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Background/Purpose: Ovarian preservation is desirable in children with ovarian tumors. However, the diagnostic
and treatment strategies are heterogeneous. The aim of this study was to investigate themanagement and pres-
ervation of ovarian tissue in order to identify the factors associated with ovarian preservation.
Methods: Thirty-seven patients (41 ovaries)were surgically treated for ovarian tumors. Four cases were bilateral.
The data on the patient symptoms at presentation, imaging, treatment, outcome, pathology, and status of ovarian
preservation were retrospectively analyzed for each patient.
Results: Histological examinations revealed 25 mature teratomas, 5 immature teratomas, 5 cystadenomas, 2
dysgerminomas, and other tumors. Ovarian torsion occurred in 16 ovaries (39%). Ovary-sparing surgerywas per-
formed in 22 ovaries (53.7%). Successful ovarian preservation was significantly associated with a smaller tumor

size, benign pathology, and a lower degree of torsion (P b 0.01).
Conclusions: Because the prognosiswas favorable inmost cases, the preservation of fertility and gonadal function
should be a goal in the surgical treatment of ovarian tumors. We recommend ovary-sparing surgery as the first-
line treatment for all pediatric ovarian tumors other than those that are preoperatively diagnosed as being ma-
lignant and those in which emergent surgical intervention is indicated owing to the suspicion of ovarian torsion.

© 2015 Elsevier Inc. All rights reserved.
Ovarian tumors, which constitute only 1% of all childhood tumors,
are rare in pediatric patients [1]. In adult cases, the classic treatment
for ovarian tumors is oophorectomy. However, because of the possibil-
ity of fertility problems, the performance of “ovary-sparing tumor sur-
gery” has gained popularity [2]. Although ovarian preservation is more
desirable in children with ovarian tumors, a range of diagnostic and
treatment strategies are employed because various tumors arise in dif-
ferent age groups. Moreover, ovarian tumors often become torsive,
which interferes with ovarian preservation. The aim of the present
study is to investigate the management and status of ovarian preserva-
tion in pediatric patientswith ovarian tumors to identify the factors that
are associated with ovarian preservation.
1. Patients and methods

Between 1998 and 2013, 37 pediatric patients were surgically
treated for ovarian tumors in Osaka University and Hyogo College
of Medicine. Four cases were bilateral, two were synchronous and
two were metachronous. Therefore, a total of 41 ovaries were treat-
ed. This study did not include patients with neonatal ovarian torsion
or cyst torsion. The average age of the patients was 9.76± 3.95 years.
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The median age was 10 years (range: 2–20 years). Written informed
consent was obtained before each surgical procedure and the study
was approved by the institutional review board. The data on the
type and duration of symptoms, initial diagnosis, imaging, treat-
ment, outcome, pathology and the status of ovarian preservation
were retrospectively analyzed. When a germ cell tumor was
suspected, tumormarkers (α-fetoprotein and B human chorionic go-
nadotropin) were assessed using blood samples.

Laparoscopic surgery was introduced in 2002 for the treatment of
ovarian tumors of less than 10 cm in diameter in cases without compli-
cations. Since then, 13 out of 26 cases underwent laparoscopic or
laparoscopy-assisted surgery. Emergent surgery was performed for pa-
tients in whom ovarian torsion was suspected or in whom there was
any risk of acute abdomen. If the affected ovary became torsive during
surgery, the torsion was untwisted by rotating the tumor, and the de-
gree of rotation was measured and recorded. If the tumor and ovary
were severely ischemic–hemorrhagic (black-bluish in color), the color
was observed for a few minutes. In cases without torsion or those in
which the color of the tumor/ovary recovered after detorsion, ovary-
sparing surgery was attempted. Surgeons are required to preserve as
much ovarian tissue as possible; evenwhen the ovary looks to be losing
its vitality, thus oophorectomywas performed onlywhen the tissuewas
completely necrotic. The main indication for ovary-sparing surgery was
the existence of a dissection plane between the tumor margins and the
ovarian tissue. The remaining ovarian tissue was evaluated macroscop-
ically for residual lesions.
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Table 2
Initial diagnosis at the primary hospital of the 37 cases with ovarian tumor.

