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Background/Purpose: To describe the clinicopathological characteristics and management of surgically removed
ovarian masses at the Royal Children’s Hospital, Melbourne from 1993 to 2012.
Methods:Medical records were reviewed retrospectively. Data regarding clinical findings, imaging and surgical
management were evaluated.
Results: There were 266 ovarian masses found in 258 surgeries (eight had bilateral masses). Most were benign
(246/266, 92.5%), 2.3% (6/266) were borderline, and 5.3% (14/266) were malignant. The most common present-
ing symptom was abdominal pain for benign masses (169/246, 68.7%), and a palpable mass for borderline and
malignant masses (12/20, 60.0%).
Sensitivity and specificity of ultrasound for detection of malignancy was 64.7% and 52.9% respectively. Ovarian
torsion occurred in 22.1% (n=57), none with malignancy, with seven cases diagnosed under one year of age.
Sensitivity and specificity of ultrasound for ovarian torsion was 22.0% and 91.9%, respectively.
The proportion undergoing ovarian cystectomy rather than oophorectomy has increased from 56.3% during

1993-1997 to 93.8% during 2008-2012 (pb0.005). Ovarian torsion was managed with ovarian conservation in
82.6% of cases between 2008-2012.
Conclusion: The majority of pediatric and adolescent ovarian masses were benign. Sensitivity of ultrasound was
fair for detection of malignancy, and poor for ovarian torsion. Conservative surgeries are increasingly common.
Level of Evidence: Level IV – case series with no comparison group
Type of Study: Retrospective Study

Crown Copyright © 2019 Published by Elsevier Inc. All rights reserved.
Most pathologic ovarian masses in the pediatric population are
benign and are managed with surgery alone [1]. When surgery is in-
dicated for a suspected benign mass, the approach is ovarian
cystectomy to preserve ovarian function [2–4], as 5-17% of women
with a single ovary from prior oophorectomy are at risk of fertility is-
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sues [5,6]. For borderline ovarian tumours, ovarian cystectomy with
close surveillance or oophorectomy has been advocated in this pop-
ulation [7]. In contrast, malignant ovarian tumours warrant
salpingo-oophorectomy to ensure their complete surgical resection
and to optimize outcome [8].

Failure to suspect or recognize a malignant tumor at the time of
surgery may compromise the prognosis due to inadvertent tumor spill
with upstaging. [9]. The need for repeat surgery and chemotherapy
may further increase morbidity [9].

This study describes the clinicopathological characteristics of pediat-
ric ovarianmasses and the evolution of their surgical management over
a 19-year period at the Royal Children’s Hospital (RCH), an Australian
tertiary pediatric center with the largest pediatric and adolescent
gynecology center in Australia.
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Table 1
Pathological findings of surgically removed ovarian masses (N=266)

Pathologic Finding (258 patients, 266 masses) n %

Non-neoplastic Masses 110 41.3%
Functional Cyst 91 34.2%

Follicular cyst 22 8.3%
Corpus Luteal cyst 11 4.1%
Hemorrhagic cyst 33 12.4%
Unspecified functional cyst 25 9.4%

Other 19 7.1%
Endometrioma 3 1.1%
Epithelial inclusion cyst 1 0.4%
Developmental cyst (mesothelial, paraovarian) 13 4.9%
Ovarian torsion without a mass⁎ 2 0.8%

Neoplastic Masses 153 57.6%
Germ Cell Tumours 104 39.1%

Mature teratomas 93 35.0%
Immature teratomas 2 0.8%
Mixed teratoma^ 3 1.1%
Dysgerminoma 5 1.9%
Struma ovarii 1 0.4%

Epithelial Tumours 39 14.7%
Mucinous cystadenoma 14 5.3%
Cystic cystadenoma 1 0.4%
Serous cystadenoma 17 6.4%
Seromucinous cystadenoma 1 0.4%
Serous cystadenofibroma 4 1.5%
Mucinous adenocarcinoma 2 0.8%

Sex cord stromal tumours 9 3.4%
Juvenile granulosa cell tumor 4 1.5%
Fibroma 1 0.4%
Thecoma 1 0.4%
Other† 2 0.8%
Unspecified‡ 1 0.4%

