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Abstract. – OBJECTIVE: Ovarian transposi-
tion is a highly effective surgical procedure
used to preserve ovarian function in pre-
menopausal patients with cancers requiring
postoperative or primary pelvic radiotherapy.
Pelvic irradiation determines severe damage of
ovarian DNA and iatrogenic ovarian failure with
premature menopause, necessity of long-term
hormone replacement therapy and infertility.

MATERIALS AND METHODS: We conducted
an extensive research of the literature in Med-
line between January 2000 and April 2015 us-
ing the key-words “ovarian transposition radio-
therapy”, “radiotherapy gonadal function”, ra-
diotherapy fertility sparing”. The population in-
cluded young women with normal ovarian
function affected by cancers that required
pelvic radiotherapy. We have examined 32 arti-
cles reporting on 1189 women undergoing
ovarian transposition. Median age was 32.5
years, follow up was median 48 months. The
procedure has been performed in patients less
than 40 years of age. Surgery has been
achieved by laparotomy or laparoscoy.We have
analyzed effects of radiotherapy on ovarian
function.

RESULTS: The proportion of women treated
by ovarian transposition preserved ovarian
function was 70%. About 86% of patients did
not develop ovarian cysts and in 98-99% of
cases did not occur any metastatic disease.

CONCLUSIONS: Ovarian transposition is as-
sociated with significant preservation of ovari-
an function and a low frequency of complica-
tions as cysts and metastasis. In 31% of cases
the procedure can fail. Further studies are
needed to evaluate the efficacy of ovarian
transposition and the follow up. Ovarian trans-
position should be discussed at the time of
cancer diagnosis in every premenopausal
woman requiring pelvic radiotherapy.
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Introduction

Radiotherapy is a treatment involving the use
of high-energy radiation. It’s commonly used in
the management of a lot of kind of cancers. Radi-
ation therapy is commonly applied to the cancers
because of its ability to control cell growth. Ion-
izing radiation works by damaging the DNA of
cancerous tissue leading to cellular death. Radio-
therapy can also be used before surgery to shrink
dimension of cancer (known as neoadjuvant
treatment), or after surgery to destroy residual
neoplastic cells (known as adjuvant treatment)1.
For people with incurable cancers, radiotherapy
is also commonly used to control and palliate
symptoms. Radiotherapy can be used, alone or in
combination with chemotherapy. Radiotherapy
aims to deliver a precisely measured dose of radi-
ation to a defined tumor volume with minimum
possible damage to the surrounding normal
tissue2. Pelvic irradiation is often indicated in
some women with Hodgkin’s disease, genitouri-
nary, or low intestinal malignancies3. Depending
on the site and the extent of the disease, radiation
can be administered locally or to a larger area. It
is highly effective in patients with early stage
cancers, and can improve survival in young
women with pelvic malignant diseases. Radio-
therapy in young patients with cancer has greatly
enhanced the life expectancy of these patients.
However the ovaries are very radiosensitive or-
gans and pelvic irradiation can induce massive
destruction of the ovarian tissue. Pelvic radio-
therapy cause severe damage in ovarian DNA, re-
sulting in premature ovarian failure, premature
menopause with the necessity of long-term hor-
mone replacement therapy and infertility4. The
pool of ovarian primordial follicles declines from
2 million at birth to 500.000 at menarche. Be-
tween the age of 37 and 38 years there is an asso-
ciated accelerated loss and an increased difficulty
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to spontaneous conception5,6. Primordial follicles
are more radio-resistant than maturing follicles7.

The human ovary contains a finite number of
ovarian follicles, which are vulnerable to DNA
damage induced by radiotherapy. After exposing
to ionizing radiation by the ovaries most of the
primordial follicles and granulose cells will die
in microseconds. There is a loss of the cortical
stromal cells and in time, the cortical volume is
replaced by collagen. Only few cells can escape
the damage, undergo repair, and still have their
function8-11.

