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Abstract It is a prospective controlled study to compare the
beneficial effects of office microlaparoscopic ovarian drilling (OMLOD) under augmented local anesthesia, as a new
modality treatment option, compared to those following
ovarian drilling with the conventional traditional 10-mm
laparoscope under general anesthesia. The study included
60 anovulatory women with polycystic ovary syndrome
(PCOS) who underwent OMLOD (study group) and 60
anovulatory PCOS women, where the conventional laparoscopic ovarian drilling (LOD), using 10-mm laparoscope
under general anesthesia, was performed (comparison
group). Transvaginal ultrasound scan and blood sampling
to measure the serum concentrations of LH, FSH, testosterone, and androstenedione had been performed before and
after the procedure. Intra- and postoperative pain score in
candidate women had been evaluated during the office
microlaparoscopic procedure, in addition to the number of
candidates who needed extra analgesia. The women undergoing OMLOD showed a good intra- and postoperative
perception pain score. The number of those patients discharged within the first 2 h after office procedure was
significantly higher, without the need for postoperative analgesia with most patients. The LH/FSH ratio and mean
serum concentrations of LH, testosterone, and free androgen
index have decreased significantly after both OMLOD and
LOD within a postoperative year follow-up. The mean ovarian volume decreased significantly (P<0.05) within the year
after both OMLOD and LOD. There were no significant
differences in those results after both procedures. Intra- and
postoperative augmented local anesthesia allows outpatient
bilateral ovarian drilling by microlaparoscopy without general anesthesia. The relatively high pregnancy rate, the
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simplicity of the method, and the faster discharge time after
the operation offer a new modality option for patients with
PCOS, who are resistant to clomiphene citrate ovarian induction. Moreover, ovarian drilling could be performed
simultaneously during the routine diagnostic microlaparoscopy and integrated in the fertility work-up investigations
for those patients.
Keywords Endocrine effects . Office microlaparoscopic
ovarian drilling . Long-term follow-up . Polycystic ovary
syndrome . Polycystic ovaries

Background
Polycystic ovary syndrome (PCOS) is the most frequent
etiological cause of anovulation observed in approximately
75 % of infertile women with ovulation disorder. Patients
with PCOS have various clinical symptoms and laboratory
findings. PCOS presents mainly as a menstrual abnormality
and infertility associated with ovulation disorder. A variety
of surgical options for the treatment of PCOS have been
applied during laparoscopy procedure, such as condemned
laparoscopic ovarian wedge resection, electrocoagulation,
and laser surgery. Laparoscopic ovarian diathermy represents an effective treatment for clomiphene citrate (CC)resistant patients and possesses numerous advantages over
gonadotropin therapy, including no increased risk of ovarian
hyperstimulation or multiple pregnancy and a lower incidence of spontaneous abortion [1, 2].
Ovarian stimulation has been shown to increase the risk
of perinatal complications. Even in vitro fertilizationassisted reproductive techniques lead to a higher risk for
multiple pregnancies, prematurity, low and very low birth
weight, transfer to the neonatal intensive care unit, and
various neonatal morbidity parameters. Thus, it has been
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proposed that ovulation induction by laparoscopic ovarian
drilling (LOD) may improve the overall outcomes of pregnancies in PCOS patients. A comparison of pregnancy outcomes of women with PCOS, who had undergone LOD and
non-PCOS pregnancy controls, demonstrated a significantly
higher risk of hypertensive disorders and gestational diabetes mellitus for the PCOS group [3–7].
Laparoscopic ovarian drilling has been approved as the
gold standard second-line treatment for anovulatory infertility due to polycystic ovary syndrome after failure to respond
after course of clomiphene citrate. Not only does LOD
produce high ovulation and pregnancy rates, but it also
corrects the endocrine abnormalities associated with the
syndrome [4, 8]. With the development of new, smalldiameter laparoscopes that provide an optical view comparable to conventional instruments, microlaparoscopy can
now be used routinely for diagnostic laparoscopy [9, 10].
In association with pre- and postoperative local anesthesia
[9–12] and new protocols for conscious sedation [4], this
new approach can be used for outpatient operative microlaparoscopy without general anesthesia.
Recently, there is a great tendency to use finer laparoscopic instruments which are more suitable for office procedure under local anesthesia instead of the general
anesthesia (Fig. 1). Introduction of this new technology
has been limited with the narrow scope view of the finer
laparoscopic instruments. A newer highly advanced microendscope, using the new fiber optic technology, has solved
this great problem, offering a laparoscopic view nearly
similar to the traditional 10-mm telescope. This new
updated 2-mm telescope has been recently applied for many
gynecologic procedures, which were previously performed
using the older traditional telescope [9–14].
In this study, a controlled prospective randomized study
had been performed, recruiting 60 consenting PCOSdiagnosed patients, as a study group, to evaluate the following: (1) the feasibility of ovarian drilling during the proposed microlaparoscopy under augmented local anesthesia
in terms of intraoperative pain control and postoperative
analgesic requirements and (2) the efficacy of this technique
compared with the conventional laparoscopic approach in
another 60 PCOS-diagnosed patients as a control group, in
terms of operative and discharge times and subsequent
Fig. 1 Microlaparoscopic
instruments (a) and the setup
for the Office microlaparoscopy
under augmented local
anesthesia (b)
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ovulation rates and pregnancy rates (PRs) within a year
follow-up.