Initial diagnosis at the primary hospital n %

Ovarian tumor 20 51.3
Abdominal tumor, unknown origin 6 16.2
Constipation 3 8.1
Enterocolitis 3 8.1
Appendicitis 2 5.4
Uterus tumor 2 5.4
Intussusception 1 2.7
Total 37 100

Table 3
Histopathological diagnosis of 41 tumorsa.
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For the statistical analyses, the χ2 test was used to compare the pro-
portions of the groups, while the unpaired Student's t-test was per-
formed to compare the variables of the patient groups. P values of
b0.05 were considered to be statistically significant.

2. Results

The most common symptom at admission to the primary hospital
was abdominal pain; 23 patients (62.2%) had lower abdominal pain at
the onset of symptoms. Nausea or vomiting was present in 10 patients
(27.0%), 8 patients had an abdominal tumor (21.6%), and 8 had abdom-
inal distension (18.9%) (Table 1). In the primary hospital, 20 patients
(51.3%) were accurately diagnosed as having an ovarian tumor, and 6
(16.2%)were diagnosed as having an unknown abdominal tumor; how-
ever, the remaining 11 cases (29.7%) were diagnosed with non-
tumorous diseases such as constipation, enterocolitis or appendicitis
(Table 2). After their referral to our university hospital, all of the patients
were diagnosed with ovarian tumors by abdominal ultrasound and/or
CT. The tumor markers assessed using the patients' blood samples
were normal except in one case with yolk sac tumor, whose
α-fetoprotein was markedly elevated.

Sixteen patients underwent emergent surgery owing to findings of
acute abdomen. The other patients underwent elective surgery. It was
possible to perform ovary-sparing surgery in 22/41 ovaries (53.7%).
The histopathological examinations showed mature cystic teratomas
in 25 ovaries, immature teratomas in 5 (grade 1 [n = 2]; grade 2
[n=1]; grade 3 [n=2]), serous or mucinous cystadenomas in 5, gran-
ulosa cell tumors in 2, dysgerminoma in 2, a yolk sac tumor in 1 and a
rhabdomyosarcoma in 1. We classified grade 3 immature teratomas as
malignant based on their high potential for malignancy [3]. Thirty five
tumors (85.4%) were benign, and 6 (14.6%) were malignant (Table 3).

Table 4 shows the surgical treatments according to the tumormalig-
nancy. Ovary-sparing surgery was successfully performed in 62.9% of
the benign tumors whereas all of the patients with malignant tumors
underwent oophorectomy. The ovarian preservation status was signifi-
cantly related with tumor malignancy (χ2 test, P b 0.00047).

The median tumor size (largest diameter) was 9 cm (range:
4–41 cm). The mean diameter of the tumors in the patients who
underwent oophorectomy was significantly larger than that in the pa-
tients who underwent ovary-sparing tumor resection (13.3 ± 8.8 cm
vs. 8.5 ± 3.8 cm, respectively, P = 0.039).

Ovarian torsion occurred in 16/41 ovaries (39%) (mature teratoma
[n = 13], immature teratoma [n = 2], serous cystadenoma [n = 1]).
Fig. 1 shows the relationship between the degree of torsion, the largest
diameter and the status of ovarian preservation in the 30 ovaries with
teratoma. Ovarian torsion often occurred in tumors of between 5 and
10 cm in size. The oophorectomy rate was higher in patients with a tor-
sion of more than 540°. Among the cases with torsion, themean degree
of torsion was significantly higher in the patients who underwent oo-
phorectomy than in the patients who underwent ovary-sparing tumor
resection (720 ± 254° vs. 350 ± 159°, P= 0.0030). Among the 16 tor-
sion cases, themedian delay between the initial symptoms and surgical
intervention was 5 days (range: 12 hours to 60 days). The average time
lapse from the onset of the symptoms until surgery did not differ not
significantly between the patients who underwent oophorectomy and
Table 1
Initial symptoms of the 37 cases with ovarian tumor.