Other 1 0.4%
Desmoplastic small round cell tumour 1 0.4%

Unspecified 3 1.1%
TOTAL§ 266 100.0%

⁎ One associated with massive ovarian edema which obscured underlying pathology
(removed by oophorectomy) and one had ovarian torsion with unspecified underlying
cyst on histopathology (removed by cystectomy)

^ Three mixed teratomas comprising yolk sac tumor and embryonal carcinoma (one
was borderline with moderate immature elements

† one sclerosing stromal cell tumour, one SCST with annular tubules and mucinous
cystadenoma associated with Peutz Jegher's syndrome

‡ pathology reported as SCST but unspecified as to the type of SCST
§ includes 8 bilateral masses (2 follicular cysts, 4 mature teratomas, 1 mucinous

cystadenoma, 1 serous cystadenofibroma)
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1.1. Materials and Methods

The project was approved by the Royal Children’s Hospital Human
Research and Ethics committee (HREC 33221A).

All surgically treated ovarianmasses for the years 1993 to 2012were
identified by a search of the medical records, operating theatre and pa-
thology databases using the terms ‘ovarian epithelial tumor,
cystadenomas (serous/mucinous), teratomas (dermoid mature/imma-
ture), fibromas, thecomas, dysgerminomas, granulosa cell tumors,
gonadoblastoma, cystadenocarcinoma,’ ‘ovarian laparoscopy,
Figure 1. - Malignancy status
laparotomy or mini-laparotomy, cystectomy, oophorectomy, salpingo-
oophorectomy, ovarian cyst drainage/puncture, torsion/detorsion/ovar-
ian pexy’.

Cases excluded were those with no surgical intervention, or where
the cyst was not ovarian in origin (i.e. paratubal cysts or pseudocysts),
and where dysgenetic gonads were removed for conditions unrelated
to the presence of an ovarian mass (prophylactic gonadectomies in
XY females).

Data regarding clinical presentation, examination, imaging and
tumor marker results, type of surgery and histopathology of the mass
were collected.

Continuous variables were compared using t-tests, and categorical
variables using chi-squared and Fisher’s exact test. The sensitivity, spec-
ificity, positive predictive value (PPV) and negative predictive value
(NPV) of elevated tumor markers, and of imaging for prediction of ma-
lignancy were evaluated. Analyses were conducted including and ex-
cluding borderline tumours. All hypothesis tests were two-sided and
pb0.05 were considered significant. Data analyses were conducted
using Stata Version 13 (Statacorp LP, Texas, USA).

The ovarian pathology was broadly classified into neoplastic or
non-neoplastic lesions. Functional cysts, endometrioma, develop-
mental cysts and ovarian torsion without underlying cyst were
considered non-neoplastic masses. Germ cell tumours (GCT), epi-
thelial tumours, sex cord stromal tumours (SCSTs) and
desmoplastic small round cell tumor were considered neoplastic
masses. “Suspicious for malignancy” on ultrasound was deter-
mined by presence of solid components, bilaterality, ascites, and/
or intra-abdominal metastasis, and/or an ultrasound impression
of malignancy stated in the report.
2. Results

2.1. Histopathology

After 12 exclusions (four masses not of ovarian origin, four prophy-
lactic gonadectomies, four without surgical intervention), 266 ovarian
masses were found in 258 patients (including bilateral masses in eight
patients). Of these, 246 (92.5%) were benign, six (2.3%)were borderline
and 14 (5.3%) were malignant. The specific histopathological findings
are described in Table 1. (see Table 1.)

Histopathology was available for 263 masses (98.9%). Of these, 153
(58.2%) were neoplastic. Of neoplastic masses, 104 (68.4%) were GCTs,
39 (25.5%) were epithelial tumours and 9 (5.9%) were SCSTs and one
(0.4%) was a desmoplastic small round cell tumor. Malignancy status
by tumor type is illustrated in Figure 1. (see Fig. 1.)

The histology of borderline and malignant masses consisted of: ten
GCTs (five dysgerminomas, two immature teratomas and three mixed
teratomas); six epithelial tumours (four borderline mucinous
cystadenomas and two mucinous cystadenocarcinomas); three SCSTs
(all Juvenile Granulosa Cell Tumours (JGCT)) and one desmoplastic
small round cell tumor.
by ovarian tumor type.