Materials and methods
Subjects
A total of 60 women with anovulatory infertility associated
with PCOS underwent office microlaparoscopic ovarian
drilling (OMLOD) under local anesthesia (using 2.2-mm
telescope and instruments) in a private specialized fertility
care center in Egypt, in addition to another 60 anovulatory
women with polycystic ovaries (PCO), who underwent the
conventional 10-mm laparoscopic ovarian drilling under
general anesthesia. All patients included provided the data
for our study. All the women had anovulatory infertility for
more than 1-year duration and had been unsuccessfully
treated with CC at up to 150 mg/day for 5 days in the early
follicular phase of the menstrual cycle prior to OMLOD or
LOD sessions.
PCOS diagnosis
The diagnosis of PCOS in both groups of women was based
on the Rotterdam criteria. (1) Evidence of hyperandrogenism, early follicular phase (defined as days 2–5 of the
menstrual cycle) serum LH/FSH ratio of >2, and/or raised
serum androgen concentrations (testosterone 2.5 nmol/l,
androstenedione 10 nmol/l, or free androgen index (FAI)
>4 (Rotterdam ESHRE/ASRM-sponsored PCOS Consensus
Workshop Group, Revised 2003). FAI was calculated using
the formula: testosterone 100/sex hormone-binding globulin. (2) Evidence of un- or hypo-ovulation or (3) ultrasonographic evidence of PCO: ovarian stromal hypertrophy and
multiple small (6–8 mm) follicles arranged in the periphery
[9–11].
OMLOD
The microlaparoscopic system consists of a light source, a
high speed pneumoperitoneum device, and a 1CCD video
camera. The diameter of the scope was a malleable fiber
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optic 2.2 mm, and the grasping forceps, scissors, needle
probes, biopsy forceps, and irrigator–aspirator were also
2.2 mm in diameter (all equipment made by Olympus,
Tokyo, Japan). The instruments could be used by specially
designed trocar (access needle; Ethicon, Cincinnati, OH,
USA), which is 12-cm long and 2.5 mm in diameter metal
sleeve that fits over the veress needle. Premedication, consisting of 0.5 mg of atropine sulfate and 1 mg/kg of midazolam, was given intramuscularly. Fentanyl (1 mg/kg)
followed by 1.5 mg/kg of ketamine was intravenously administered through a drip infusion line.
The patient was placed in a lithotomy position. An access
needle (Eticon, Tokyo, Japan) was inserted through a small
incision created in the subumbilical region using the closed
method, after been locally infiltrated with Xylocaine local
anesthesia. Pneumoperitoneum was induced with carbon
dioxide gas. Other access needles were then inserted into
both sides of the hypogastric region under microlaparoscopy. Four milliliters per port of 0.25 % bupivacaine were
locally injected at the trocar insertion sites in advance. All
the scopes and forceps used were from the microlaparoscopy set of 2.2 mm in outer diameter (Olympus, Tokyo,
Japan). The ovarian ligament was held with holding forceps
to fix it (Fig. 2).
Subsequently, the peritoneal cavity was inspected carefully, and a micrograsper was used to expose the fimbrial
end of the fallopian tube at the time of chromopertubation. Chromopertubation was performed by injecting
15 ml of methylene blue with 15 ml of 1 % mepivacaine
through the uterine manipulator tubing. The ovaries were
observed under the microlaparoscope. During microlaparoscopic procedure, the size of the ovary was measured
using Maryland forceps. When the forceps are extended,
the distance between the two arms is 1.4 cm, and this
distance was used to measure the length, width, and
depth of the ovary. A high frequency 2.2-m electrocautery probe was used for ovarian drilling. The number of
ovarian punctures differs according to the size and the
total surface area of the ovary. A number, which ranges
from 5–10 punctures, had been used for ovarian drilling.
The electrocautery probe is provided with a cool water
irrigation channel to rapidly cool the drilled ovary.
Fig. 2 a The microlaparoscopic
image of the pelvis before the
ovarian drilling procedure,
which is apparently similar to the
10-mm laparoscopic view, b the
microlaparoscopic ovarian drilling, c the microlaparoscopic