The ovarian dose tolerance depends on many
factors. The degree and persistence of ovarian
damage and the suppression of its function are
age and dose dependent12. The radiation dose in-
ducing ovarian failure after treatment decreases
with increasing age. Infact, the ovaries are more
resistant in prepubertal girls. The estimated ef-
fective sterilizing dose at birth was 20.3 Gy; at
10 years 18.4 Gy; at 20 years 16.5 Gy and at 30
years 14.3 Gy. Irreversible ovarian failure is cer-
tain at delivery dose to both ovaries of 4 to 7 Gy
in women older than 40 years4. But the same
dose in fractioned modality can preserve the
ovarian function. The risk of amenorrhea was of
80% in prepuberal women with 15 Gy and 10 Gy
in postpuberal girls, 30-70% with 10-15 Gy in
prepuberal and 5-10 Gy in postpuberal girls7.
Furthermore, it has been reported4 that with a
dose of 12 to 50 Gy, primary amenorrhea oc-
curred in 68% of cases treated at a mean age of
6.9 years. Winarto et al13 reported that the cutoff
dose for radiation-induced ovarian failure is
around 8-20Gy. A dose >8 Gy causes permanent
ovarian damage in patients older than 40 years. A
dose >20 Gy causes permanent sterility in pa-
tients of any age, with disappearance of the pri-
mordial follicles.

If cancer doesn’t include ovaries the preserva-
tion of ovarian function in premenopausal women
is crucial so that their qualities of life could be
improved. Early menopause is associated with os-
teoporosis and cardiovascular disease in addition
to climacteric symptoms such as hot flushing,
urogenital atrophy, and sexual dysfunction. Long-
term hormone replacement therapy complications
are increasing of cardiovascular events, breast
cancer, and dementia14. Fertility preservation has
become an issue in young female patients suffer-
ing from cancer. Various options are available to
offer the opportunity of future pregnancies. Many
strategies exist for fertility preservation and they
should be assessed according to patient’s age,
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type of cancer, and time available. Some tech-
niques15 are well established as embryo cryop-
reservation, oocyte preservation, ovarian tissue
cryopreservation, and auto transplantation of the
ovary to the upper extremity with creation of vas-
cular anastomosis. A study by Gubbala16 reported
that ovarian function could be preserved by trans-
position but in literature there is a discordance be-
tween results. First transposition was described in
1958 by McCall et al17.

Ovarian transposition is a highly effective sur-
gical procedure used to preserve ovarian function
in premenopausal patients with cancers requiring
postoperative or primary pelvic radiotherapy that
can cause iatrogenic ovarian failure16. Remove the
ovaries from their anatomical site and transport
them to a site out of the field of radiation is a use-
ful method to minimize ovarian follicle exposure
to radiation4. Generally this is done by laparoto-
my either as a part of surgical staging or as a sep-
arate procedure18. Ovarian transposition can be
done by laparotomy or laparoscopy19. Many stud-
ies20-22 showed that laparoscopic ovarian transpo-
sition is the best option. Ovarian transposition by
laparotomy is associated with a large abdominal
incision, a long hospital stay, a longest recovery
time and an increased risk of adhesion formation,
inflammation, and intestinal obstruction. Since la-
parotomy necessitates a longer postoperative re-
covery time, it significantly delays radiotherapy19.
The ovary is mobilized to identify the ligament
that can be sectioned23. However, attention should
be paid to avoid torsion and extension of the ovar-
ian vessels, which may reduce blood supply to the
ovaries13,24. The ovaries are marked with metallic
clips for radiologic identification and for indicate
the site of new allocation to be preserved by radi-
ations. The integrity of the fallopian tube was re-
spected and the ovaries are sutured to peritoneum.
The suture avoid the return of transposed ovary to
natural site and the stitches were retrieved after ir-
radiation.

It is important to define the site of new alloca-
tion of one or both ovaries to minimize the risks
connected with radiotherapy. Ultrasonography or
RMI can define the new position with satisfactory
precision4. The ovaries have been transposed to a
variety of sites and levels. Tulandi and AlTook25

showed that steroid hormone production from on-
ly one ovary is enough to prevent ovarian function
failure. Clough and Giacalone21,26 showed that uni-
lateral right ovarian transposition effectively pre-
serves ovarian function in 85% of subjects. Addi-
tionally, unilateral ovarian transposition of the



tions as cysts, metastasis and radiation-induced
cancer on transposed ovaries.

Material and Methods

We conducted an extensive research of the lit-
erature in Medline between January 2000 and
April 2015. We used the key-words “ovarian
transposition radiotherapy”, “radiotherapy go-
nadal function”, radiotherapy fertility sparing”.
The list of references was based on recent date of
publication and relevance to the scope of this Re-
view as ovarian function preservation, ovarian
cyst formation and metastatic ovarian diseases
following ovarian transposition. The population
interested in this review included young women
with normal ovarian function affected by malig-
nant diseases that required pelvic radiotherapy.