Image of Figure�1
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2.2. Patient Characteristics

For all masses, the median age of presentation was 13 years (inter-
quartile range (IQR):10-15 years; Range: 1 day-19 years).

Twenty-one patients were aged b1 year. In this age group, 85.7%
(18/21) were diagnosed with an intra-abdominal mass on antena-
tal or postnatal ultrasound. Where recorded, 41.2% (7/17) of
those b1 year had a palpable mass. One presented with precocious
puberty and the histopathology of the mass was a JGCT. The major-
ity of ovarianmasses in this age groupwere functional cysts (19/20,
95.0%).

The median age of presentation according to histological type was:
13 years (IQR 11-15) for functional cysts; 13 years (IQR 11-15) for
those with functional cysts when perinatal cysts below 1 years of age
were excluded; 11 years (IQR 9-14) for GCTs, 15 years (IQR 13-16) for
epithelial tumours, and 13 years (IQR 5-14) for SCSTs.

The median age of presentation according to benign, borderline and
malignant status was 13 years (IQR:10-15), 14 years (IQR:13-15) and
12.5 years (IQR:8-15) respectively. Age b8 years was not predictive of
malignancy (p=0.8; OR 0.87 95%CI 0.14-3.24).
2.3. Presenting Signs and Symptoms

The most common presentation for benign masses was abdominal
pain (169/246, 69%) but malignant masses (including borderline tu-
mours) most commonly presented as a palpable mass (12/20, 60%)
and abdominal distension (9/20, 45%). Other presentations that were
significantly associated with malignancy (including borderline tu-
mours) as opposed to benign tumours were abdominal distension, a
palpablemass, ascites and cachexia (pb0.005) (see Fig. 2). DICER 1 syn-
drome was not seen in any of the nine patients with SCST. One patient
had an SCST with annular tubules and mucinous cystadenoma associ-
ated with Peutz-Jeghers syndrome.
Figure 2. - Presenting symptoms of benign and ma
2.4. Diagnostic Imaging

Twenty-three patients (8.9%) underwent surgery without an ultra-
sound for presumed acute abdomen, 25(9.7%) had an ultrasound per-
formed elsewhere, and the remainder (n=210) had an ultrasound
performed at our institution.

With regards to ultrasound findings, there were 13 cases where
there was radiological uncertainty about the likely histopathology, and
56 cases where a final radiological impression was not given. Of the
141 cases where a final radiological impression was given, 49.7%
(n=70) matched the final histological diagnosis.

Mass size was reported on ultrasound in 45 patients. The median
size of malignant masses was 127mm, borderline masses was 172mm
and benign masses was 64mm.

Ultrasound revealing suspicious features ofmalignancy had sensitiv-
ity, specificity, PPV and NPV for malignancy (including borderline tu-
mours) of 64.7%, 52.9%, 10.8% and 94.4%, respectively. When
borderline tumours were excluded, the sensitivity, specificity, PPV and
NPV for malignancy was 66.7%, 52.9%, 8.1% and 96.2%, respectively.

Computed tomography (CT) scan was performed in 35 (13.6%) pa-
tients and magnetic resonance imaging (MRI) was performed in 12
(4.7%) patients. In patientswhohad a CT, 21 (60.0%) had benignmasses,
three (8.6%) had borderlinemasses and 11 (3.1%) had amalignantmass.
Themajority of patients whohad anMRI had benignmasses (11, 91.7%)
and only one patient had a malignant mass (1, 8.3%).
2.5. Tumor Markers

Tumormarkers (CEA: carcinoembryonic antigen; CASA: cancer asso-
ciated serum antigen; FSH: follicle stimulating hormone; LH: luteiniz-
ing hormone; LDH: lactate dehydrogenase, CA 125: cancer antigen 125;
CA19.9: cancer antigen 19.9; β-HCG: beta-human chorionic gonadotro-
pin; AFP: alpha fetoprotein) were ordered in 54.3% (150/266) of cases.
lignant (including borderline) ovarian masses.