image after the microlaparoscopic ovarian drilling procedure
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At the end of the procedure, a 16-gauge, 36-cm needle
was inserted through an ancillary port, and 40 ml of 0.5 %
lidocaine was sprayed over the diaphragmatic vault. After
the removal of all trocars, the SC tissue of the insertion sites
was injected with 5 ml of bupivacaine. Pain control during
the procedure was scored on a scale of 1 to 4, indicating
excellent, good, sufficient, and poor pain control, respectively. Postoperative analgesics were given when requested
by the patient. The analgesics consisted of 100 mg of
Dicolfenac Sodium (IM) or 30 mg of ketorolac (IM). No
oral postoperative medications were administered, even after hospital discharge. Patients were discharged only when
completely free of discomfort.
LOD
Conventional laparoscopic ovarian drilling was performed
using a traditional 10-mm endoscope and under general
anesthesia. The operation was performed through three
ports: a 10-mm laparoscope was inserted through the primary subumbilical trocar, with two additional 5-mm trocars
in the lower abdomen. A grasping forceps was used for
manipulation of the ovary. The unipolar needle was introduced through the other secondary site of entry. Patients
underwent the same procedures as performed in the study
group, such as hysteroscopy and chromopertubation, except
that they received no local anesthesia. The operative time
and the number of patients discharged at 2 h were recorded.
Ultrasound scanning
Patients underwent transvaginal scanning prior to OMLOD
and LOD and after surgery. Two ultrasound machines of the
same model (Toshiba, model Sonolayer SSA-250A, with a
convex 6-MHz transvaginal ultrasound probe) have been
used in this center during the year follow-up period. Each
ovary was localized in relation to the iliac vessels and
scanned from inner to outer margins in longitudinal crosssections and from upper to lower ends in transverse crosssections. The characteristic ovarian polycystic ultrasound
image (increased in the ovarian stroma, the number of small
follicles of more than eight in number, and the characteristic
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pathognomonic arrangement of those small follicles—necklace shaped) is diagnosed before the procedure and followed
up postoperatively. The three diameters of the ovary were
measured (longitudinal, anteroposterior, and transverse).
The ovarian volume was calculated using the formula of a
prolate ellipsoid: 0.523 × length × width × thickness. The
mean volume of the right and left ovaries was calculated for
each subject.
Hormonal assays
Blood samples were taken from women in both groups early
in the follicular phase (defined as days 2–5 of the menstrual
cycle—basal hormonal levels) or at a random time in women with severe oligomenorrhoea or amenorrhoea. The samples were collected from the patients prior to both
procedures, and LH, FSH, LH/FSH ratio, testosterone,
androstendione, and free androgen index serum hormonal
levels are measured. Serum hormonal concentrations were
measured using well-established assays, which have been
validated in our laboratory at the Department of Clinical
Chemistry, in a fertility care center laboratory. Another
blood samples for hormonal assays had been taken during
the year follow-up after both laparoscopic procedures, to be
compared with the preoperative serum hormonal levels,
performed in the same lab.
Statistical analysis
For statistical analysis, the data were entered into the Statistical Package for Social Sciences for PC version 10.0.5.
Continuous data were compared by Mann–Whitney U and
Wilcoxon signed-ranks tests. Comparisons of categorical
data were carried out using contingency table analyses.
Hormonal values were compared with the postoperative
values in each group with a Student’s t test for paired data.
Ovulation, pregnancy, and miscarriage rates and the number
Table 1 The characteristics of
60 women with polycystic ovary
syndrome, who had office
microlaparoscopic ovarian drilling for anovulatory infertility
(the study group) and 60 anovulatory PCOS women who had
undergone conventional LOD
(the comparison group)

