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Ovarian neoplasms — the role of minimally invasive surgery
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Abstract

The role of minimally invasive surgery (MIS) for ovarian neoplasms in paediatric patients
depends on multiple factors. First, it is important to consider the risk of malignancy,
which can be difficult to assess, especially in the setting of torsion. Second, when pos-
sible ovarian sparing surgery (OSS) should be performed. In certain settings MIS to per-
form OSS may carry a higher risk of tumour or cyst spillage. MIS can also play a role in
diagnosis, via staging or biopsy. When performed, MIS can offer improved visualization
of the contralateral ovary and other abdominal structures. Overall, MIS for ovarian neo-
plasms offers improved visualization of pelvic structures and decreased risk of adhesions
in addition to the traditional benefits of MIS. However, these advantages should not
supersede the need to achieve complete oncologic resection and to minimize the risk of
capsule rupture.
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Introduction

Ovarian neoplasms in paediatric patients present a unique challenge due to the need
to balance ovarian preservation with complete resection of malignancy. Patients with
benign ovarian masses should undergo ovarian sparing surgery (OSS), but failure to per-
form an oncologic resection of a malignant tumour can result in the need for additional
surgery and adjuvant therapy, and an increased chance of recurrence [1, 2]. Adding to
the challenge, it can be difficult to standardise care as a paediatric patient with an ovar-
ian mass may be cared for by a variety of specialists (i.e., paediatric surgeons, paediatric
and adolescent gynecologists and adult gynecologists) [3]. Finally, children with ovarian
malignancies may present urgently or emergently with torsion, which can limit the extent
of workup prior to surgery [4].

Choosing to take an open or minimally invasive surgery (MIS) approach depends on the
likelihood of malignancy, yet unfortunately, this can be difficult to characterise. The vast
majority (75%-97%) of ovarian masses in children are benign [5-9]. Various studies
have sought to discover a method to identify those that are malignant. While malignant
tumours are usually larger, the cutoff at which a mass is almost certainly malignant spans
a wide range from 5 to 10 cm, and additionally, some studies have found no difference
in size between benign and malignant masses [2, 10-12]. Malignancies are more likely to
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have large (= 2-3 mm) septations and nonhyperechoic solid nodular or papillary components, but these features are also not fully predictive,
with up to 16% of cystic-appearing masses ultimately malignant [5, 10]. A panel of tumour markers is the most sensitive and specific manner
to identify malignancy, but even still, tumour markers may be elevated in 20% of benign masses, especially in the setting of torsion. Addition-
ally, if a patient presents with torsion, it may not be possible to wait for these laboratory tests to result [2, 11]. If time permits, pathology/
molecular biology may be used to assist in diagnosis and guide decision-making strategies [13]. The technical approach also depends on the
surgeon comfort, with some areas of the world having limited access to resources and training that are necessary to safely perform laparo-
scopic surgery [14]. This can be further compounded by delays in presentation secondary to long transportation distances and/or long wait
times to see a surgeon [14].

OSS is recommended for benign ovarian masses due to its numerous benefits compared to oophorectomy: it decreases the risk of early
menopause secondary to premature ovarian failure, offers improved sexual health and higher success with ovarian stimulation for assisted
reproduction and avoids low bone density, neurologic disease and cardiac disease in adulthood [5, 15]. Laparoscopic OSS has low rates
of conversion to open, and when compared to open surgery, the operative time, estimated blood loss, haemoglobin drop postoperatively,
length of stay and complication rates are equivalent or superior [5, 7, 16, 17]. Furthermore, in addition to the other well-documented benefits
of MIS surgery (improved cosmesis, decreased pain, shorter length of stay and reduced perioperative morbidity), MIS causes fewer pelvic
adhesions which can contribute to improved fertility [16, 18].

Indications for MIS

Benign disease

Procedures for benign disease include cyst aspiration, fulguration and OSS. A laparoscopic approach is well established for cyst aspiration
and fulguration [16]. More attention has been paid to the outcomes of laparoscopic OSS.

One main concern with laparoscopic OSS is tumour spillage, which can carry the risk for chemical peritonitis for dermoid tumours. While
some studies have identified a higher risk of tumour spillage with MIS approach, others have found equivalent rates of spillage regardless
of whether the surgery was performed via open or laparoscopy, with increased rates of spillage based only on whether the procedure was
OSS versus oophorectomy [7]. Additionally, given the rarity of chemical peritonitis secondary to dermoid spillage, a laparoscopic approach
remains reasonable [17, 19]. Conversion rates, which are approximately 5%-10%, do not indicate a high likelihood of failure to complete the
procedure via an MIS approach for technical reasons [7, 20].

