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ABSTRACT Survivors of pelvic cancer treatment live with the ramifications of pelvic radiation for many years after their cure. Several
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options are available to preserve ovarian function and fertility in reproductive age women undergoing pelvic radiation. Lapa-
roscopic ovarian transposition is an under-utilized, yet fairly simple surgical procedure to relocate the ovaries away from the
radiation field. Although randomized-controlled trials on the outcomes of ovarian transposition are scarce, there is a growing
body of evidence on the risks and benefits of this procedure, in terms of prevention of premature ovarian failure, and poten-
tially preserving fertility. In this review, we summarize the available data on the indications, patient selection and outcomes of
ovarian transposition, as well as illustrate the technique of the procedure. Journal of Minimally Invasive Gynecology (2017)
24, 28–35 Published by Elsevier Inc. on behalf of AAGL.
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The American Cancer Society estimates that more than
15.5 million Americans with a history of cancer are living
in the United States, and this number is expected to exceed
20million over the next decade [1]. Two of the most prevalent
cancers in women are uterine (757 000) and colorectal
(727 000) cancers [1]. Increasing numbers of cancer
survivors are confronted with morbidity secondary to expo-
sure to chemotherapy and radiation treatments. For
reproductive-aged women, the reserve of primordial
follicles in the ovary is fixed and declines with age at a fairly
predictable rate (Fig. 1) [2]. Thus, any injury to the ovaries re-
duces this pool and accelerates awoman’s reproductive aging.

The American Society of Clinical Oncology and the Na-
tional Comprehensive Cancer Network recommend offer-
ing ovarian transposition as an option for optimizing
fertility preservation in patients with cancer [3,4].
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Preserving ovarian function by sparing the ovaries from
the direct deleterious effects of radiation can be
accomplished with this procedure, which repositions the
ovaries out of the field of radiation. The procedure is
indicated for women of reproductive age who are
undergoing pelvic or lower abdominal radiation therapy
[5]. Recently, less invasive laparoscopic and robotic ap-
proaches to ovarian transposition have been successfully
performed and described.

Methods

Sources

We conducted an electronic search of all research articles
published in English without time restriction, using PubMed
and Cochrane databases for studies of ovarian transposition.
The text words used in the search included ‘‘ovarian transpo-
sition,’’ ‘‘ovariopexy,’’ and ‘‘oophoropexy.’’ References from
articles were reviewed, and pertinent articles and reviews
were used for the discussion.

Study Selection

The authors identified the appropriate articles for review.
Of the 79 studies initially identified, 55 were selected after
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Fig. 1

The reserve of primordial follicles in the ovary is fixed and declines with

age at a fairly predictable rate. Graph obtained from Reference [2];

permission from Thieme.
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limiting the review to clinical trials and case reports focusing
on ovarian transposition in the context of cancer; 24 articles
focusing on endometriosis and adnexal torsion were
excluded. Given the rarity of ovarian transposition and the
scarcity of data available from large, prospective, random-
ized trials, selection of studies was not limited by the design
or the number of patients in the studies. We report the avail-
able data and describe the indications for ovarian transposi-
tion, the most commonly reported surgical techniques, the
potential complications associated with this procedure, and
prognoses and outcomes in the context of ovarian function
and fertility preservation for patients who have the proced-
ure done before undergoing pelvic radiation and chemo-
therapy.
Results

Indications for Ovarian Transposition

Female patients with gynecologic cancers, including cer-
vical cancer, vaginal cancer, uterine cancer, and ovarian dys-
germinomas, are candidates for ovarian transposition [6].
Ovarian transposition has also been used in nongynecologic
cancers of the pelvis, including osteosarcoma, rhabdomyo-
sarcoma, Hodgkin’s lymphoma, anorectal carcinomas, and
medulloblastoma before radiation therapy [7–13]. Cases of
patients ranging from ages 11 to 40 have been reported in
the literature. Women older than 40 years already have
decreased ovarian reserve and are at higher risk for ovarian
failure even with ovarian transposition [14]. Menopausal
women and women at risk of developing ovarian metastases
are inappropriate candidates for ovarian transposition. Addi-
tionally, women who will be receiving chemotherapeutic
agents with a low probability of gonadotoxicity are candi-
dates for the procedure. At gonadotoxic levels, systemic
chemotherapy is deleterious to the ovaries, regardless of
the anatomic location.
Surgical Techniques