Image of Figure�2


Table 2
Sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV) of tumor markers for malignancy

Any Tumor Marker Elevated Total tested Total elevated Sensitivity %
n/n

Specificity %
n/n

PPV
%
n/n

NPV
%
n/n

For detection of malignancy (including BOT) 140 39 76.5 78.9 33.3 96.0
13/17 97/123 13/39 97/101

For detection of malignancy (excluding BOT) 137 38 85.7 78.9 31.6 98.0
12/14 97/123 12/38 97/99

For detection of a BOT 126 27 33.3 78.9 3.7 98.0
1/3 97/123 1/27 97/99

BOT: Borderline Ovarian Tumor
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Sensitivity, specificity, PPV and NPV for detection of malignancy
when any of the above tumor markers were elevated, are described in
Table 2. (See Table 2) Tumor markers were not undertaken in patients
under 1 year of age.

2.6. Surgical Management

In terms of management, the proportion of ovarian cystectomies
(compared to oophorectomies) increased significantly (pb0.005) from
56.3% of all surgeries in 1993-1997 to 93.8% in 2008-2012 (see Fig. 3).

For benign masses, the proportion of cystectomies performed in-
creased (from56.3% of total surgeries in 1993-1997 to 91.3% of total sur-
geries in 2008-2012) while the number of salpingo-oophorectomies
and oophorectomies decreased (from 37.5% to 3.8%). Three of the six
borderline tumours were excised via cystectomy, two via salpingo-
oophorectomy and one via oophorectomy.
Figure 3. - Surgical management from 1993 to 2012
Of the 14malignantmasses, 12 (85.7%) were excised by primary oo-
phorectomy and/or salpingectomy; one was managed with ovarian
cystectomy with interval oophorectomy and no residual disease after
histopathology revealed a malignant JGCT; and one underwent
salpingo-oophorectomy and residual tumorectomy after primary sur-
gery elsewhere.

The proportion of surgeries performed by gynecologists in-
creased from 10.6% in 1993-1997 to 70.4% in 2008-2012 (pb0.005)
(see Fig. 3).

Laparoscopy rose from 14.9% of procedures in 1993-1997 to 63.3% in
2008-2012 (see Fig. 3). Table 3 summarizes the proportions of benign,
borderline and malignant masses that were removed laparoscopically,
via laparotomy and both (laparoscopic converted to laparotomy). (see
Table 3) Of eight patients with bilateral masses, seven underwent sur-
geries via open laparotomy and one had initial laparoscopic approach
converted to laparotomy due to findings of large mass size intra-
(N=258 cases; ovarian torsion N=57 cases).

Image of Figure�3


Table 4
Proportions of benign ovarian masses reported in the literature

Study 1 2 3 4

Year 2015 2014 2014 2013
Total No of Masses 111 521 244 65

BENIGN NEOPLASTIC
Germ Cell
Mature Teratoma 32, 29% 270, 52% 55, 23% 42, 65%
Immature Teratoma
Epithelial
Serous cystadenoma 10, 4% 2, 3%
Mucinous cystadenoma 9, 4%
Unspecified cystadenoma 6, 5% 86, 17%
Mixed seromucinous
Serous cystadenofibroma
Sex cord stromal
Juvenile granulosa 3, 1%
Sertoli-Leydig 1, 0.4%
Fibroma 1, 0.2% 2, 1%
Other benign disease 9,b 2%
Struma Ovarii 3, 1%
Endometrioma 32, 6%
Total Benign Neoplastic 38, 34% 369, 71% 80, 33% 44, 68%

NON-NEOPLASTIC
Simple/follicular cyst 26, 24% 43, 8% 24, 10% 6, 9%
Corpus luteal cyst 9, 2% 31, 13% 1, 2%
Haemorrhagic cyst 12, 5%
Paratubal cyst 61, 25%
Paraovarian cyst 5, 5% 9, 4%
Endometrioid cyst/endometriosis
Ovarian Torsion 7, 6% 8, 2%
Other Non-Neoplastic 7,a 6% 8,c 3%

