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Abstract No studies have been performed to evaluate and
compare adhesion formation after laparoscopic ovarian
drilling with that after ovarian wedge resection by mini-
laparotomy at the very early stage one week after surgery in
women with polycystic ovarian syndrome (PCOS). We
investigated adhesion formation after surgical ovarian
wedge resection by minilaparotomy (group I; n=37) and
laparoscopic ovarian electrodrilling (group II; n=39) in 76
clomiphene citrate-resistant anovulatory infertile women
with PCOS. All patients underwent an early second-look
laparoscopy one week after operation. Thirty-six women
(92.3%) in group II were found to be free of adhesions,
whereas 81.1% (30 of 37) of the women in group I had
periovarian adhesions. The frequencies of periovarian,
intra-abdominal and uterine adhesions in group I were
significantly higher than those in group II. There were
significant differences in the AFS adhesion scores between
group I (9.0±9.7 points) and group II (0.1±0.5 points). After
surgery all women ovulated spontaneously or with clomi-
phene citrate. The pregnancy rate within 1 year after
surgery in group II (87.2%) was significantly higher than
that in group I (59.5%). The women with PCOS who were
treated with laparoscopic ovarian electrodrilling were
almost free of postoperative adhesion formation and most

of them conceived within 1 year after surgery. This
laparoscopic technique should be considered at an early
stage in infertile women with PCOS who have failed to
respond to clomiphene citrate therapy.
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Introduction

Ovarian wedge resection by laparoscopy was the first
established treatment for anovulatory polycystic ovarian
syndrome (PCOS) patients who failed to respond to
medical therapy, but this technique has fallen into disfavor
because of the risk of postoperative adhesion formation [1].
Less invasive surgical methods such as laparoscopic
surgery (wedge resection by Nd:YAG laser) [2, 3], multiple
ovarian biopsy [4], ovarian electrocautery [5–8], and laser
vaporization [9] have been reported for the treatment of
anovulation in patients with PCOS. Even more recently
ovarian wedge resection by minilaparotomy has been
offered as an alternative approach in patients with PCOS
who did not conceive with standard ovulation induction
protocols since this technique offers high pregnancy rates
and minimal adhesion formation [10].

Although these clinical results appear promising, no
study has evaluated the incidence of early postoperative
adhesions at the early stage one week after these proce-
dures. In the present study, we evaluated and compared
postoperative early adhesion formation after laparoscopic
ovarian drilling with that after ovarian wedge resection by
minilaparotomy in women with PCOS.
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Materials and methods

A total of 76 women between 21 and 37 years of age who
presented to the infertility/endocrine clinic at Shimane
Medical University Hospital, Izumo, Japan, with infertility
and anovulation, who were diagnosed with PCOS, and who
failed to ovulate with increasing doses of clomiphene citrate
up to a maximum of 150 mg/d for 5 days, were the subjects
of this study. Male infertility, tubal factors or uterine factors
were excluded. Clinical PCOS was diagnosed according to
the criteria reported previously [11]. The criteria involve
endocrine abnormality [luteinizing hormone (LH)/follicle
stimulating hormone (FSH) ratio >1 and androstenedione
(ASD) ≥1.2 ng/ml] in basal serum concentrations and
detection of multiple (≥10) small bilateral ovarian cysts on
transvaginal ultrasonic examination by a Sonovista-MSC
scanner (Mochida, Tokyo, Japan) equipped with a 5.0, 6.0
or 7.5 MHz frequency transvaginal transducer. After full
Institutional Review Board approval was obtained, all the
women recruited gave written informed consent and agreed
to undergo ovarian wedge resection by minilaparotomy or
laparoscopic ovarian drilling. The operations were per-
formed by the first author (KT), who is skilled in
microsurgical and laparoscopic techniques. Thirty-seven
women who presented from January 2000 to December
2002 were chosen to receive bilateral ovarian wedge
resection by minilaparotomy (group I), with the remaining
women who presented from January 2003 to December
2004 undergoing bilateral laparoscopic ovarian electro-
drilling (group II).

Minilaparotomy (a 3–4 cm transverse incision) was
performed above the symphysis pubis and after entering
the abdominal cavity, surgical gloves were washed again
with saline in order to eliminate talk. One of the ovaries
was pulled out of the abdominal cavity with the surgeon’s
index and middle fingers. Wedge resection using mono-
polar electrosurgery was performed with a vertical incision
to the horizontal axis of the ovary deep into the medulla
near the utero-ovarian ligament and approximately half of
ovarian tissue was resected. The defect was closed with
double layered continuous 2/0 polyglactine (Vicryl) sutures
and during operation the ovary was kept continuously
moist. After complete hemostasis, the ovary was replaced
into the abdominal cavity and the same procedure was
performed on the other ovary.

