathological examination. Mature cystic teratomas are
commonly called dermoid cysts because of the preponder-

Fig. 6 Incidentally discovered dysgerminoma with coexistent gona-
doblastoma in a 12-year-old girl with common variable immunodefi-
ciency hyper IgM syndrome. a Axial CT image shows a relatively
homogeneous enhancing soft-tissue mass (arrows) originating from

the left adnexa. B = bladder, U = uterus. b The gross pathology
specimen, a 658-gram and 14.5×11.5×7.8-cm tumor, shows a cut
surface with homogeneously tan and slightly hemorrhagic nodules
ranging from 0.5 to 3.5 cm

Fig. 7 Dysgerminoma with
coexistent mature teratoma in a
patient with Frasier syndrome,
a condition characterized by
gonadal dysgenesis, progressive
glomerulopathy and a mutation
in the Wilms tumor gene
(WT1 gene). a Sagittal US scan
through the pelvis shows a
solid adnexal mass (between
calipers). b The mass (arrows)
shows relatively homogeneous
enhancement under axial CT.
c Sagittal T2-W MRI reveals a
lobulated, high T2 signal lesion
(arrows). Note that no uterus is
identified in this midline scan,
an expected finding in this
patient with Frasier syndrome.
d The gross pathology specimen
shows a tan, fleshy nodular
tumor, 33.3 g and 6.5×5×
2.5 cm, with focal areas of
reddish discoloration. No cysts
are identified. B = bladder
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ance of ectodermal elements. Because of their various
components, mature teratomas vary in appearance, partic-
ularly on US. The size of the dermoid plug and the
magnitude and location of the calcified elements, as well as
the composition of the fatty components, are considered the
determining factors for this variable appearance [26]. Most
frequently, they manifest as a unilocular cystic lesion, with
a hyperechoic nodule protruding into the cyst lumen, the
so-called Rokitansky nodule or dermoid plug (Fig. 1). This
contains hair follicles and often fragments of bone or teeth.
The “dermoid mesh” (Fig. 1) refers to multiple echogenic
linear interfaces, representing hair fibers, that might be seen
floating within the cyst [26–29]. A fat–fluid interface is a
distinguishing feature of mature teratomas and it is related
to the presence of echogenic sebum floating above
hypoechoic serous fluid (Fig. 2) [25]. The “tip of the
iceberg” sign (Fig. 3) refers to the US appearance of the
dermoid plug as an echogenic mass in the near-field
resulting in posterior shadowing that makes visualization
of the bulk of the lesion difficult and hides the posterior
wall of the cyst. Care should be taken not to confuse an
echogenic loop of bowel for a diffusely echogenic mature
teratoma and vice versa [25]. Conversely, on CT and MRI
the appearance of mature teratomas is nearly pathogno-

monic and is characterized by the presence of intratumoral
fat consisting of adipose tissue within the cyst wall or
dermoid plug and of sebum within the cyst lumen [25]. The
latter characteristic is the most specific imaging finding for
the diagnosis of mature teratoma [30]. Fat presents a high

Fig. 8 Juvenile granulosa cell
tumor in a 3-year-old girl with
precocious puberty. a Large,
complex, heterogeneous mass
is seen with US, with solid and
cystic components (arrows).
Increased flow is noted within
the solid components on color
Doppler interrogation.
b Coronal reformatted CT
image shows the complex
appearance of the left ovarian
mass (arrows). Note the pubertal
appearance of the uterus
(arrowheads). c Sagittal
reformatted CT image shows
the complex mass in the left
lower quadrant (arrows). Note
the presence of breast buds
(arrowhead) in this patient
with premature telarche. d The
gross specimen consists of a
pink-tan mass, 188 g, 9×7×
4.5 cm. Cut surfaces reveal
yellow-tan tissue with multiple
cystic cavities, 2.5 cm in
greatest dimension, containing
straw-colored serous fluid

Fig. 9 Palpable abdominal mass in an 8-year-old girl. Enhanced axial
CT image shows a large, multiloculated cystic mass (arrows) with
enhancing septations and locules of varying sizes. Pathology was
consistent with a juvenile granulosa cell tumor. The mass results in a
bulge in the abdominal wall (arrowhead)
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signal intensity on T1-weighted sequences that is suppressed
when utilizing fat-saturation sequences. Conversely, the high
T1 signal of blood-related products or proteinaceous contents
does not suppress on fat-saturation imaging. The presence of
calcific components within the Rokitansky nodule facilitates
the diagnosis of mature teratomas, particularly on CT scans
because of their characteristic appearance in this modality
[31–33].