Initial symptom n %

Abdominal pain 23 62.2
Nausea/vomiting 10 27.0
Abdominal tumor 8 21.6
Abdominal distension 7 18.9
Diarrhea 2 5.4
Fever 1 2.7
Hematuria 1 2.7
those who underwent ovary-sparing tumor resection (3.6 ± 3.9 days
vs. 14.8 ± 18.1 days, P = 0.13).

In relation to the tumor size and ovary preservation, the oophorecto-
my ratewas higher in patientswith tumors of N15 cm in size (Fig. 1). The
largest diameter was significantly larger in the patients who underwent
oophorectomy than that in the patients who underwent ovary-sparing
tumor resection (13.4 ± 8.8 cm vs. 8.5 ± 3.8 cm, P= 0.039).

All of the 6 patientswithmalignant tumorswere classified as stage IA
at presentation. The cases with yolk sac tumor and rhabdomyosarcoma
received chemotherapy after surgery. One patient with a mature terato-
ma and another patientwith a granulosa cell tumor exhibited recurrence
2 years after surgery; however, the recurrent tumor was completely
resected with ovary-sparing surgery and the patient achieved a second
remission. The postoperative follow-up course of the other caseswas un-
eventful and all of the patients are currently alivewithout disease from 1
to 16 years after surgery. Gonadal hormone insufficiency was observed
in one case with metachronous bilateral teratoma.
3. Discussion

Neoplastic ovarian masses are rare in childhood. In the pediatric age
group, from 47 to 87.7% of masses are germ cell tumors [2,4], and 10% of
the tumors are malignant. Our findings, in which the incidence of ma-
ture teratomas was 61% and incidence of malignant tumors was 9.8%,
are compatible with these figures. When the levels of tumor markers
such as alpha-fetoprotein are elevated or a metastatic legion is identi-
fied, a tumor can be predicted to be malignant before surgery. In most
cases, however, it is difficult to predict malignancy. In our series, 5 pa-
tients had malignant tumors. However malignancy was diagnosed be-
fore surgery only in one patient with a yolk sac tumor owing to the
marked elevation of the patient's serum alpha-fetoprotein level. The pa-
tient underwent oophorectomy and post-operative chemotherapy. We
therefore recommend that ovary-sparing surgery be attempted for all
pediatric ovarian tumors other than those that are preoperatively diag-
nosed as being malignant. In cases where a malignant tumor is diag-
nosed after ovary-sparing surgery, then a second look operation
should be considered; however, no such cases were included in
our series.
Benign. 35 (85.4 %)
- Mature teratoma 25 (61.0%)
- Cystadenoma 5 (12.2%)
- Granulosa cell tumor 2 (4.9%)
- Immature teratoma grade 1 2 (4.9%)
Grade 2 1 (2.4%)

Malignant. 6 (14.6 %)
- Immature teratoma grade 3 2
- Dysgerminoma 2 (4.9%)
- Yolk sac tumor 1 (2.4%)
- Rhabdomyosarcoma 1 (2.4%)

a 4 cases were bilateral.



Table 4
Treatments according to the tumor malignancy.

Benign tumors (n = 35)
- Ovary-sparing tumor resection 22 (66.7 %)
- Oophorectomy 13 (33.3 %)

Malignant tumors (n = 6)
- Oophorectomy 6 (100 %)

P b 0.01 (chi-square test).
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The most frequent symptoms at presentation were abdominal pain,
followed by nausea/vomiting. This may indicate that themajority of the
patients with ovarian tumors were admitted with ovarian torsion. As
ovarian tumors are asymptomatic, they are unlikely to be detected
until the tumor is large enough to be recognized as a huge abdominal
tumor or owing to abdominal distension in tumors that do not become
torsive. With regard to torsion and tumor size, torsion is often observed
in tumors measuring between 5 and 10 cm in size. This may be because
torsion does not occur or tends to easily recover, in tumors measuring
less than 5 cm in size, while tumors that are larger than 10 cm are too
large to rotate in the pelvic space.