Laparoscopic ovarian drilling was performed using a
three-puncture technique. The ovary was immobilized with
laparoscopic forceps, and monopolar electrodrilling with
30 W of coagulating current for 2 s at each point was
applied to 10–15 points on each ovary. At the completion of
the procedure, the ovarian surface was lavaged and the
absence of bleeding from the ovarian surface was con-
firmed. Prior to closing the peritoneal cavity, 250 ml of

saline was instilled into the dependent portion of the pelvis.
All women were found to be free of adhesions at the initial
operation.

All patients underwent an early second-look laparoscopy
seven days after the initial procedure for assessment of
adhesion formation on periovarian, intra-abdominal and
uterine lesions. The American Fertility Society (AFS)
system for classification of adnexal adhesions [12] was
used to assess periovarian adhesion. The degree of adhesion
in groups I and II were compared. In cases where adhesions
had developed, they were lysed wherever possible, using a
combination of blunt and sharp dissection with laparoscopic
scissors and/or cautery.

There were no complications during any procedure and
all patients were discharged on the day of surgery. We
followed all patients for 12 or more months after the early
second-look laparoscopy. In addition, the ovulatory rate and
pregnancy rate of the two groups were also compared.

Valueswere expressed as themeanvalue ± SD.Differences
between groups were analyzed for statistical significance
using Sheffe F test, or the chi-squared test. A P value <0.05
denoted the presence of a statistically significant difference.

Results

The two groups did not differ significantly in age, body
mass index, smoking habits, operation time and pre- and
postoperative serum LH, FSH, and ASD values. Abnor-
mality of pre-operative serum LH and ASD values in both
groups markedly improved after the treatment (Table 1).

In group II, 7.7% (3 of 39) of the women had only
periovarian adhesion, and other women were found to be
free of adhesions. In group I, however, 30 (81.1%), 20
(54.1%) and 17 (45.9%) of 37 women had periovarian,
intra-abdominal and uterine adhesions, respectively. The
frequencies of periovarian, intra-abdominal and uterine
adhesions in group I were significantly higher (P<0.0001)
than those in group II (Fig. 1).

There were significant differences (P<0.0001) in the
AFS adhesion scores between group I (9.0±9.7 points) and
group II (0.1±0.5 points) (Fig. 2).

After surgery, all women ovulated spontaneously or with
clomiphene citrate. Thirty-four (87.2%) of 39 women in
group II and 22 (59.5%) of 37 women group I achieved
conception within 1 year after surgery.

The pregnancy rate in group II (87.2%) was signifi-
cantly (P=0.0061) higher than that in group I (59.5%)
(Fig. 3). There were also significant differences (P=0.0283)
in the period until pregnancy after surgery between group II
(4.4±3.8 months) and group I (6.5±2.9 months). Patients
who underwent laparoscopic ovarian drilling conceived
earlier than those in the wedge resection group.
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Blood loss (33.8±17.4 ml) during operation in group II
was significantly (P<0.0001) greater than that (<10 ml) in
group I.

Discussion

About 10–15% of women with PCOS will not ovulate in
response to clomiphene citrate, and in those who do, half
will not conceive. Ovulation induction in these patients
may involve the administration of human chorionic
gonadotropin or pure FSH, without prior pituitary desensi-
tization by gonadotropin releasing hormone agonists.
However, gonadotrophin therapy is associated with a
significant incidence of ovarian hyperstimulation syn-
drome, multiple pregnancies and pregnancy loss [13]. An
alternative to the medical approach is surgical treatment.

Less invasive techniques are emerging for minimizing
postoperative adhesion formation. The most widely used
surgical treatment today is laparoscopic ovarian drilling
[14–19]. Many surgical modalities (laser, unipolar, and
bipolar cauteries) and techniques have been used.