The reported complications of ovarian teratomas include
torsion, which is seen in nearly 15% of all cases; rupture;
infection; malignant transformation and infrequently auto-
immune hemolytic anemia and immune-mediated limbic
encephalitis [28, 32, 34].

Immature teratomas typically affect a younger age group
and have a worse prognosis [32]. These are classified
according to their level of differentiation; because the most

constant component is neural tissue, the level of malignancy is
determined by the proportion and degree of neuroectodermal
tissue differentiation. As stated previously, elevated
pre-operative levels ofβ-HCG andα-FP are nearly diagnostic
of malignant ovarian germ cell tumors; however, these might
be present in only 50% of cases [7]. Subsequent monitoring
of β-HCG and α-FP is generally utilized for relapse
surveillance. With imaging, immature teratomas are usually
larger and demonstrate prominent areas of soft tissue,
scattered foci of fat and fewer calcifications (Figs. 4 and 5)
[32]. According to Alotaibi and Navarro [35], the prepon-
derance of a cystic component with variable amounts of fat
and calcification favors the diagnosis of a mature teratoma,
while a predominantly solid appearance with scattered foci
of fat and calcification favors the diagnosis of immature
types. Recently, Vaysse et al. [19] proposed a 7.5-cm cutoff

Fig. 10 Juvenile granulosa cell tumor in a 14-year-old girl with
increasing abdominal distention. a Transverse US scan through the
abdomen shows a simple-appearing cystic lesion (between calipers)
with a few thin septations (arrowheads). b Enhanced axial CT image
shows a massive cystic mass with a simple appearance (arrows) and a
few septations (arrowhead) that proved to be a juvenile granulosa cell

tumor based on pathology. The lesion measured 30×30 cm and
spanned from pelvis to the upper abdomen. Note how the mass
herniates through the umbilicus. c Gross pathology specimen shows
an irregular 5,600-gram and 34×22×10-cm mass with a dark red
smooth and glistening external surface

Fig. 11 Sertoli-Leydig tumor in a 13-year-old with rapidly progres-
sive virilization symptoms consisting of primary amenorrhea, acne,
deepening of the voice and increased facial hair. a Sagittal US scan
through the pelvis reveals a relatively enlarged and hyperemic left
ovary (arrows) compared to the right (arrowheads). b The gross

specimen shows a red-tan to orange-tan solid tumor, 4.8 cm in greatest
dimension, replacing the ovarian parenchyma. The capsule is intact.
Microscopic evaluation revealed Sertoli-Leydig tumor with no
evidence of capsular invasion or heterologous/sarcomatous elements
within the mass
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size as an important criterion to differentiate preoperatively
between benign and malignant neoplasms. Mature teratomas
might be found in 10% of patients with contralateral
immature neoplasms; Therefore bilateral involvement does
not necessarily infer a malignant process [21].

Growing teratoma syndrome is an uncommon phe-
nomenon that follows successful treatment of malignant
nonseminomatous germ-cell tumors. Its incidence in
children with immature teratomas has been reported to
be as high as 30% [20]. It is characterized by the
appearance of secondary masses that histologically consist
of benign cells. Although the development of new or
enlargingmasses following treatment is considered recurrence
of malignancy, this is not the case with a growing teratoma.
These masses usually demonstrate better defined margins,
increased density and foci of calcification. They charac-
teristically initiate at the site of the original lesion and
extend into remote locations. Recognition of this
phenomenon is important to prevent confusion with
tumor progression (Fig. 5) [28, 36, 37].

Dysgerminomas are the least differentiated type of germ
cell tumors and are equivalent to seminomas in males.
These tumors, whether pure or combined with other
elements, are the most common form of malignant ovarian
neoplasm mainly affecting adolescents and young girls.
With imaging, they appear as a solid, lobulated mass
because of their internal architecture, which exhibits thin
fibrovascular septa that typically enhance following the
administration of an intravenous contrast agent in MR
imaging. It is not uncommon to observe calcifications or
small cysts within these lesions, which might be the result
of necrosis and hemorrhage [34, 38]. Bilateral involvement
occurs in approximately 10–15% of these cases. Unlike
other ovarian tumors, dysgerminomas are highly radiosen-

sitive and pelvic and retroperitoneal lymph node spreading
is more frequent than intraperitoneal seeding. The correla-
tion of these tumors with elevated laboratory values of
LDH helps support their diagnosis [4, 17, 21]. It is not
uncommon for dysgerminomas to be found in combination
with other germ cell tumors (Fig. 6). This is particularly
true in cases of gonadal dysgenesis, in which they are
commonly found in association with gonadoblastoma
(Fig. 7) [21, 24].