We have examined thirty-two articles report-
ing on 1189 women undergoing ovarian transpo-
sition. Median age was 32.5 years (range 1.2-38).
Follow up was median 48 months (range 28
months-16 years). Were examined: publication
date, type of study, duration of follow up, type of
OT, retention of ovarian function, incidence of
metastasis, ovarian cysts formation and associat-
ed complications. Patient’s symptoms. All the
studies were observational. No studies had a
blinded assessment of the outcomes. Ovarian
function was studied by serum FSH and 17-B-
estradiol level and by morphological study of fol-
licles with ultrasound. Some studies have consid-
ered patient’s symptoms also.

In the majority of the studies, the procedure
was performed in patients less than 40 years of
age. Surgery was made by laparotomy or la-
paroscopy. In two studies the ovaries were trans-
posed to the subcutaneous tissue.

Results

Pelvic irradiation is a highly effective treatment
improving survival in young patients with early
stage cancers. However, these treatments can in-
duce massive destruction of the ovarian tissue in-
ducing permanent loss of ovarian function. Ovari-
an transposition is indicated in premenopausal pa-
tients with tumors requiring pelvic radiation, in
attempt to the preserve ovarian function.

Gubbala et al16 computed the summary propor-
tions for ovarian function preservation, ovarian
cyst formation and metastatic ovarian disease fol-
lowing transposition.The ovarian preservation
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right ovary to the paracolic gutter, as high as the
subhepatic region, is technically easier, resulting
in fewer complications. The ovaries can be trans-
posed medially behind the uterus, laterally outside
the radiation field, or to distant site27.

In case of central pelvic irradiation ovaries
should be located in lateral sites as paracolic gut-
ters or near inguinal ring; in case of monolateral
neoplasia the location of transposition in the op-
posite site; in some case of Hodgkin’s lymphoma,
if interested inguinal or low iliac chains, the
ovaries are located in line with iliac crests. How-
ever, attaching the ovary to the flank produces
more pain complaints than lateral transposition of
the ovaries into the paracolic gutter, which is
more widely accepted and results in minimal
complications28. Lateral ovarian transposition to
the paracolic gutter lateral to the ascending or de-
scending colon is considered a simple standard
procedure and can be done laparoscopically. If
the ovaries are transposed laterally, about 3 cm
above the pelvic inlet, they will receive only 1-
10% of the total radiotherapy dose29-31.

Therefore, the ovaries should be transposed at
least to the level above the pelvic brim. Transpo-
sition to this level can be achieved easily without
separating the fallopian tubes from its uterine
origin. This allows the possibility of spontaneous
conception32. Soda et al33 analyzed data from 27
patients who underwent ovarian transposition af-
ter surgical treatment for uterine cancer. There
were retrospectively analyzed the images ac-
quired with TC at different times. The differ-
ences in ovarian position between the CT images
were measured. The data suggest that bilateral
ovaries need a planning risk volume margin of 2
cm in all directions. The study suggests that a
transposed ovary needs the same planning risk
volume margin as a normal ovary (2 cm). Even
after transposition, the ovaries should be kept
away from the radiation field to take into consid-
eration the degree of ovarian movement.

The concerns of ovarian transposition are pos-
sibility of radiation-induced cancer, ovarian cyst
formation and metastasis in the transposed
ovaries13,16. Longer follow-up is required to as-
sess the ovarian function. However, Irtan et al4

showed how there are few studies that have fol-
lowed these patients for long time in preserva-
tion of ovarian functions with this technique.

We conducted a comprehensive review of the
existing literature and analyzed the effects of ra-
diotherapy on the ovarian function, results in
term of preservation of fertility and complica-



crest after pelvic irradiation in cervical cancer is
recommended to avoid ovarian failure.

Shou et al41 reported experience with laparoscop-
ic ovarian transposition and ovarian function preser-
vation in young women with cervical squamous
cell carcinoma treated by primary pelvic irradiation.
This work enrolled twenty-seven premenopausal
patients treated with radiotherapy for a cervical
squamous cell carcinoma. All of them underwent to
bilateral or unilateral laparoscopic ovarian transpo-
sition. The ovarian preservation was achieved in
69.2% of patients. No patient was detected with im-
mediate intraoperative or postoperative complica-
tions and ovarian metastasis at follow-up.

Pahisa et al19 evaluated in his study the feasi-
bility, efficacy and morbility of laparoscopic
ovarian transposition. The study included 28 pa-
tients younger than 45 years, 93% of whom
maintained normal ovarian function. Two pa-
tients developed benign ovarian cysts and there
were no cases of ovarian metastasis.