Total Non-Neoplastic 45, 41% 92, 18% 145, 59% 7, 11%

1. Hermans et al; Adnexal masses in Children and Adolescents [37]
2. Zhang et al; Ovarian masses in Children and Adolescents [27]
3. Cribb et al; Paediatric ovarian lesions – the experience at Starship Children’s Hospital [38]
4. Ki et al; Clinicopathological review of ovarian masses in Korean premenarchal girls [12]
5. Spinelli et al; The role of tumor markers in the surgical approach of ovarian masses in pedia
6. Kirkham et al; Characteristics and management of adnexal Masses, Canadian Pediatric and
7. Spinelli et al; Evaluation, management and outcome of pediatric ovarian lesions [8]
8. De Silva et al; Ovarian lesions in children and adolescents [18]
9. Deligeoroglou et al; Ovarian masses during adolescence [29]
10. Cass et al; Surgery for ovarian masses in infants, children and adolescents [7]
11. Brown et al; Ovarian masses in children [24]

a: normal ovaries (1), pseudocyst (3), autoamputation (3)
b: fibrothecoma (4), sclerosing stromal tumor (3), ovarian theca cell tumor (1), ovary sex co
c: broad ligament cyst (3), tubo-ovarian cyst (3), fimbrial cyst (2)
d: salpingo-oophoritis
e: pure gonadoblastoma (1), stromal tumours (2)
f: streak gonads without neoplastic change (3)
g: study included girls aged 12 to 21 years old
h: cystic lymphangioma
i: hemo/hydrosalpinx (2), biopsy of normal ovary (2), ovotestis (1)
j: torsion with cysts (unspecified type)
k: unspecified type

Table 3
Proportions of masses that were removed laparoscopically, via laparotomy and both (lap-
aroscopy converted to laparotomy)

Laparoscopy,
n (%)

Laparotomy,
n (%)

Both,
n (%)

Total,
n (%)

Benign 99 (41.1) 133 (55.1) 9 (3.7) 241A (100)
Borderline 0 4 (66.7) 2 (33.3) 6 (100)
Malignant 1B (7.7) 12 (92.3) 0 13C (100)
Total 100 (38.5) 149 (57.3) 11D (4.2) 260 (100)

A Five benign masses with unrecorded surgical approach
B Dysgerminoma in a 16-year old who underwent bilateral gonadectomy for streak

gonads
C One malignant mass with unrecorded surgical approach.
D Reported reasons for conversion from laparoscopy to laparotomywere difficult entry/

access (3, 27.2%), to optimize salvage of a torted ovary (3,27.2%), largemass (2, 18.1%), and
concerning intra-operative findings (3, 27.2%).
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operatively. The surgeries performed for these included seven
cystectomies and one cyst aspiration.

Fifty-six patients (21.7%), had a repeat presentation (20 had a new
cyst and pain, 33 had recurrence of pain alone, 3 had unrecorded etiol-
ogy/symptomsbut proceeded to repeat laparoscopy). Themedian inter-
val between operative treatment and re-presentation was 3.5 months
(95% CI 2.0-6.0: range:b1 to 48 months).

Three further patients were taken back to theatre for interval proce-
dures related to malignancy.

One had additional staging (peritoneal washings and biopsies) after
initial cystectomy with histopathology revealing borderline mucinous
cystadenoma. There was no evidence of tumor recurrence.

One had oophorectomy after an initial cystectomy which revealed
malignancy on histopathology (malignant JGCT).

One patient had bilateral ovarian masses and had initially been
planned for bilateral cystectomy. Left-sided cystectomy was performed
5 6 7 8 9 10 11

2012 2011 2008 2004 2004 2001 1993
127 67 72 134 47g 106 91

29, 23% 20, 30% 17, 43% 27, 20% 15, 32% 42, 40% 25, 27%
1, 1%

10, 8% 13, 19% 6, 24% 1, 1% 4, 9%
8, 6% 5, 7% 2, 2% 1, 2%

3, 3%

2, 2% 1, 1%

3, 3%

5, 4% 2, 3% 3, 6%
3,e 2% 1,h 1%

1, 2%
1 2%

54, 43% 35, 52% 31, 43% 33, 25% 23, 49% 47, 44% 28, 31%

33, 26% 5, 8% 12, 17% 81, 61% 5, 11% 11, 10% 22, 24%
3, 5% 10, 14% 7, 15% 15, 14%

28, 22% 4, 6%
12, 18%

9, 13% 5, 11% 2, 2%
6, 9% 6, 13%

7, 6% - 6, 5% 16, 15% 13,j 14%
1,d 1% 3,f 2% 5,i 5% 9,k

10%
68, 54% 24, 36% 38, 53% 90 67% 23, 49% 49, 46% 44, 48%

tric age [20]
Adolescent Population [13]

rd tumor (1)



Table 5
Proportions of malignant ovarian masses reported in the literature.