Sex cord stromal neoplasms

Sex cord stromal neoplasms originate from nongerminative
tissue and arise from sex-cord-derived cells (granulosa cells
in the normal ovary, Sertoli cells in the testis and Sertoli cells
in ovarian tumors) and ovarian stromal cells (fibroblasts, theca
cells and Leydig cells) [39]. Although several histological
types are found in this group, two main groups are
commonly considered, the granulosa-theca cell tumors and
the Sertoli-Leydig cell tumors. Sex cord stromal neoplasms
are usually hormonally active and are classically associated
either with isosexual precocious puberty (juvenile granulosa
cell tumor), or virilization and hirsutism (Sertoli-Leydig cell
tumors). However, Cecchetto and coworkers [40] recently
reported that signs of abnormal hormonal secretion were
found in only 9 out of 23 patients and that the most common
presenting symptom was abdominal pain, with or without an
associated abdominal mass. This is probably related to the
increasing use of imaging, thus permitting early diagnosis
and treatment.

Granulosa cell tumor types are the most common
malignant sex cord stromal neoplasm. Granulosa cell
tumors are unusual in the pediatric population, with the

Fig. 12 Fibrothecoma in a 13-year-old girl who presented to the
emergency department with abdominal fullness and pain. a Scout
view of the abdomen shows a mass (arrowheads) displacing the bowel
loops. b Axial enhanced CT of the abdomen demonstrates a relatively
homogeneous mass (arrows) with mild enhancement. Note the right

hydroureter (arrowhead) resulting from compression by the mass. c
Gross pathology specimen shows a firm, 115.7-gram, 7×5.3×4.5-cm,
mass that has been sectioned to reveal uniformly pale tan to white,
whorled parenchyma
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exception of juvenile granulosa cell tumors (JGCTs).
JGCTs exhibit less aggressive behavior than that of the
adult type and typically affect prepubescent girls. They are
often associated with isosexual pseudoprecocity, presenting
with breast and labial enlargement, pubic and axillary hair
and vaginal discharge [41, 42]. These physical changes are
related to the hyperestrogenic state induced by tumor
secretion (estradiol secretion in hormonally active tumors).
Postpubertal patients with hormonally active JGCTs might
develop menstrual irregularities, menorrhagia, intermen-
strual bleeding or amenorrhea [42]. JGCTs are usually
unilateral in presentation and can reach large sizes. Most
cases, approximately 90%, are diagnosed in early stages of

disease and have a favorable prognosis [42–44]. Inhibin is
the tumor marker used to monitor these lesions [42]. JGCTs
have been associated with Ollier disease and Maffucci
syndrome [39] and should be strongly considered in the
differential diagnosis of young patients with these
conditions presenting with an ovarian neoplasm. Under
gross examination, the majority of JGCTs present with solid
and cystic components. Both solid and cystic portions
might contain associated hemorrhagic products [41]. Under
microscopic examination, focal follicle formation is a
typical feature, which might explain the multicystic
appearance on imaging. Regarding imaging, granulosa cell
tumors vary widely. Granulosa cell tumors present with a

Fig. 13 Sex cord tumor with annular tubules in a 6-year-old girl with
precocious puberty. a Sagittal scan through the pelvis reveals an
enlarged ovary with multiple cysts of varying sizes (arrows). b
Sagittal T2-W MRI reveals a multicystic lesion with some T2-shading
and a few hypointense foci reflective of blood products. c-e Axial
substraction MR images show marked enhancement of their septa
resulting in a spongy appearance (c, unenhanced; d, gadolinium-