Characteristic

Age at follow-up (years)
Body mass index (kg/m2)
Duration of infertility (years)
Serum LH (TU/l)
Serum FSH (TU/l)
Serum LH/FSH ratio
Serum testosterone (nmol/l)
Serum androstenedione (TU/l)
Free androgen index
Ovarian volume (ml)

of patients (two) discharged, 2 h after surgery, were evaluated by the x. Significance was assumed if P<0.05.
Findings
A total of 60 PCOS-diagnosed patients were included in this
part of the study (OMLOD study group), in addition to
another PCOS 60 patients (LOD comparison group). The
demographic, clinical, and endocrinological characteristics
of both groups of subjects had been shown in Table 1. The
characteristics of the comparison subjects are also shown in
the same table.
The pain score recorded for the study group was as 2.86±
0.7 (Table 2). The operative time required for diagnostic
evaluation and ovarian drilling was not significantly different between the groups. The mean discharge time and the
need for additional analgesics were significantly lower in
the study group than in the control group (Table 2). The
proportion of patients discharged 2 h after surgery was
significantly higher in the study group (75.8 %) than that
in the comparison group (0 %) (Table 2). PRs within 1 year
of follow-up were slightly higher in the study group
(65.6 %) than that in the comparison group (60 %). The
ovulation rate was 86.2 % in the study group and 85.6 % in
the comparison group. The incidence of miscarriage was
almost similar in both groups.
Endocrine data were reported in Table 3. LH values
decreased significantly after surgery in both groups. Similarly, the serum levels showed a statistically significant
reduction after surgery in both groups. In contrast, FSH
levels did not change significantly after either OMLOD or
the conventional laparoscopy. No complications from local
anesthetics were observed during the study. The mean serum
concentration of androstenedione showed no significant
change shortly in both groups, but showed a significant
reduction later on. The percentage of women with FAI
showed a significant (P<0.01) decrease from 69 % prior

Cases group

Comparison group

Mean ± SD

Range

Mean ± SD

Range

33.3±4.4
26.7±4.9
3.1±2.1
14.4±7.5
5.4±1.5
2.7±1.2
2.6±1.3
9.8±4.0
8.6±8.2
11.0±3.7

21–45
19–4
1–12
1.8–49.0
1.2–10.4
0.4–5.7
0.8–6.1
1.7–27
1.0–36.9
4.3–20.0

32.2±4.9
29.9±7.9
1.8±1.8
13.0±6.2
5.0±1.6
2.6±1.4
3.2±1.2
11.0±3.9
11.3±7.3
11.5±5.2

20–44
18–45
1–10
4.9–31.0
2.6–10.0
0.8–7.3
0.8–6.6
2.5–19.0
3.6–28.0
5.8–19.5
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Table 2 Operative and reproductive data in patients treated by the
proposed microlaparoscopy under augmented local anesthesia (study
group, n060) and after conventional 10-mm laparoscopy under general
anesthesia (comparison group, n060)
Variable

Case group

Comparison group

Intraoperative pain score
Operative time (min)
Discharge time (h)
Number of patients discharged
2 h after surgery (%)

2.8±0.7
20.3±9.1
2.4±0.7

–
28.4±7.3
6.2±2.3

42 (71.8)

0

Number of patients who required
Additional analgesics (%)
18 (21.8)
Ovulation rate (%)
85.2
PR (%)
65.6
Miscarriage rate (%)
2.2