Study 1 2 3 4 5 6 7 8 9 10 11

Year 2015 2014 2014 2013 2012 2011 2008 2004 2004 2001 1993
Total No of Masses 111 521 244 65 120 55 72 134 47 105 91

Germ Cell
Dysgerminoma 7, 6% 4, 1% 2, 1% 3, 5% 1, 2% 2, 2% 4, 4% 2, 2%
Yolk Sac Tumour 1, 1% 5, 1% 5, 2% 2, 3% 2, 2% 1, 2% 2, 3% 1, 1% 1, 1%
Endodermal Sinus Tumour 4, 4%
Immature Teratoma 5, 5% 19, 4% 3, 1% 5, 8% 1, 2% 2, 2% 4, 4%
Choriocarcinoma 2, 2%
Embryonal Carcinoma 1, 1% 1, 1%
Mixed Germ Cell Tumour 3, 3% 4, 1% 3, 1% 1, 2% 2, 2% 1, 1%,

Epithelial
Mucinous Cystadenocarcinoma 1, 1% 8, 2% 1, 2% 1, 1% 1, 1%
Papillary Cystadenocarcinoma 1, 1%
Serous Cystadenocarcinoma 1, 1%
Endometrioid Adenocarcinoma 1, 1%
Borderline epithelial 2, 2% 13, 3% 4, 2% 2, 2%

Sex Cord Stromal (SCT)
Juvenile Granulosa Cell Tumour 4, 4% 1, 1% 2, 3% 1, 2% 2, 2%
Adult Granulosa Cell Tumour 2, 2%
Sertoli-Leydig Cell Tumour 1, 1% 4, 1% 1, 2% 1, 1%
Borderline SCT 3, 2%
Unspecified SCT 1, 1%
Other Malignant 2,a 0.4% 2,b 1% 3,c 2% 4,d 6% 1,e 1% 1,f 1%
Total Malignant 28, 25% 60, 12% 19, 8% 14, 22% 5, 4% 8, 12% 3, 4% 11, 8% 1, 2% 10, 9% 19, 21%

1. Hermans et al; Adnexal masses in Children and Adolescents [37]
2. Zhang et al; Ovarian masses in Children and Adolescents [27]
3. Cribb et al; Paediatric ovarian lesions – the experience at Starship Children’s Hospital [38]
4. Ki et al; Clinicopathological review of ovarian masses in Korean premenarchal girls [12]
5. Spinelli et al; The role of tumor markers in the surgical approach of ovarian masses in pediatric age [20]
6. Kirkham et al; Characteristics and management of adnexal Masses, Canadian Pediatric and Adolescent Population [13]
7. Spinelli et al; Evaluation, management and outcome of pediatric ovarian lesions [8]
8. De Silva et al; Ovarian lesions in children and adolescents [18]
9. Deligeoroglou et al; Ovarian masses during adolescence [29]
10. Cass et al; Surgery for ovarian masses in infants, children and adolescents [7]
11. Brown et al; Ovarian masses in children [24]

a: gonadoblastoma
b: small cell carcinoma (1), B cell lymphoma (1)
c: fibrosarcoma (1), polyembryoma (1)
d: borderline unspecified
e: unspecified type
f: leukemic infiltration
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for themasswhichwas revealed to be a benignmature teratoma; and in
view of suspicious content, right salpingo-oophorectomy was per-
formed for themass which was revealed to be borderline JGCT. This pa-
tient had a relapse of JGCT 4 years later and returned to theatre for stage
3B debulking surgery.

2.7. Ovarian Torsion

Ovarian torsion was found in 57 of 258 (22.1%) subjects, none of
whom had a malignancy. Of the entire cohort that had an ultrasound
performed (n=235), torsion was suspected on ultrasound in 26. Of
these, 11/26 (42.3%) were confirmed to have a torsion intraoperatively.

When torsionwas not suspected on ultrasound (n=209), therewas
an intra-operative finding of torsion in 45 cases (45/209, 21.5%). Sensi-
tivity, specificity, positive predictive value (PPV) and negative predic-
tive value (NPV) of ultrasound impression for ovarian torsion were
22.0%, 91.9%, 42.3%, 81.3% respectively.