enhanced; e, substracted). Note the pubertal appearance of the uterus
(U) on US and MRI images. f The specimen consists of a 48.14 g,
5.5×5.0×3.0-cm cystic ovary. The capsular surface is tan-white and
smooth. g The cut surface shows multiple small cysts, up to 1.2 cm in
greatest dimension each, filled with clear serous or tan-yellow mucoid
material. The cyst walls are 0.1-cm thick and the cyst lining is tan-
white and smooth. B = bladder
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spectrum of imaging appearances related to their various
histological appearances and different arrangements of
tumor cells. They manifest as solid masses, as tumors with
hemorrhagic or fibrotic changes (Fig. 8), as multilocular
cystic lesions (Fig. 9) or as completely cystic neoplasms
(Fig. 10) [45]. The heterogeneous appearance of their solid
components is related to intratumoral bleeding, infarct,
fibrous degeneration, and irregularly arranged tumor cells.
Kim and Kim [46] categorized these neoplasms into two
most common types: large multiseptated cystic masses, and
medium solid masses with internal cystic components,
which refers to single, well-defined solid lesions with
internal cystic components. On MR imaging, specifically

on T2-weighted sequences, these lesions exhibit a distinc-
tive sponge-like appearance [39, 46, 47] associated with a
solid lesion of intermediate signal and innumerable cystic
spaces. Unusual presentations, including large unilocular
cystic and entirely solid forms, have also been described
[41, 46]. Intratumoral hemorrhagic products are a common
finding in granulosa cell tumors and can be seen in as many
as 70% of cases [46, 48]. Uterine changes such as uterine
hyperplasia and endometrial thickening are not uncommon
and are related to estrogenic effects [39, 45, 46].

Sertoli-Leydig cell tumors, formerly known as andro-
blastomas or arrhenoblastomas, are classically associated
with virilization. However, most of these neoplasms are

Fig. 14 Benign serous cystadenoma in a 15-year-old girl complaining
of increasing abdominal distention for the last several months. a
Coronal T2-W image reveals a large, thin-walled unilocular cystic
mass (white arrows) extending from the pelvis into the upper
abdomen measuring 22×19 cm. The lesion displaces the bowel

superiorly. b Gadolinium-enhanced fat-suppressed T1-W MRI shows
mild enhancement of the tumor thin wall (arrowheads) and demon-
strates the relationship to residual ovarian tissue with a normal
appearance (black arrows). The tumor causes a bulge in the abdominal
wall. B = bladder, U = uterus

Fig. 15 Benign mucinous cystadenoma in an otherwise healthy
15-year-old presenting with a pelvic mass. a Axial T2-W fat-
suppressed and (b) sagittal T1-W and MR images show a large,
multilocular mass (white arrows) with a small, honeycomb-like
configuration of the smaller locules characteristic of these types of

lesions. Note T2 shading within some of the locules (L) on T2-W
images that also demonstrate a high signal on T1-W images (L on b),
reflecting blood products. c Post-gadolinium axial T1-W fat-
suppressed image shows the mass (arrows) with enhancement of the
septations and no significant enhancement of the locule (L)
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nonfunctional and only 30–40% of all cases produce male
hormones [40, 44, 45]. With US, these lesions appear as
solid, predominantly hypoechoic lesions (Fig. 11), while on
MRI they manifest as predominantly hypointense solid
lesions on T2-weighted sequences, depending on their
fibrous content. In some instances, these neoplasms are
indistinguishable from granulosa cell tumors [34, 39].

Fibromas, thecomas or fibrothecomas and sclerosing
stromal tumors are generally benign histotypes arising from
the stromal elements of the ovaries. These tumors are
infrequent and are even more unusual in the pediatric
population [40]. Fibromas are rarely seen in patients
younger than 40 years of age [39] and are classically
associated with Meigs syndrome, ascites and right-side
pleural effusion, which resolve following tumor resection.
Thecomas and fibrothecomas are a spectrum of benign
tumors with variable populations of both theca cells and
fibroblasts [34, 39]. The theca cells account for the
estrogenic effects of these neoplasms. Their US and MR
imaging appearances are variable and depend on the
amount of fibrous tissue, which typically demonstrates a
low-signal on T1- and T2-weighted sequences [34, 39].
Additionally, tumors with a preponderance of fibrous tissue
will demonstrate delayed, weak enhancement in dynamic
contrast exams. With CT, fibrothecomas manifest as solid
lesions with a variable degree of enhancement (Fig. 12).
Calcifications may be present [49]. As these neoplasms
increase in size, myxoid or cystic degeneration can occur,
causing a heterogeneous appearance and less enhancement.
A lack of enhancement of the neoplasm raises suspicion for
ovarian torsion. Ascites has been reported in 30% to 82%
of these patients [39, 49].