Winarto et al13 reported that lateral ovarian
transposition is 44-85% effective in preserving the
ovarian function and that complications such as
symptomatic ovarian cyst formation range from
0% to 27%. Lateral ovarian transposition to the
subcutaneous adipose tissue (20-27%) is more fre-
quently associated to symptomatic cyst formation
than after lateral ovarian transposition to the para-
colic gutter. Ovarian metastasis is rare (0-1.2%) but
is reported. The incidence of trocar insertion
metastasis is <1%. As lateral ovarian transposition
to the paracolic gutter is a simple and safe proce-
dure for preserving ovarian function, its benefits
outweighs the risks of complications21,30,42-44.

Perri et al45 in his study analyzed 30 patients and
the ovarian function was preserved in 15 patients.

Terenziani et al39 studied 11 women at a medi-
an age of 13 years. Fourteen pregnancies were
recorder among these 11 patients. This result
confirms that ovarian transposition can preserve
ovarian function and enable future pregnancy in
60% of patients.

Bisharah et al46 reported that laparoscopic
ovarian transposition in women <40 years old is
associated with preservation of ovarian function
in 88.6% of cases.

In a retrospective study conducted by Owens
et al47 14 patients had a laparoscopic ovarian
transposition of whom only one developed ovari-
an failure. No patients developed any complica-
tions or metastatic disease. Huang et al reported
fourteen cases treated with laparoscopic ovarian
transpositions.

was performed in 90%. More common complica-
tions were: 14% ovarian cysts, 0.9% metastasis.

For Irtan4 several studies have reported results
of ovarian transposition in preservation of ovari-
an function and fertility21,30,34-37 but only few stud-
ies published long term follow up38,39. Overall the
success in preservation of ovarian functionality
seems to be located between 60 and 80%. New
techniques in valuation of ovary as Inhibin B end
anti-Mullerian hormone can increase the feasibil-
ity of future studies. Ovarian cysts are referred in
20-24% of cases40. Recent studies demonstrate a
poor damage of ovarian function. Metastasis had
a low occurrence.

Anderson et al referred that 104 pre-
menopausal women, 42 years of age or less, with
early stage carcinoma of the cervix had surgical
management with ovarian retention. Only 17% of
transposed and radiated patients have continued
ovarian function. Only one patient developed a
metastatic disease in the ovary at 17 months and
1 had a benign cystic teratoma at 62 months after
treatment. They concluded that transposition was
not successful in preserving ovarian function in
patients who are likely to need radiation therapy
and is, therefore, not indicated30.

Thibaud et al38 analyzed how ovarian transposi-
tion in adults has been shown to protect ovarian
function in about 60% of cases by reducing ovari-
an exposure to less than 4 to 7 Gy. Therefore, the
effect of ovarian transposition child or adolescent
patients was evaluated. Eighteen girls had ovarian
transposition performed at a mean age of 9.4 years
(range 1.2 to 16 years). The ovarian transposition
was bilateral in 15 patients and unilateral in 3 cas-
es; in the latter the other ovary had been destroyed
by the tumor or by abdominal irradiation. At the
time of evaluation 16 patients had menstruation
and 2 remained amenorrheic. The complications
of ovarian transposition were present in four pa-
tients: intestinal occlusion, dyspareunia, functional
ovarian cysts, and pelvic adhesions with tubal ob-
struction. The conclusion of the study was that
ovarian transposition before abdominopelvic irra-
diation can preserve ovarian function38.

Hwang et al23 analyzed 53 patients with cervi-
cal cancer underwent ovarian transposition evalu-
ating the effectiveness of ovarian transposition
procedures in preserving the ovarian function in
relation to the location of the transposed ovaries
in patients who underwent surgery with or with-
out pelvic radiotherapy with retrospective design.
The conclusion confirmed that the location of
transposed ovary higher than 1.5 above the iliac
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transposition, the best options for these young
women for pregnancy outcomes.

Thibaud et al38 concluded that ovarian transpo-
sition, performed before abdominopelvic irradia-
tion during childhood and adolescence, can pre-
serve the ovarian function. Longer follow-up is
required to assess the risk of ovarian dystrophy
because of vascular lesions or chemotherapy.

In other side, the ovarian function was highly
preserved in those patients who had no adjuvant
radiotherapy irrespective of the type of transpo-
sition or the position of transposed ovaries40.
Further comparison between the ovarian trans-
position and non-ovarian transposition cancer
groups is required to assess directly the efficacy
of ovarian transposition on ovarian function
preservation.