Seven perinatal torsionswere treated by surgery in patients aged b1
year, of whom on ultrasound, six (85.7%) had ovarian cystic compo-
nents, three (42.9%) had solid components and two (28.5%) were
multi-loculated. Four masses with size recorded were larger than
40mm. Six torsions were confirmed intraoperatively and one on histo-
pathology. Findings in two cases were of free floating ovarian cysts
and attached pedicle in the abdomen.
The median size of the masses that torted in patients ≥ 1year, was
85.0mm (IQR: 65.0-107.0mm; range: 20.0-270.0mm). In patients aged
b1 year, the median torted mass size was 45.0mm (IQR: 34.5-55;
range: 29-60mm).

Of the 45 torsions not suspected preoperatively, median size of the
mass found during surgery was 79 mm (range 39 – 270mm).

The management of ovarian torsion has also changed significantly
(p=0.003) over the years. In 1993-1997, 85.7% (6/7) were managed
by salpingo-oophorectomy. By 2008-2012 salpingo-oophorectomy/
oophorectomy constituted only 13.0% (3/23) of surgeries performed
for torsions while the remaining 87.0% (20/23) underwent detorsion
and cystectomy (18/23) and aspiration (2/23). There were no cases of
oophoropexy.

3. Discussion

This is a large study of surgically removed pediatric and adolescent
ovarian masses. Many previous studies are limited by small sample
size [7,10–13], involve only specific sub-sets of the population (i.e.
premenarcheal girls) [12], or review only specific tumor types [14–17]
[18]. Our study center provides a unique insight into the outcomes at
a center with a tertiary pediatric gynecology service. In comparable set-
tings (large tertiary pediatric hospitals serving similar populations),
prevalence of benign neoplastic and non-neoplastic masses ranged
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from 25%-71% and 11%-67%, respectively (see Table 4). Prevalence of
malignancy ranges from 2%-25% (see Table 5); whilst in specialized pe-
diatric oncology centers, it may reach 55% [19].
3.1. Histopathology

Prevalence of neoplastic and non-neoplastic masses (57.6% and
41.4%, respectively) were similar to estimates from smaller surgical se-
ries (48.4-64.0%) [1,14,20] and 11%-51% [14,20], respectively. As
established in the literature [7,11,14,21], we found GCTs were the
most common ovarian neoplasm (104/153, 68.4%). The vast majority
of GCTs were benign mature teratomas (93/104, 89.4%).

Epithelial tumours consisted 25.5% (39/153) of neoplastic masses
and 14.7% (39/266) of all masses, while SCSTs consisted 5.9% (9/153)
of neoplastic masses and 3.4% (9/266) of all masses. In children, epithe-
lial ovarianmasses is known to be predominantly serous andmucinous
tumours [14]. This was reflected in our study as the majority of epithe-
lial masses were mucinous cystadenomas (14/39, 35.9%) and serous
cystadenomas (17/39, 43.6%). Adenocarcinoma of the ovary is rare
and the mortality rate is high when diagnosed at an advanced stage
[14]. In our study, there were two mucinous adenocarcinomas. One pa-
tient is known to be deceased.

SCSTs were the least common ovarian neoplasm in our study but
had the highest likelihood of being malignant (22% were malignant
and 11% were borderline) compared to the other ovarian neoplasms
(see Fig. 1). They are associated with hereditary syndromes including
Peutz-Jeghers syndrome and DICER1 Syndrome [22,23].
3.2. Patient Characteristics

The use of patient age to predict likelihood of benign or malignant
disease is controversial [17]. Some studies observed that younger pa-
tients (aged b8 years) were more likely to have malignant disease
while others report that the risk ofmalignancy increaseswith age, espe-
cially around puberty [17,24–26]. In our study, we did not find age b8
years to be predictive of malignancy. We found that the most common
presentation in malignancy was a palpable mass, similar to other stud-
ies of pediatric ovarian malignancies [10,18,26,27].
3.3. Diagnostic Imaging

In adults, ultrasound has high sensitivity (96%) and specificity (90%)
for classifying ovarian masses and is considered a useful diagnostic tool
for evaluation of malignancy [28].We foundmuch lower sensitivity and
specificity of ultrasound to detect malignancy in our population (67%
and 53% respectively). Furthermore, ultrasound impression correlated
with final histopathological diagnosis in only about half of cases. This
agrees with other reports which have found ultrasound less reliable in
the pediatric population [19,24,27]. Ultrasound however remains the
initial imaging method of choice as it is non-invasive and widely avail-
able [29,30].