In the case of torsion, an early diagnosis is essential for sparing the
ovaries, however, there are no specific symptoms and the diagnosis
of torsion is late. The signs and symptoms can mimic many
abdominopelvic medical or surgical diseases, thus the preoperative di-
agnosis remains a challenge for pediatricians. In the study, approxi-
mately 51% of the ovarian tumor cases were accurately diagnosed,
however, 16% were diagnosed with an unknown abdominal tumor
and the remaining 33% were initially diagnosed with a non-tumorous
disease, such as constipation, enterocolitis or appendicitis. This may
lead to a prolonged delay between the onset of symptoms and surgery
[5,6]. In these cases, the observation of an abdominal mass effect or cal-
cification on a plain X-ray study could be useful for the diagnosis.
Abdominopelvic ultrasound scans are another useful tool for the diag-
nosis. Girls with atypical lower abdominal pain should be examined
using an abdominal ultrasound to rule out the possibility of an ovarian
tumor. In elective situations, a CT scan or MRI analysis should be per-
formed to identify the localization, size and tumormargins for planning
ovary-sparing dissection [7,8].

Emergent surgical intervention is indicated if there is any suspicion
of ovarian torsion. However, in our cases with torsion, the median
delay between the initial symptoms and surgical intervention was
5 days. Our data regarding the degree of the torsion showed that
Fig. 1. The relationship between the tumor size, degree of torsion andovarian preservation
in 30 ovaries with teratoma. Torsion often occurred in tumor ranging from 5 to 10 cm in
size. Successful ovarian preservationwas associatedwith the tumor size and degree of tor-
sion. The risk of oophorectomywas associatedwith a tumor size larger than 15 cm or tor-
sion of more than 540°.
ovary-sparing surgery could be successfully performed in cases of tor-
sion when the degree of rotation was less than 540°. This may indicate
that the ovarian blood supply is maintained with less than 540° of tor-
sion, which would make chronic abdominal pain the chief complaint.
In such cases, the patientswould likely be treated for constipation or en-
terocolitis and an accurate diagnosis would be delayed. The average du-
ration from the onset of symptoms until surgery did not differ
significantly between the patients who underwent oophorectomy and
those who underwent ovary-sparing tumor resection. These findings
suggest that chronic abdominal pain does not always indicate that
ovary-preservation will be difficult.

Williamson et al. [2] discussed the importance of the size of terato-
mas. In their experience, it was easier to find a dissection plane between
the native ovary and the teratoma in patients with ovarian teratomas of
less than 8 cm in size. Our experience was similar; the oophorectomy
rate was higher in patients with a tumor size N15 cm and the tumor
sizewas significantly larger in the patientswhounderwent oophorecto-
my than in those who underwent ovary-sparing tumor resection. In
such cases, the normal ovary becomes very thin owing to the large
tumor, thus ovary preservation appeared to be difficult.

Because the prognosis is favorable (low recurrence rate: 0–4 % [8,9])
inmost cases, andbecause there is evidence of bilaterality (synchronous
or metachronous), the preservation of fertility and gonadal function is
important in the surgical treatment of pediatric ovarian tumors. Each
function and/or specific tissue should be preserved if there is no malig-
nancy. Ozcan et al. reported that the main preoperative indications for
ovary conservation were as follows: (a) no evidence of lymphadenopa-
thy or metastasis, (b) normal levels of biological markers (hCG, AFP),
and (c) the existence of specific radiological findings of ovarian terato-
ma (calcification, etc.) [10]. A prominent and easy dissection plane be-
tween the ovary and tumor tissue was extremely important for the
intraoperative decision of ovary-saving surgery, and emergent surgical
intervention should be performed if there is any suspicion of ovarian
torsion. We recommend ovary-sparing surgery as the first-line treat-
ment for pediatric ovarian tumors other than those that are preopera-
tively diagnosed to be malignant. Emergent surgical intervention is
indicated, to avoid ovarian necrosis, if there is any suspicion of
ovarian torsion.

In our study, the risk factors for oophorectomywere amalignant pa-
thology, large tumor size and torsion. However the number of the cases
was too small for a multivariate analysis. As a result, we could not eluci-
date which factor was the most important. Further study using a large
number of cases is needed to determine the most important factor for
ovarian preservation.
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