Two surgical techniques for laparoscopic ovarian trans-
position have been described in the literature: lateral and
medial approaches. The uterus can be used as a shield
from radiation in certain cancers like Hodgkin’s lymphoma.
For these patients, medial ovarian transposition has been
described [15–18]. However, in a study comparing medial
and lateral ovarian transposition in patients receiving
pelvic irradiation for Hodgkin’s disease, lateral ovarian
transposition resulted in better outcomes [19]. Seventeen pa-
tients of childbearing age received total lymphoid irradia-
tion, including pelvic and inguinal nodes. Fifteen of 17
patients underwent prophylactic bilateral oophoropexy dur-
ing staging laparotomy: 10 underwent lateral transposition
and 5 had midline fixation. Patients were followed for repro-
ductive and ovarian function by menstrual history and serum
hormonal assays for a minimum of 3 years. In 13 patients
who remained in complete remission, normal cyclic ovarian
activity was found in 7 of 9 patients after lateral transposi-
tion (including 1 pregnancy) but only in 1 of 4 cases after
medial transposition. The authors concluded that lateral
transposition should be preferred if ovarian protection is
required before pelvic radiation [19].

Descriptions of the laparoscopic technique and variations
using the lateral approach have been reported in the litera-
ture [20–22]. A video depicting the technique is also
available for viewing [23]. The procedure is performed un-
der general anesthesia with the patient in the Trendelenburg
position. Because of the final destination of the transposed
ovaries outside of the pelvic cavity, consideration should
be given to higher trocar placement that commonly used in
pelvic laparoscopy. The location of the midline incision
for the optical trocar varies in the literature, with some arti-
cles reporting the incision 5 cm above the umbilicus and
others reporting the Lee-Huang point, located 3 to 4 cm
above the umbilical line at the midpoint between the umbi-
licus and the xyphoid process (Fig. 2) [21]. AVeress needle
is then inserted at the umbilicus for insufflation with carbon
dioxide to achieve adequate pneumoperitoneum, and the pri-
mary trocar is then inserted at the umbilicus, followed by the
optical trocar at a more cephalad location.

Alternatively, open (Hasson) entry at the umbilicus can
be performed, followed by the subxiphoid trocar insertion
under laparoscopic guidance. The endoscopic camera is
introduced through the subxiphoid port. A secondary
trocar is placed in the midline at the umbilicus, in lieu of
a suprapubic trocar, because of the higher region for oper-
ating outside of the pelvis, and 2 secondary trocars are
placed in the paramedian lines at the same level of the um-
bilicus, which is higher than the typical lower quadrant
trocar insertion for other gynecologic procedures. If a
midline approach is chosen as described above, the sur-
geon and the assistant will be facing the pelvis during
the procedure, with a monitor at the foot of the operating
table. Alternatively, 2 ipsilateral ports can be used instead



Fig. 2

Trocar placement strategy. O: Final destination of the ovaries; A: Sub-

xiphoid optical trocar site (Lee-Huang point); U: Umbilicus; B: Acces-

sory trocar sites. Graph reprinted from Reference [24], with permission

from Elsevier.

Fig. 3

The mesosalpinx and mesovarium are dissected and the ovary is mobi-

lized to the anterolateral abdominal wall.

Fig. 4

Once an adequate length of the infundibulopelvic ligament is skeleton-

ized, the ovary is sutured to the transversalis fascia using permanent su-

tures at 2–3 points to prevent ovarian torsion. Vascular clips are applied

to the sutures as markers for radiation simulation.
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of the midline approach, with the surgeon looking at a
monitor across the operating table. The authors prefer
the use of minilaparoscopic instruments and trocars
(3 mm) to facilitate healing.

After inspecting the abdominal and pelvic anatomy, each
utero-ovarian ligament is coagulated and transected to pro-
vide mobility to the ovary. The use of a vessel-sealing cut-
ting device may facilitate the procedure. The mesosalpinx
and mesovarium are dissected (Fig. 3). Each ovary is then
mobilized with its corresponding blood supply in the infun-
dibulopelvic ligament attached and transposed to the antero-
lateral abdominal wall. Care is taken to incise the
peritoneum outside of the mesosalpingeal vessels to avoid
compromising the blood supply to the transposed ovaries.
The peritoneum is incised alongside the infundibulopelvic
ligament, with careful attention to the ureter medially, to
allow for complete mobilization of the ovary. The fallopian
tubes can be left intact in an attempt to allow for future spon-
taneous conception [25,26]. Other reports describe either
removing the fallopian tubes during the procedure or
transecting them and leaving them attached to the
transposed ovaries [21,25–27]. Care is taken to adequately
skeletonize the ovarian vessels to avoid kinking when the
ovaries are pulled cephalad. The ovaries are then sutured
securely at 2 to 3 points, using permanent sutures, to the
transversalis fascia of the abdominal wall or the lower
paracolic gutters (Fig. 4). Surgical clips are placed at the
border of each ovary for identification during radiation ther-
apy planning and administration (Figs. 5 and 6) [23].
Transposition of the ovaries greater than 1.5 cm above the
iliac crest is associated with a higher chance of preservation
of ovarian function after pelvic radiotherapy [28]. Mobi-
lizing the large bowel medially may provide more space
for higher transposition when needed in cases requiring iliac
lymph node irradiation.