With regards to ovarian torsion, we found a low sensitivity (22.0%)
of ultrasound for a specific radiological diagnosis of torsion. Features
on ultrasound commonly associated with ovarian torsion include ovar-
ian enlargement, free fluid, complexmass with septations and low level
echoes and abnormal blood flow [31,32]. Previous studies have demon-
strated a sensitivity ranging from 23%-76%, and poor NPV (46%), and
this has been correlated with operator experience [32]. In the neonate,
conventional ultrasound imaging is nonspecific and Doppler to diag-
nose ovarian torsion is problematic due to the small size of affected ves-
sels and the impossibility of a transvaginal approach [33]. On prenatal
ultrasound fetal ovarian cysts which appear complex (with appearance
of intra-cystic echoes or fluid levels), show increasing size and are larger
than 20mmmay suggest ovarian torsion, similar to our data [34,35].
3.4. Tumor Markers

Tumor markers are less specific in the pediatric population than in
adults and need to be interpreted in the context of age-specific normal
values [10]. We cannot comment on the sensitivity and specificity of
tumor markers in our population due to the small sample size and the
fact that they were not requested routinely.

3.5. Surgical Management

In terms of surgical approach, laparoscopy is recommended as the
gold standard in the management of benign neoplastic lesions. This is
because compared to open laparotomy, there are less surgical complica-
tions, reduced length of hospital stay and hospital costs associated with
laparoscopic procedures (24). Over the years, theprocedures performed
laparoscopically for ovarian masses have also increased significantly
from 15% in 1993-1997 to 63% in 2008-2012.

The rate of ovarian cystectomies performed in our institution had in-
creased to 93.8% in 2008-2012 and reassuringly, the majority of benign
masses were managed without oophorectomy. These changes are re-
flective of increased pre-operative work-up and increasing evidence re-
garding the safety of conservative management for benign disease [4].
Since 1993, themajority of surgeries have been undertaken by gynecol-
ogists, where ovarian conservation is a standard of care for benign dis-
ease [4,36,37]. However this trend has also been seen in institutions
where procedures are undertaken by pediatric general surgeons sug-
gesting a more conservative approach across all disciplines [38].

Masses that are borderline can often bemanaged via cystectomyand
regular follow up. These cases are best discussed case by case and de-
pend on the nature and limitation of the lesion [9]. In our study, three
(3/6) borderline masses were managed via cystectomy. None of these
patients experienced recurrence of their disease.

The standard of care in themanagement of malignant disease is lap-
arotomy oophorectomy and staging with the aim of adequately remov-
ing the cancer in one procedure [2]. Interval surgery was required for
two of our patients. They both had an initial cystectomy (one overseas)
which was revealed on histopathology to be malignant. One subse-
quently returned to theatre for an oophorectomy and one for residual
tumorectomy.

In themanagement of ovarian torsion, it is now commonly accepted
that the edematous detorsed ovary is safe to salvage because the rate
of malignancy in ovarian torsion is very low [25,26] which agrees with
our experience. Hence, detorsion with or without oophorepexy is the
preferred option over oophorectomy because 93% of necrotic or bluish
ovaries will have restoration of ovarian function after conservative
surgery [12,13].

3.6. Limitations

This study is subject to the limitations characteristic of retrospective
chart reviews including missing data, and inability to verify data of in-
vestigations and surgeries performed at other institutions prior to tran-
sition of care. Furthermore, our data is only reflective of surgically-
managed ovarianmasses and our numbers of malignant and borderline
tumours are small. Therefore, sensitivity and specificity findings need to
be interpreted with caution and algorithms of care have not been pro-
vided.While we did not record ultrasound characteristics of the contra-
lateral ovary in cases of torsion, median size of torted ovaries were
enlarged.

4. Conclusion

The majority of pediatric and adolescent ovarian masses are benign.
The rate of malignancy in this study (including borderline ovarian
masses) was 7.6%, consistent with large pediatric hospitals comparable
to ours (6, 12, 19, 29). Sensitivity of ultrasound was fair for detection of
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malignancy, and poor for ovarian torsion. Over the years, there has been
an increase in conservative surgeries in association with an increase in
surgeries performed by pediatric gynecologists.
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