Other sex cord stromal tumors include sex cord tumor
with annular tubules, sclerosing stromal tumors and

gynandroblastoma. Sex cord tumor with annular tubules
has morphological features of both granulosa cell and
Sertoli cell tumors and might secrete estrogens, progesterone
and a mullerian-inhibiting substance, which is used as a tumor
marker of recurrence. Sex cord tumor with annular tubules is
typically associated with Peutz-Jeghers syndrome, an
autosomal-dominant condition caused by mutations in the
SKT11 gene with loss of tumor suppressor activity.
Individuals with this syndrome are at high risk for
intestinal and extraintestinal malignancies, including
pancreatic, breast and ovarian malignancies. When
associated with Peutz-Jeghers syndrome, these tumors
are usually small, tend to contain internal calcifications
and can be bilateral. Conversely, patients with sex cord tumor
with annular tubules in the absence of Peutz-Jeghers
syndrome typically present with large, unilateral tumors
(Fig. 13) [39, 50–52].

Epithelial neoplasms

Carcinomas account for approximately 95% of ovarian
cancers in women of all ages, but they are extremely
uncommon in pre-menarchal girls. Most epithelial neo-
plasms are serous, followed by other miscellaneous
epithelial tumors, mucinous tumors, endometrioid tumors
and clear cell tumors, in order of frequency. Each of these
tumor types is further classified as benign, borderline or
malignant, according to the clinical behavior of the tumor
[53]. Serous and mucinous cystadenomas are the most
common histological types in the pediatric age group, with
serous types being more common than mucinous types [6].
These lesions initially manifest with torsion, particularly if
their size ranges 8–10 cm. Surprisingly, torsion is not

Fig. 16 Benign serous cystadenofibroma in a 19-year-old woman
with increasing abdominal distention. a Sagittal T2-W and (b) axial
T1-W MR images show an enormous unilocular cystic mass (arrows)
with a focal cluster of low signal on T2-W images (arrowhead). The
cluster is isointense on T1 (arrowhead) and barely identifiable from the
fluid of the cyst. c Photograph of the gross specimen shows a 3×2×1-cm

cluster of papillary projections (arrowhead) arising in the cyst, with
otherwise smooth lining. The specimen, 3,460 g and 24.5×21.5×
10 cm, contained approximately 600 mL of tan-yellow fluid.
(Microscopic examination of the papillary projections showed
abundant fibrous stroma)
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associated with lesions larger than 15 cm [54]. Serous
cystadenomas present as unilocular or multilocular cystic
masses with homogeneous cystic components and thin
septations (Fig. 14) but without papillary excrescences.
Mucinous cystadenomas are typically large, multilocu-
lated cystic masses with thin septations and locules that
contain fluids of differing MRI signal intensities. The

locules in these tumors are typically small and numerous
(Fig. 15) [4, 54–56]. Serous cystadenofibromas are
relatively rare, benign, epithelial-lined cystic lesions
characterized by the presence of a solid fibrous stroma
within the lesion. With MR imaging, this solid component
typically manifests with a very low signal on T2-weighted
sequences (Fig. 16) [57, 58].

Fig. 17 Small cell carcinoma of the ovary in two patients. a
Transverse US scan of the pelvis shows a predominantly solid,
complex pelvic mass (arrows) in a 13-year-old girl presenting with
lethargy and a calcium level of 18 mg/dL. Cystic changes
(arrowheads) are noted in the right portion of the mass, corresponding
to the necrotic changes seen in gross pathology. b Transverse color
Doppler interrogation through the same mass (arrows) as (a) reveals a
relative paucity of flow in this area, with relatively increased flow on
the opposite side. Note the prominent vessels seen on the left side of
the mass. c Gross pathology specimen shows a well-circumscribed,
oval, 1,600-gram and 21×16×7.5-cm, predominantly solid lobulated
mass with a tan-pink to red cut surface and with foci of cyst formation,

hemorrhage and necrosis. The cysts range from 0.2 to 2.5 cm in
maximum dimension with tan smooth walls and contain clear to
hemorrhagic fluid. (Microscopic examination, together with clinical
history, was consistent with small cell carcinoma, hypercalcemic
type). d Axial T2-W and (e) axial T1-W MR images in an 11-year-old
girl with the same type of tumor (arrows), small cell carcinoma of the
hypercalcemic type with multiple fluid-fluid levels, some of which
demonstrate low signal on T2 and high signal on T1, consistent with
blood products (arrowhead). f Coronal T1-W fat-suppressed image
following intravenous contrast administration shows heterogeneous
enhancement of the mass (arrows) with multiple internal, unenhanced
components reflecting necrosis
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Miscellaneous lesions