A few case reports detailing the medial approach tech-
nique have also been published. In this procedure, the
utero-ovarian ligaments are coagulated and transected, as
is done with the lateral approach. The ovaries are then fixed
to their respective uterosacral ligaments behind the uterus
anddas with the lateral approachdsurgical clips are placed
to mark the ovaries for identification during radiation treat-
ment [15,16].

Variations to the described techniques have been
reported in the literature. These include a surgical glove-
single port technique and robotic-assisted ovarian transpo-
sition [29–31]. Yet another technique uses a percutaneous
needle to transpose the ovaries; this procedure can be
performed in the outpatient setting. A prospective study
using percutaneous needle fixation demonstrated normal
ovarian function in 11 of 12 patients diagnosed with



Fig. 5

The transpositioned ovaries (yellow) at their final location of L3–L4 upon radiation simulation.
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either rectal cancer or Hodgkin’s lymphoma [32]. The
study, however, did not report the exact time of follow-up
when ovarian function was assessed.

Various reports describe different strategies to manage
the fallopian tubes at the time of ovarian transposition. Bilat-
eral salpingectomy has been performed at the time of ovarian
transposition in several reports to evaluate for fallopian tube
metastasis [21,27]. Sicam et al [27] reported completing
ovarian transposition and bilateral salpingectomy on a 40-
year-old woman diagnosed with stage IIB cervical carci-
noma who was found to have fallopian tube metastasis on
histologic evaluation. The surgeons’ rationale for perform-
ing bilateral salpingectomywas to detect possible occult me-
tastases within the fallopian tubes and to reduce the risk of
Fig. 6

Radiation simulation showing the transpositioned ovaries (yellow) and their op
hydrosalpinx secondary to postoperative adhesions. In their
retrospective study, Huang et al [21] also performed bilateral
salpingectomies on 14 patients for the latter reason.

In cases where the fallopian tubes have been left intact
during ovarian transposition, reports of spontaneous intra-
uterine pregnancies have been described [25,26]. No data
are available regarding the risk of ectopic pregnancy after
the preserved fallopian tubes have been exposed to radiation.
Ovarian Function After Ovarian Transposition

Multiple small studies have reported successful ovarian
function preservation after ovarian transposition and chemo-
radiotherapy. In a study by Huang et al [21], only 1 of 7
timal location in relationship to the planned radiation field.
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patients younger than 39 years developed ovarian failure as
evidenced by elevated follicle-stimulating hormone levels,
with a mean follow-up period of 72 months after receiving
concurrent chemoradiation. Moreover, 1 meta-analysis
calculated that ovarian transposition was associated with
preservation of ovarian function in 90% of patients [6].
This was based on a number of subjective and objective
data reported in the studies, including clinical symptoms
and follicle-stimulating hormone, luteinizing hormone, and
progesterone levels.

The rates of ovarian function preservation differ based on
the type of cancer treatment the patient receives. In a pro-
spective study of 107 patients with cervical cancer, 104 pa-
tients underwent bilateral ovarian transposition before
surgery, vaginal brachytherapy, and/or external radiation
therapy. The rates of ovarian function preservation differed
depending on the type of radiotherapy; 90% of patients
who underwent vaginal brachytherapy and 60% of patients
who underwent external radiation therapy with vaginal
brachytherapy had preserved ovarian function [24].
Fertility Preservation After Ovarian Transposition

Reproductive success after ovarian transposition has been
reported in the literature [33]. A study reported 14 pregnan-
cies (11 births and 3 miscarriages) after ovarian transposi-
tion in 11 women treated for Hodgkin’s lymphoma during
a median follow-up period of 14 years [26].

In patients with preserved ovarian function after ovarian
transposition, ovulation induction and oocyte retrieval have
been successfully performed transabdominally from the trans-
posed ovaries [34,35]. Successful surrogate pregnancies have
been reported using oocytes retrieved from patients after
ovarian transposition and cancer treatment with radiation
and/or chemotherapy [36–39].