Compo [20] reviewed the literature from 1969 to 1996
concerning adhesion formation as a complication of
surgical treatment of PCOS. After ovarian wedge resection
by laparotomy, the mean incidence of adhesions was 90%
(range: 42–100%). Laparoscopic treatment, although only
minimally invasive, may also cause adhesions. The mean
incidence of adhesions after laparoscopic electrocauteriza-
tion was 29.1% (range: 0–100%), whereas after laparo-
scopic laser vaporization it was 50% (range: 0–80%).
However, even more recently ovarian wedge resection by
minilaparotomy has been reported as an alternative approach
in patients with PCOS who did not conceive with standard

Fig. 1 The frequency of periovarian, uterine and intra-abdominal
adhesions after PCOS treatment. I: group I (ovarian wedge resection).
II: group II (laparoscopic ovarian electrodrilling)

Table 1 Demographics of the study groups

Group I (n=37) Group II (n=39)

Mean±SD (range) age (yrs) 29.6±5.3 (21–36) 29.9±3.7 (24–37)
Mean±SD (range) BMI (kg/m2) 22.4±3.1 (18–28) 21.8±3.4 (18–27)
Smokers (no.) 6 11
Mean±SD (range) operation time (min) 56.1±5.4 (40–60) 58.1±8.2 (40–70)
Mean±SD (range) preoperative LH (mIU/ml) 13.1±2.4 (10.6–18.5) 13.7±2.9 (8.7–19.8)
Mean±SD (range) postoperative LH (mIU/ml) 5.1±1.0* (2.8–6.8) 4.9±1.3* (2.8–6.8)
Mean±SD (range) preoperative FSH (mIU/ml) 6.7±1.3 (4.9–9.1) 7.1±1.1 (5.2–8.9)
Mean±SD (range) postoperative FSH (mIU/ml) 6.5±1.0 (4.8–8.8) 6.8±1.0 (5.0–8.8)
Mean±SD (range) preoperative ASD (ng/ml) 2.6±0.8 (1.5–4.0) 2.5±0.5 (1.4–3.1)
Mean±SD (range) postoperative ASD (ng/ml) 0.9±0.4* (0.4–1.8) 0.9±0.3* (0.4–1.4)

BMI=body mass index; LH=luteinizing hormone; FSH=follicle stimulating hormone; ASD=androstenedione
*P<0.0001 vs. pre-operation

Fig. 2 AFS adhesion scores. Group I (ovarian wedge resection),
group II (laparoscopic ovarian electrodrilling)
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ovulation induction protocols since this technique offers high
pregnancy rates and minimal adhesion formation [10].

Despite being minimally invasive, laparoscopic drilling
results in postoperative adhesions, although at a lower
frequency than with ovarian wedge resection by laparoto-
my. Adhesion rates vary from 0–100% in published studies.
Only a few women who were initially treated with ovarian
drilling eventually had a second-look laparoscopy or
laparotomy. The risk of postoperative adhesion formation
and the role of second-look laparoscopy in the prevention
of this undesirable complication remain uncertain.

Greenblatt and Casper [5] observed periovarian adhe-
sions of varying severity in eight women after laparoscopic
cauterization. The use of an Interceed adhesion barrier
showed no protective effect. Despite this finding, seven of
the eight women spontaneously conceived without any
further therapy. The adhesion score at second-look laparos-
copy was evaluated according to the revised AFS classifi-
cation [12]. Total adhesion score at the second laparoscopy
ranged from 2–42. There was no significant difference
between total adhesion score and achievement of concep-
tion. However, in the present study there was adhesion
formation in only 7.7% of the women in the laparoscopic
electrodrilling group. Furthermore, there were significant
differences in the AFS adhesion scores between laparo-
scopic electrodrilling and minilaparotomy.

Liguori et al. [6] evaluated 97 anovulatory infertile
women with PCOS treated with laparoscopic electrocautery
of the ovarian surface after they had failed to ovulate under
ovarian stimulation. Thirty patients underwent a second-
look operation, including 12 patients who had received a
Cesarean section. No adnexal adhesions were observed in
patients who had received a Cesarean section. In seven

patients de novo adhesion formation was detected by
diagnostic laparoscopy. Four cases were evaluated as
minimal, two cases as mild and only one as moderate. In
a total of 30 second-look operations, de novo adhesions
were found in 23.3% of the patients. In another study of 15
women who underwent a second-look laparoscopy after
laparoscopic ovarian drilling using an insulated needle
cautery, 11 women were found to be free of adhesions. Four
women had periadnexal adhesions that were filmy, mini-
mal, and found on the ovarian surface only [8].