34 (53.3)
86.6
60.0
3.3

Discussion

to ovarian drilling to 41 % shortly after surgery in both
groups.
The proportion of women with ultrasound evidence of
polycystic ovaries (PCO), prior to treatment and postoperatively, is shown. The results showed that the proportion of
women with ultrasound evidence of PCO significantly (P<
0.01) decreased after ovarian drilling and remained low
during the 1-year follow-up periods in both groups, without
a significant difference after the two procedures. The mean
ovarian volume decreased significantly (P<0.05) after 1year follow-up after both LOD and OMLOD procedures.
The characteristic phenotypic picture for PCOS, including the androgenic type of obesity involving the suprapubic
and waist loss, hirsutism, and acne, had been compared
before and after both procedures. Those phenotypic pictures
had never shown significant changes after both procedures,
but with minimal improvement of both acne and the androgenic type of obesity. There was no increase in the hirsutism
score; moreover, the extra hair picture had shown a slight
improvement.
Other gynecologic problems had been diagnosed during
both procedures. Pelvic endometriosis was confirmed in 10
Table 3 Hormonal profile before and immediately after 1year follow-up of ovarian drilling in patients treated by
microlaparoscopy under augmented local anesthesia (study
group), compared to the results
after the conventional 10-mm
laparoscopic ovarian drilling
under general anesthesia

Hormone

LH (IU/l)
FSH (IU/l)
LH/FSH ratio
FAI (nmol/l)
T (nmol/l)
Androstendione (IU/l)
Ovarian volume (ml)

women with OMLOD and 12 during LOD; all had been
managed laparoscopically. Pelvic adhesions, affecting the
free mobility of both tubes and ovaries, had been managed
in seven women during OMLOD and in ten during LOD.
Abnormally situated ovaries with disturbed tubo-ovarian
relationship had been diagnosed in two cases during
OMLOD and in three women during LOD. All the gynecologic problems had been laparoscopically managed without
a difference between the two procedures. All those case with
other problems rather than anovulation (PCOS), who had
been diagnosed during both procedures, had been excluded
from the study.

The laparoscopic approach to PCOS has been described
extensively [1–14]. Local anesthesia has been used for many
gynecologic procedures and has been reported to reduce the
postoperative pain after day-surgery diagnostic laparoscopy.
Previous studies documented the implementation of microlaparoscopy without general anesthesia in terms of both
diagnostic efficacy [6] and pain control during and after
the procedure [10, 15–17]. The recent development of
small-diameter fiber optic microlaparoscopy allows an optical resolution comparable to that obtained with traditional
10-mm laparoscopes [18, 19]. In addition, improvements in
sedation and local anesthesia protocols [3, 4] may allow
microlaparoscopy to become a routine outpatient procedure.
The aim of the present study was to evaluate the feasibility
and efficacy of microlaparoscopic ovarian drilling under local
anesthesia and conscious sedation in terms of ovulation rates
and PRs after the procedure as compared with the traditional
10-mm laparoscopic approach under general anesthesia. This
technique represents a new option for gynecologists, which
allows a significant reduction of androgen levels comparable
to those observed after laparoscopic ovarian resection or laparoscopic electrocauterization, with the additional benefit of
being a less invasive technique that can be performed as an
outpatient procedure without the need for general anesthesia.