Concerning the risks of ovarian transposition,
Hwang et al23 show how the chance of ovarian
metastasis on the transposed ovary is very negli-
gible. Tabata et al49,52 noted that metastasis are
more frequent with adenocarcinoma and with
bulky tumor. The risk of ovarian carcinoma af-
fecting the transposed ovaries is extremely low.
Several risk factors for ovarian involvement
have been suggested50. It appears that non-squa-
mous histology carries a higher risk than the
squamous one. Sutton et al51 reported an inci-
dence of 0.5% in squamous cell carcinoma
compared to 1.7% in adenocarcinoma. There-
fore, ovarian metastasis in early cervical cancer
occurs very rarely52. Moreover, the prevalence
of port site metastasis is <1%, which would ex-
plain our results, as the majority of transposi-
tions were performed laparoscopically44.

Risk factors for cyst development include
previous surgery, extensive ovarian mobilization
albeit the mechanism is unknown and gynaeco-
logical pathology such as endometriosis or
pelvic inflammatory disease40. Symptomatic
cysts were identified by imaging and were treat-
ed either conservatively or surgically. The surgi-
cal treatment included needle puncture, cystec-
tomy or oophorectomy. The conservative treat-
ment included analgesics, hormonal or expec-
tant management. The transposed ovary can al-
so induce ovarian torsion30,53.

Published data vary with regards to functional
outcomes such as ovarian failure, ovarian cysts
and metastases to the transposed ovaries but our
systematic review of 32 studies confirms and
generalizes the concept that the ovarian transpo-
sition is associated with a high preservation of
the ovarian function, an acceptable rate of ovari-
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Only one of the seven (14.29%) patients be-
came ovarian failure and no intraoperative or
immediate postoperative complication was ob-
served22. Williams et al37 study is a report of the
outcome of 12 patients with Hodgkin disease.
The young women underwent to transposition
of the ovaries just prior to pelvic radiation. Two
patients were excluded from the analysis and at
follow-up five patients had evidence of ovarian
function. Feneey et al34 data suggest that the lat-
eral ovarian transposition preserves the ovarian
function in only 50% of patients undergoing
pelvic radiotherapy following radical hysterec-
tomy (Table I).

Ovarian transposition is the main approach to
avoid ovarian damage in young woman to be ex-
posed to pelvic irradiation4. The review show
how ovarian transposition is related with signifi-
cant preservation of ovarian function. It is now
established as a simple and reliable method with
reduced morbidity30. Laparoscopy avoid compli-
cations of laparotomy with well noted advan-
tages technique related. The ovarian function is
preserved in satisfactory percent of cases and
complications are of poor entity.

Thev age is an important factor in maintaining
ovarian function: it is reported that the rate of
menopause after transposition and radiotherapy
is high when age is more than 40 years34,22,48.
Therefore bilateral ovarian transposition is rec-
ommended in patients who are <32 years of age.
The progress in medically assisted reproductive
techniques represents actually, with ovarian

Ovarian
Patients (n) preservation (%)

Gubbala et al 892 90%
Anderson et al 104 17%
Owens et al 14 93%
Thibaud et al 18 60%
Perri et al 30 50%
Pahisa et al 28 93%
Shou et al 27 69.2%
Williams et al 10 50%
Terenziani et al 11 60%
Morice et al 22 79%
Feeney et al 28 50%
Clough et al 20 85%
Hwang et al 53 95%
Huang et al 14 85.71%

Table I. Summary of the largest studies evaluating efficacy
of ovarian transposition on ovarian preservation.



an cysts and a low risk of metastases in the trans-
posed ovaries.

Conclusions

The efficacy of ovarian transposition in pa-
tients undergoing radio-surgical treatment for gy-
naecological malignancies with high preservation
of ovarian function and negligible risk of metas-
tases to the transposed ovaries, despite rather
common incidence of ovarian cysts, is well es-
tablished. As quality of care remains an impor-
tant issue in cancer care; careful expansion of pa-
tient selection could identify those pre-
menopausal patients who would really benefit
from this rather underutilized procedure. Laparo-
scopic ovarian transposition is a simple, safe, ef-
fective, but often forgotten, procedure for young
premenopausal patients with cancer who are un-
dergoing radiotherapy. Ovarian transposition
should be offered and discussed at the time of
cancer diagnosis in every young woman suffer-
ing from pelvic cancer.

However, further studies are still needed to
evaluate the efficacy of ovarian transposition and
for a careful follow-up.
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