Two case reports described a combined approach using
cryopreservation and ovarian transposition to ensure repro-
ductive success in the future [10,40]. The main advantage
of embryo and oocyte cryopreservation is the proven
ability to preserve fertility in the future if the patient
becomes infertile or sterile. Both may remain frozen
indefinitely. The disadvantages include the cost (not
commonly covered by insurance), the 2- to 3-week delay
to begin cancer therapy, high estradiol levels during stimu-
lation that theoretically could affect prognosis, and need for
an egg retrieval procedure. It is important to note that
ovarian tissue cryopreservation remains experimental at
this time, and its availability and cost vary widely depend-
ing on the institution.
Complications of Ovarian Transposition

Few complications of ovarian transposition have been re-
ported. Gomez-Hidalgo et al [41] reported 2 cases of ovarian
torsion after laparoscopic ovarian transposition. Absorbable
sutures were used in these 2 cases. Ovarian contamination by
cancer cells is possible, especially when the primary cancer
is likely to extend into gonadal tissue [42,43]. Picone et al
[44] reported abdominal wall metastasis at the trocar site af-
ter ovarian transposition. A prospective study reported the
development of benign ovarian cysts requiring oophorec-
tomy in 2 patients who underwent ovarian transposition
and pelvic radiation for cervical cancer [45]. Furthermore,
Morice et al [46] reported 2 cases of ovarian metastasis
3 years after the end of treatment for stage IB squamous
cell cervical carcinoma.

In addition to these reported complications and outcomes,
there is also the risk of chronic pelvic or abdominal pain and
Mittelschmerz pain and a risk of injury to the ovarian vessels
during the procedure, which can compromise ovarian func-
tion. Torsion of the vascular pedicle can also compromise
blood supply, but the risk is decreased if the ovary is fixed
firmly in its final extrapelvic position in at least 2 to 3 points
[47]. It is important to consider and counsel the patient
appropriately regarding the general complications associ-
ated with surgery, such as the risk of anesthesia, bleeding,
transfusion, injury to the bowel or the ureters, infection,
venous thromboembolism, and the risk of reoperation.
Discussion

Radiation and chemotherapy can both reduce ovarian
function, leading to infertility and premature ovarian failure.
Premature menopause with long-term estrogen deprivation
can lead to osteopenia and osteoporosis. Certain chemo-
therapy drugs increase the loss of primordial follicles, thus
accelerating the process of normal reproductive aging. The ef-
fect of chemotherapeutic drugs on ovarian function depends
on the type and dose of agents used and the number of treat-
ment cycles. Additionally, the incidence of acute ovarian fail-
ure, infertility, and early menopause from chemotherapy
correlates with the woman’s age [48]. Cyclophosphamide
and other alkylating agents such as busulfan, chlorambucil,
procarbazine, and ifosfamide; some nonclassic alkylators
such as dacarbazine and temozolomide; and heavy metals
such as carboplatin and cisplatin are the most toxic to the
ovaries [49,50]. When exposed to these chemotherapeutic
medications, ovarian insufficiency can be transient or
permanent. In children, ovarian insufficiency can lead to
pubertal delay. The incidence of premature menopause in
survivors of childhood cancers can reach up to 30% [51]. In
older women, this can lead to low estradiol levels, oligome-
norrhea, amenorrhea, impaired fertility, or, ultimately, prema-
ture ovarian failure. Women not receiving sterilizing doses of
radiation therapy or chemotherapy may be able to conceive
post-treatment but may be at increased risk of suffering com-
plications during pregnancy [52].

Radiation therapy is an integral component in the man-
agement of several pelvic malignancies, including cancers
of the cervix, endometrium, rectum, and bladder as well as
lymphomas that involve the pelvic region. Doses required
for the management of these various malignancies can range



Fig. 7

The risk of developing AOF increases with increasing radiation doses to

the ovaries. Graph obtained from Reference [55]; permission from

Elsevier.
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from a minimum of 30 Gray (Gy) in divided doses for lym-
phoma to as high as 60 Gy or greater for locally advanced
cervical carcinomas. The ovaries are exquisitely radiosensi-
tive, and doses as low as 10 Gy can be associated with a high
risk of ovarian failure.

Natural atresia of ovarian primordial follicles begins at
birth in a predictable manner (Fig. 1). Ionizing radiation
can hasten this decline through direct DNA damage to
ovarian follicles, leading to follicular atrophy and decreased
ovarian follicular reserve. The amount of damage to the
ovaries depends on the type of agent, the doses of radiation
to which the patient is exposed, the age of the patient at the
time of radiation exposure, and the extent of the radiation
treatment field [53,54]. Mathematical models have been
devised to estimate the dose required to induce ovarian
failure. Wallace et al [53] extended that model to account
for age at onset of radiation treatment (Fig. 7). Their model
uses the effective sterilizing dose, defined as the dose of frac-
tionated radiotherapy at which ovarian failure occurs in
97.5% of patients [53,55]. The effective sterilizing dose
decreases with increasing age at treatment: at birth,
effective sterilizing dose is 20.3 Gy; at 10 years, 18.4 Gy;
at 20 years, 16.5 Gy; and at 30 years, 14.3 Gy. Figure 7
graphically depicts the risk of developing acute ovarian fail-
ure, defined as failure within 5 years of diagnosis, stratified
by age and radiation dose to the ovary.