Study group

Comparison group

Before surgery

After surgery

Before surgery

After surgery

17.4±3.6
7.1±0.7
2.7±0.3
8.1±0.9
3.1±1.0
9.4±1.3
11.5±2.2

14.4±2.9
7.7±1.2
2.1±0.1
6.2±0.6
2.3±0.7
7.1±0.5
9.9±1.3

18.3±3.9
6.8±0.9
2.7±1.2
8.9±1.2
3.3±0.8
9.8±1.9
11.7±1.7

14.7±3.1
7.2±1.1
2.2±0.3
6.9±1.2
2.3±1.0
7.6±2.3
10. 1±0.5
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Moreover, the high PRs and ovulation rates in the followup period should encourage this approach especially in
patients with PCOS, who require a diagnostic evaluation
for tubal patency. The low degree of invasiveness and the
modified conscious–sedation protocol of this new approach,
with the use of increasing but low doses of midazolam,
allow an outpatient procedure with a quick patient discharge
[3, 4]. This simple procedure appears to be particularly
useful for outpatient microlaparoscopies, in which the average discharge time is 2 to 3 h after the operation. The effect
of local anesthesia is temporary; however, this approach
allows the possibility of a quicker discharge at 2 h after
surgery [19–24].
The good intraoperative pain control reported in this
study demonstrates the feasibility of operative microlaparoscopy. Even though only a small volume of CO2 is needed
during the technique, the surgeon performs maneuvers to
remove air from the abdomen at the end of the procedure
because residual gas can accumulate under the diaphragm
and cause peritoneal irritation, especially when an upright
position is maintained at the time of hospital discharge. For
this reason, it is useful to spray lidocaine at the end of the
procedure. Moreover, reduced exposure to CO during 2-mm
microlaparoscopy may decrease the rate of adhesion formation as compared with conventional 10-mm laparoscopy.
It had been also showed that serum testosterone concentrations decreased after both LOD and OMLOD. The proportion of women with high LH concentrations (>10 IU/l)
decreased significantly from 70 to 33 % shortly after
OMLOD and LOD as well. There was a trend toward a
decrease of serum androgen levels with the increasing postoperative duration after both OMLOD and LOD, possibly
due to the effect of advancing age or due to increased loss of
the cauterized ovarian stroma, the main source of the ovarian androgens. A similar trend toward a decrease of androgen levels was also observed in the comparison group, in
particular, the significant reduction of serum androstenedione concentrations.
Felemban et al. [10] reported that LOD reduced both
blood LH and androgens, and that, among androgens, dehydroepiandrosterone sulfate (DHEA-S) derived from the adrenal gland was significantly reduced. In this passed study,
testosterone and androstenedione, probably derived from the
ovary, were significantly reduced, but DHEA-S was not.
Considering the fact that either OMLOD or LOD is a local
procedure targeting the ovary, LOD or OMLOD is unlikely
to reduce DHEA-S derived from the adrenal gland. LOD
may exert their effect through a reduction of ovary-derived
androgens. Amar et al. and Rossmanith et al. Also reported
similar results, regarding the post drilling effects on serum
androgens [24, 25].
The current work had shown nearly similar results to a
previous research work performed in 2000, where
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minilaparoscope of 3.5-mm rigid lens system telescope
and instruments, in contrast to the fiber optic malleable 2mm telescope and instruments. The limited narrow telescope view was one of the problems which faced of the
minilaparoscope work [26]. The fiberoptic 2-mm telescope
used in the current work offers a relatively similar image to
the 10-mm telescope. Moreover, the malleable 2-mm soft
telescope and instruments have never shown any complications, with a remote possibility to injure any abdominal
viscera, as they are like needle punctures, without the need
for an extra repair of those needle punctures. The finer
telescopic and other laparoscopic instruments had gone
smoothly within the abdominal wall with the least discomfort and almost without augmented sedation, but only with
local anesthetic filtration of those microlaparoscopic entries.
Ovarian drilling resulted in a significant reduction in the
ovarian volume after 1-year follow-up. In one study, it had
been reported on the short-term effect of ovarian drilling on
the ovarian volume as measured by three-dimensional (3D)
ultrasound [1–14]. They found that ovarian drilling resulted
in a transient increase followed by a significant reduction in
ovarian volume from a preoperative mean value of 12.2 to
6.9 ml 3 weeks after surgery. The mechanism of this reduction of the ovarian volume by ovarian drilling is not clear. In
a previous study, the volume of ovarian tissue destroyed by
the needle electrode in an excised ovary using a 3D projection of colored serial microscopic images [25–28]. They
found that a single drilling would destroy an average of
0.4 ml of stromal tissue. They concluded that 10–15 drillings in an ovary would result in a total tissue destruction of
4–6 ml. This could account for the observed reduction of the
ovarian volume.

Conclusion
In conclusion, laparoscopic ovarian drilling has been approved after extensive and prolonged research works to be
the gold standard treatment tool for clomiphene citrateresistant PCOS infertile women. Technical improvements,
such as smaller optical fiberoptic systems, ancillary instruments, and improved anesthetic procedures, allow these
drilling procedures to be performed using microlaparoscopy
under local anesthesia. OMLOD normalizes ovarian function and morphology in women with PCOS, efficiently as
after conventional LOD. The question is the long-term outcome and prognosis of OMLOD, compared with those after
LOD. Another question is that the patients’ compliance to
face the office microlaparoscopic procedure for different
gynecologic and obstetric indications. The answers for those
questions would appear after follow-up of the long-term
outcome after OMLOD; another ongoing study and the
forthcoming results might appear sooner.
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