Another concern with a laparoscopic OSS approach is the risk of cyst or tumour recurrence. However, multiple studies have found either
equivalent rates of cystic rupture between open and laparoscopic approaches or equivalent rates of recurrence, even if there is a higher rate
of rupture with laparoscopic surgery [21, 22]. Likewise, there does not appear to be higher rates of solid tumour recurrence with MIS [19, 20].

Finally, MIS does not affect ovarian viability, with equivalent blood flow and follicle presence seen after MIS as with open surgery [17, 19].

Malignant disease

There are several indications for MIS for malignant ovarian neoplasms. Diagnostic laparoscopy can be used to identify the precise location
and nature of the neoplasm, including taking a biopsy if indicated [1]. Diagnostic laparoscopy also provides an opportunity for staging, with
superior visualisation of the sus-mesocolic and anterior parietal peritoneum as compared to open surgery, as well as easy inspection of the
contralateral ovary and diaphragm [1, 23]. In adults, laparoscopy has also been used for debulking advanced cancer and assessing response
to neoadjuvant chemotherapy [18, 24, 25]. However, literature is limited in the paediatric population and so there is currently no data on
whether a laparoscopic approach should be taken for this indication in children.

Emergency/unknown malignancy status

Ovarian torsion is uncommon in paediatric patients, occurring at a rate of approximately 4.9 per 100,000. Over half of patients have an
associated adnexal mass, most commonly a benign cyst or teratoma [26]. Given that ovarian viability is at stake, there can be limited time for
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diagnostic work up. Laparoscopy is a reasonable approach for most cases of ovarian torsion [26]. However, in a mass that is at least partially
solid, oncologic principles should be maintained, which may require open surgery [4].

MIS contraindications

Laparoscopic surgery has become the standard of care for operating on benign ovarian masses [27]. However, a laparoscopic approach for
dermoid cysts remains controversial due to the possibility of chemical peritonitis and upstaging with spillage [21, 28]. The risk of spillage
appears to be more significant with the laparoscopic approach, bilateral cysts and larger masses. While the true risk of chemical peritonitis
following cyst spillage remains unknown, some authors recommend an open approach for bilateral dermoid cysts and those larger than 5-8
cm [17, 21]. However, so long as the mass is mobile, others recommend continuing with laparoscopic surgery even for larger masses due to
the improved visualisation [4].

Laparoscopic surgery is contraindicated for masses that are known to be malignant or have features highly suspicious for malignancy (=8
cm, thick walls, loculations or solid components) [10]. This is for several reasons. One, proper staging requires palpation in addition to visual
inspection of both ovaries, the omentum and peritoneum [10, 29]. Second, ensuring complete resection is essential to minimising risk for
recurrence [30]. Finally, tumour rupture is a feared complication of ovarian surgery as it results in tumour seeding of the abdomen and
upstaging of the cancer [31]. There is concern that laparoscopic surgery is associated with increased risk of rupture due to the fact that,
unlike in open surgery, MIS requires manipulation of the ovary during the procedure and at the time of extraction [31, 32]. Patients with a
ruptured capsule may require adjuvant chemotherapy and experience an estimated increased risk of rate of progression rate of 1.92% and
increased rate of all-cause mortality by 1.4%-1.5% [31, 32]. However, literature in paediatric patients has not consistently shown the same
association between an MIS approach and tumour rupture, nor inferior outcomes with tumour rupture [22]. Given this ongoing debate, the
decision regarding approach should be made on a case-by-case decision with all patient factors considered.

Surgical approach

Patient position

Patients should be placed in the supine position or in the lithotomy position if access to the vagina will be required [33, 34]. Steep Trendelen-
burg is helpful for visualisation, but the patient can be tilted with the head and shoulders left supine if the patient cannot tolerate elevated
intracranial pressure [33].

Trocar sites

Entry via Palmer’s point is recommended if there are significant adhesions, abnormal anatomy or concern about rupture during trocar place-
ment due to the size of the mass [35]. In general, three trocar sites are recommended: a 10-12 mm port through the inferior umbilical fold, a
5 mm suprapubic port located 2 cm above the pubic symphysis and the third port at the counter-McBurney point [16]. Additional ports can
be placed in the upper abdomen if extensive debulking is required [18]. The lateral trocars should be inserted under direct visualisation to
avoid damage to the inferior epigastric arteries [34].

Single incision laparoscopic surgery (SILS) is an alternative to conventional laparoscopy [36]. As suturing is rarely required, ovarian surgery
can be highly suitable for SILS [4]. For cyst removal, SILS has been shown to be safe and effective in adults [37, 38]. Literature in children is
limited, but SILS has been successfully used for paediatric ovarian cryopreservation [39].