The combined effects of radiation therapy to the pelvis
along with systemic chemotherapy are more damaging to
the ovaries than 1 or the other alone. In a retrospective study
of 162 premenopausal women with colon or rectal cancer
who underwent adjuvant chemotherapy and chemoradio-
therapy, more than 90% of patients with rectal cancer expe-
rienced long-term amenorrhea [56]. By itself, pelvic
irradiation results in follicular loss, impaired follicular matu-
ration, and cortical and capsular damage [57]. Abdomino-
pelvic irradiation can lead to high rates of premature
ovarian failure, with even less than 2 Gy, causing the loss
of 50% of primordial follicles. Pelvic irradiation may also
impair the uterus, leading to poor pregnancy outcomes.
The pathophysiology seems to involve vascular, endome-
trial, and myometrial damage [58,59]. In some cases the
only option to achieve a successful pregnancy may be with
the use of a gestational surrogate, donor eggs, or both.

The decision to undergo ovarian transposition for fertility
preservation depends on each patient’s clinical scenario and
personal preferences. The American Society of Clinical
Oncology, American Society of Reproductive Medicine, and
American Academy of Pediatrics have guidelines regarding
the options and recommendations for fertility preservation
for women [4,60,61]. The options include embryo/oocyte
cryopreservation, ovarian transposition, ovarian tissue
freezing with retransplantation (experimental), and the use
of gonadotropin-releasing hormone agonists [62]. The wom-
an’s current state of health should be considered, because
some women with severely debilitating cancers may be too
ill to undergo any fertility preservation procedure [54].
Research indicates that many patients with a cancer diag-
nosis do not receive adequate information regarding fertility
preservation. Less than half of cancer patients are referred
to a reproductive specialist [63–65]. Despite the American
Society of Clinical Oncology, American Academy of
Pediatrics, and American Society of Reproductive Medicine
guidelines and recommendations, a study reported that only
18% of oncologists had any patient resources on fertility
preservation available and only 50% reported moderate to
high confidence in knowledge regarding the subject [66].
Many barriers have been identified, including a lack of physi-
cian knowledge about fertility preservation options and re-
sources, time constraints associated with assisted
reproductive technologies and delaying the initiation of can-
cer therapy, and cost concerns and patient prognosis, espe-
cially with advanced disease. Women with cancer are
interested in discussing fertility preservation, and their cancer
care providers should address the possibility of infertility as
soon as possible before the initiation of treatment [67]. The
discussion will reduce stress and can improve patient satisfac-
tion and the woman’s quality of life in the long run [68].
Collaborative care between the oncology team, infertility spe-
cialists, psychologists, the patient, and her family can help
ensure these women have access to such information and ser-
vices. It is imperative to remember that for adult survivors,
their cancer treatment is a distant memory, but the issue of
infertility remains a present problem that limits their social
lives and curtails their hope of a biologic family [69].

The lack of well-designed clinical trials limits the quality
of available data on the outcomes of ovarian transposition.
Other limitations in reviewing the outcomes of ovarian trans-
position are the lack of comparative data regarding the
different types of radiotherapy, the different
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chemotherapeutic agents used in the literature, and the het-
erogeneity of the patient populations and the techniques
used. With an understanding of these limitations, the authors
endeavored to review the available literature and to synthe-
size this concise summary for the gynecologic surgeon to
adequately counsel affected patients, to maximize the utili-
zation of fertility preservation options including ovarian
transposition, to minimize the long-term impact of cancer
on the patient’s future, and to improve quality of life.

In conclusion, laparoscopic ovarian transposition is a
feasible, safe procedure and is recommended byAmerican So-
ciety of Clinical Oncology and National Comprehensive Can-
cer Network as an option for optimizing fertility preservation.
The procedure increases the odds of maintaining ovarian func-
tion and, as such, should be offered to women of reproductive
age along with the other options available for fertility preser-
vation. The under-utilization and the limited studies on laparo-
scopic ovarian transposition mandate the need for prospective
randomized trials to better inform cancer treatment so that
maintaining ovarian function after cancer cure is optimized.
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