It would appear that adequate homeostasis and peritoneal
post-drilling washing are important factors in minimizing
adhesion formation. Another approach to minimizing
postoperative adhesion formation is the use of short-interval
second-look laparoscopy to lyse any adhesion that has
occurred. Although there is no consensus, a second-look
laparoscopy is usually performed four weeks after surgery.
Considering the physiology of adhesion formation, after
injury an inflammatory response occurs, with an increase in
the permeability of blood vessels in traumatized tissues
secondary to the release of histamine and vasoactive kinins.
This results in an outpouring of proteinaceous seroangi-
neous fluid, which generally coagulates within 3 hours. As
a result, fibrinous bands are formed. Thereafter with the aid
of endogenous fibrinolytic activity, these adhesions are
generally lysed within 72 hours. Once these bands are
lysed, the underlying connective tissue undergoes metapla-
sia. Much of the healing is completed within 5 days, and
adhesion formation is mostly complete by 21 days. A very
early adhesiolysis may not be inappropriate, but it should
be kept in mind that the process of adhesion formation
might continue until as long as the 21st day and that some
adhesions may occur at a late stage.

The time interval before evaluating adhesion formation
with second-look laparoscopy also varied greatly, from
2 weeks to more than one year after initial surgery [5–8,
21–23]. In the present study, an early second-look laparos-
copy for adhesion formation was performed 7 days after the
initial surgery. Raj and Hulka [21] evaluated 60 women
who underwent microsurgical adhesiolysis at laparotomy,
followed by second-look laparoscopy. The tuboovarian
adhesive disease was staged according to the severity of
the disease and findings at second-look laparoscopy were
compared with those at the original operation. Sixty
percent of adnexa showed improvement at second-look
laparoscopy. They further determined that the optimal
interval between primary surgery and second-look lapa-
roscopy is 4–8 weeks, because newly formed or reformed
adhesions were most easily lysed at that time. DeCherney
and Mezer [22] compared the gross and histopathologic
differences between adhesions found in early second-look
laparoscopy, which they defined as 4–16 weeks after
surgery, with laparoscopy after 18 months or more. The

Fig. 3 Pregnancy rate. Group I (ovarian wedge resection), group II
(laparoscopic ovarian electrodrilling)
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majority of adhesions seen at late laparoscopy were
thicker and neovascularized whereas early adhesions
tended to be filmy and avascular. Experimental data
indicated that an early second-look lysis of adhesions is
effective in reducing postoperative adhesion only when
performed after 14 days [23].

On the other hand, several investigators have suggested
that all adhesions can be separated easily at 8 days [24–26],
and that a more suitable time to perform second-look
laparoscopy is 10 days after the first operation [26]. In the
present study one reason we decided to carry out the early
second-look laparoscopy 7 days after the primary operation is
because it is more convenient for patients to receive the
second-look laparoscopy during the same period of hospital-
ization as the initial operation. Therefore, we performed an
early second-look laparoscopy at 7 days after the first
operation during the same hospital admission and were able
to separate all postoperative adhesions with no bleeding.

The reported rate of adhesions differs greatly depending
on the author or technique. The adhesions may be due to
bleeding from the ovarian surface or to premature contact
between the ovary and the bowel after cauterization. After
laparoscopic electrocoagulation, adhesion formation was
detected in 19.3% of the subjects; however, this incidence
was reduced to 16.6% with the use of abdominal lavage
[16]. In the surgical treatment of PCOS, the aim should be
removal of stroma with minimal surface damage and
without causing bleeding of the ovarian capsule in order
to minimize adhesion formation. In the present study, we
used abdominal lavage after laparoscopy. Using this
technique, the adhesion formation rate (7.7%) in patients
evaluated with early second-look diagnostic laparoscopy
was very low compared with the literature.

Adhesiolysis during second-look surgery does not
necessarily improve pregnancy rates [27]. On the other
hand, 15 women who did not achieve conception 1 year
after laparoscopic ovarian drilling underwent a second-
look laparoscopy, and 6 of these 15 women subsequently
conceived within 6 months after the second procedure [8].
In the present study, after adhesiolysis during early
second-look laparoscopy, 59.5% of patients who under-
went wedge resection by minilaparotomy subsequently
conceived within 1 year after surgery. No adhesion
formation was observed in 36 (92.3%) of 39 patients
who underwent laparoscopic ovarian electrodrilling, and
34 (87.2%) of these patients subsequently achieved
conception within 1 year after surgery. Although the
difference in pregnancy rate between the two groups
might be coincidental, it may be related to pelvic
readhesion occurring after the lysis of adhesions at the
early second-look laparoscopy and/or it is possible that
some pelvic adhesions could be occurring at a late stage.
Larger numbers of subjects would be required to

statistically determine the effects of laparoscopic electro-
surgical treatment for de-novo adhesion formation after
surgery in women with PCOS.
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