Surgical technique
The view of the surgical field differs in children due to the higher upper margin of the bladder, smaller uterus fundus, relatively elongated

cervix and smaller ovarian volume [16]. The bowel, other than the sigmoid, should fall away once the patient is placed in Trendelenburg. If
additional visualisation is needed, an atraumatic grasper can be used to flip away loops of small bowel [40].
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For masses that are thought to be benign, it is still essential to inspect the contralateral ovary and abdominal cavity, including the pouch of
Douglas, pelvic and abdominal parietal peritoneum, paracolic gutters, diaphragm, mesentery and small and large bowel [2, 18]. Biopsies and
washings should be taken if there are any suspicious findings; however, if the contralateral ovary appears normal on imaging and intraopera-
tively, it should not be biopsied [18]. Any spillage should be lavaged and documented [41].

The surgical procedure depends on the nature of the mass. Cysts should be aspirated, then the cyst wall resected and removed via an Endo
Catch bag [42]. For benign solid neoplasms, OSS is performed by incising the cortex, separating the tumour from the capsule using either
blunt or sharp dissection while ensuring the capsule remains intact and removing the tumour [42, 43]. If there is an intraoperative concern
for malignancy, a frozen biopsy should be sent in order to inform the decision as to the correct procedure [42]. For malignancies, oopho-
rectomy is performed by incising the peritoneum between the infundibulopelvic (IP) ligament and ureter. Following this, the retroperitoneal
space should be dissected to separate the IP ligament from the ureter. The IP ligament, mesovarium and utero-ovarium ligament can then be
ligated, and the ovary removed [35, 40].

A surgical pouch should be used to remove the mass or the ovary [16]. If the mass is cystic, it should be placed in the pouch before it is
punctured and aspirated [44]. Solid masses may require an additional trocar site or extending an incision. The opening of the bag should be
externalised through the incision and the mass manually morcellated before removal [34].

Robotic surgery is increasingly used in adult patients and has been shown to have similar rates of complications and similar oncologic out-
comes when compared to open or laparoscopic procedures[45, 18]. The robotic approach for ovarian tumours is less commonly employed
in children, and therefore, data are limited [46-48]. One case series described 11 patients, with diagnoses including 6 dermoid tumours, 2
serous papillary cystadenofibromas of the fallopian tube and 3 cystadenomas. An 8 mm optic port and an additional 2-3 accessory ports
were used. There were no recurrences or complications with a median follow up of 2.1 years [49]. Alternatively, given the potential for inter-
ference between the robotic arms in smaller paediatric abdominal cavities, a single port can be used [50]. One case series describes three
patients who underwent robotic OSS for mature teratomas via a 2.5 cm single port site. There was no tumour recurrence during a follow up
of 6-18 months [51].

Tips and pitfalls

There are several key aspects of ovarian surgery. The first priority is ensuring the best chance at successful oncologic outcomes. Therefore,
the contralateral ovary needs to be inspected for disease. This is especially true of ovarian teratomas, where contralateral disease occurs in
5%-10% of patients [1, 30, 44]. Additionally, great care must be taken to avoid tumour spillage. For cystic masses, perforation can occur dur-
ing trocar placement [8]. If intraoperative spillage does occur, copious lavage in reverse Trendelenburg should be performed [8].

Oncologic outcomes need to be balanced against preserving fertility. For patients who present with torsion, the ovary should be given a
chance to recover. Even an ovary that appears necrosed intraoperatively can demonstrate blood flow and follicles on future ultrasound [19].
Avoiding biopsy of the contralateral ovary without a clear indication can also help preserve fertility [2].

Additional fertility-preserving techniques should be considered at the time of surgery. For prepubertal children, ovarian stimulation tech-
niques are ineffective, so ovarian tissue cryopreservation (OTC) is the only option [52, 53]. OTC involves the removal of a section of ovarian
cortex, freezing and subsequent reimplantation [52]. Data are limited in paediatric patients, with a systematic review of 1,019 children who
underwent OTC reporting 18 patients who underwent auto-transplantation and 10 live births [54]. Post-menarche adolescents can also
undergo mature oocyte freezing [53].

Finally, there are many critical structures in the pelvis that need to be preserved. Mobilisation of the sigmoid colon can improve visualisation of
the left ovary [34]. Ureteral injury occurs in 1%-2% of gynecologic surgeries in adults, so careful attention must be paid to these structures [34].

Conclusion
Taking a minimally invasive approach for paediatric patients who present with ovarian neoplasms offers the traditional benefits of MIS, as

well as fewer adhesions and improved visualisation of pelvic structures, including the contralateral ovary. However, these advantages must
be weighed against the need to achieve complete oncologic resection and to minimise the risk of capsule rupture. Additionally, surgeon
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comfort level may vary with surgeons in some areas constrained by limited access to technical training in MIS. The decision regarding surgical
approach should therefore be made on an individualised basis, accounting for all patient factors.
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