Small cell carcinoma of the ovary is a rare and often lethal type
of malignant tumor of the ovary primarily affecting young
women between the ages of 9 and 43 years [59, 60]. In rare
occasions these neoplasms are familial and possibly inherited
[59, 60]. The cell lineage of this tumor type is unclear, and in
the most recent WHO classification it was included in the
group of miscellaneous tumors. These tumors are usually
unilateral, with a propensity for intraabdominal spreading,
and are frequently associated with paraendocrine hypercal-
cemia [61]. Their manifestations include fatigue, lethargy,
polydypsia, and polyuria [62]. Other nonspecific clinical
manifestations include abdominal pain and swelling, pelvic
pain or mass [62]. Macroscopically, these neoplasms show
predominantly solid tissue, with areas of hemorrhage or
necrosis, and they are sometimes confounded with JGCT,
even in their pathology [60]. These tumors are usually
monitored through calcium levels. Therefore, in the concom-
itant presence of hypercalcemia and an ovarian mass in girls
and adolescents, the diagnosis of small cell carcinoma of the
ovary should be raised in the differential diagnosis (Fig. 17).

Metastatic spread to the ovary is rare in children, and
unlike in adults, it usually occurs hematogenously. It is

most commonly associated with mucinous adenocarcinoma
of the colon, followed by Burkitt lymphoma, alveolar
rhabdomyosarcoma, Wilms tumor, neuroblastoma, and
retinoblastoma [63], in order of frequency. Bilateral
involvement is encountered in as many as 56% of these
patients [63]. Large or bilateral ovarian masses, which
might be indistinguishable from the ovaries, should raise
suspicion of an underlying malignancy elsewhere that has
metastasized to the ovary. In these cases, the presence of
metastatic foci on other organs provides a clue to the
correct diagnosis. Burkitt-type non-Hodgkin lymphoma is
an uncommon cause of ovarian masses; it has been
described in pediatric patients, particularly in association
with HIV/AIDS. Imaging in these cases might reveal
solid lesions with small peripheral follicles (Fig. 18).
Recognition of this entity is important, as management
differs in such patients in whom chemotherapy is the
initial treatment of choice [64, 65].

Conclusion

It is not particularly uncommon for children to present with
or to be evaluated for ovarian masses, and most of these are

Fig. 18 A large retropharyngeal mass (image not shown) and bilateral
ovarian masses in an 11-year-old girl who had a heart transplant at
9 months of age. a Transverse US scan through the pelvis shows
bilateral, mildly heterogeneous and large pelvic adnexal masses (M)
with small, peripheral cysts (arrowheads). b Color Doppler US
demonstrates increased flow to the lesions and small peripheral cysts
(arrowheads). c Sagittal reformatted contrast-enhanced CT image

shows the two masses (M), one within the Douglas pouch and the
second extending into the lower abdomen. Both lesions are mildly
heterogeneous with small, peripheral cysts (arrowheads). Biopsy of the
retropharyngeal mass was performed and the pathological assessment
was consistent with Burkitt lymphoma, with positive in situ hybridiza-
tion for Epstein-Barr virus confirming the expected diagnosis of post-
transplant lymphoproliferative disorder. B = bladder
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benign and represent simple or complex cysts, ovarian
torsion or benign neoplasms [5, 7, 13]. US is the imaging
modality of choice for visualizing the reproductive system in
the pediatric population, particularly for the initial work–up,
whereas CT and MRI are useful for tumor staging and follow-
up. Mature teratomas are the most common benign ovarian
tumors in children and adolescents, and although their cross-
sectional imaging appearance is pathognomonic, their US
appearance is quite variable, which is related to the presence
of varying amounts of fat, calcific and cystic components [25,
26, 31, 33, 35]. A malignant ovarian lesion should be
suspected in patients with lesions larger than 7.5–8.0 cm,
lesions with predominantly solid components and in 1- to 8-
year-old patients, particularly in those presenting with an
abdominal mass or precocious puberty [7, 14, 19].
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