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Context: In order to restore ovulation, puncturing ovaries with a needle powered by electricity, under laparoscopic observation, 
in women with anovulatory infertility with polycystic ovarian syndrome is called laparoscopic ovarian drilling (LOD). Although 
peri-adnexial adhesion after the surgery is inevitable, there is lack of evidence regarding the clinical significance. The objective of 
the present study is to review the available literature in order to determine the rate of periadnexial adhesions following LOD, and 
to assess the effect of these adhesions on pregnancy rates.
Evidence Acquisition: Electronic search of MEDLINE and EMBASE for English-language and non-English-language articles from 
1984 to 2012 and manual search of bibliographies from identified articles were evaluated. Sixteen articles were found to be eligible 
to obtain main outcome measures. Post-operative adhesion rates were reported to be 0-100% (mean 35.5%, 95%CI: 30.8-40.4) while 
pregnancy rates after the procedure in these articles were 35-87% (mean 64.3% 95%CI: 58.2-70.7) of the cases.
Results: There were no correlation between the adhesion rates and pregnancy rates (Spearman's rho=0.055, P=0.858). None of the 
preventive measures during or after the procedure were found to be effective in reducing the rate of post-operative adhesions, 
thereby increasing the pregnancy rates. The incidence of peri-adnexial adhesions after LOD might not be associated with adverse 
reproductive outcomes.
Conclusions: Until more effective, safer and non-invasive treatments become available, LOD is a relatively safe and effective 
second-line procedure in anovulatory infertile women with PCOS resistant to clomiphene citrate.
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Implication for health policy/practice/research/medical education:
The objective of the present study is to review the available literature to determine the rate of periadnexial adhesions following LOD, and to assess the 
effect of these adhesions on pregnancy rates. In this study, the incidence of peri-adnexial adhesions after LOD was found to be not associated with adverse 
reproductive outcome.
Copyright © 2014, Minimally Invasive Surgery Research Center and Mediterranean & Middle Eastern Endoscopic Surgery Association. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

1. Context

Polycystic ovary syndrome (PCOS) is one of the most 
common endocrinopathies, affecting 5% to 10% of the 
women in their reproductive ages. The first invasive ap-
proach to treat PCOS was performed by ovarian wedge re-
section described by Stein and Leventhal in the early 1935 
(1). Until medical treatment became available, surgical 
therapy was commenced successfully (2). However, the 
procedure was often associated with the development 
of peri-adnexal adhesions; negating the beneficial effects 
of surgery (3, 4). Advances in laparoscopic techniques 
have resulted in a resurgence of interest in surgical in-
duction of ovulation. In 1984, Gjonnaess created 8 to 15 
craters by using a unipolar electrode, 2 to 4 mm deep 
in the capsule of each ovary. Ovulation was restored in 
92% of the patients with a pregnancy rate of 80% (5). The 
laparoscopic procedure is a less invasive modification of 
ovarian wedge resection, and is known as laparoscopic 
ovarian drilling (LOD). In the consensus meeting of the 
Thessaloniki ESHRE/ASRM-Sponsored PCOS Workshop 

Group, laparoscopic ovarian surgery is reported to be an 
alternative to gonadotrophin therapy for CC-resistant 
anovulatory women with PCOS (Consensus Workshop 
Group 2008). Therefore, surgery can still be a reasonable 
option for women with PCOS who fail to conceive after 
losing weight and trying the first-line fertility medicines. 
Nevertheless, several drawbacks prevent LOD from being 
considered as a secondary approach to the treatment 
of clomiphene citrate (CC) resistant women with PCOS. 
Those concerns are the risk inherent to any laparoscopic 
surgical procedure or the LOD related complications such 
as theoretical risk of premature ovarian failure or the 
risk of adhesion formation potentially interfering with 
fertility. Although the available data in the literature is 
limited, there was no concrete evidence of a diminished 
ovarian reserve or premature ovarian failure due to LOD 
in women with PCOS. Most of the changes in the ovarian 
reserve markers observed after LOD could be interpreted 
as normalization of ovarian function rather than a reduc-
tion of ovarian reserve (6). Adhesion formation related to 
pregnancy outcome is an important aspect of LOD. In the 
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current practice, it is taken for granted that LOD causes 
abdomino-pelvic adhesions which results in further im-
pairment in the reproductive performance of women 
with PCOS. This is based on a reportedly different amount 
and severity of adhesions seen in second look laparos-
copy and leads to the obvious conclusion that surgery 
is not the choice which exposes women potentially to 
severe morbidity. This clinical approach should be chal-
lenged as, in these patients; good pregnancy outcomes 
are obtainable with safe, effective and inexpensive surgi-
cal technique that can last for prolonged period of time 
(7, 8). If further studies confirm the efficacy and safety 
of LOD in women with CC resistant PCOS, patients, who 
consent to gonadotrophins should no longer be sought 
based solely on the purported morbidity of surgical al-
ternative. An increased risk for adhesion after LOD is well 
established, but excess morbidity related to the LOD on 
fertility is unclear. This review concentrates on the rate of 
postsurgical adhesions after LOD by searching available 
data, and its impact on reproductive outcome.

2. Evidence Acquisition
An electronic search of MEDLINE and EMBASE for Eng-

lish-language and non-English-language articles from 

the date of the first LOD report which was published in 
the literature; 1984 to 2012 and a manual search of bibli-
ographies from identified articles, were allowed to select 
all available studies (5, 9-22). Neither abstracts published 
in congress proceedings and scientific journals were 
included, nor animal studies were accepted. Sixteen hu-
man studies directly or indirectly addressed the issue of 
adhesion formation after LOD in women with PCOS were 
identified and included in this review. Since the “1991 Gur-
gan et al.” study (9) which used different energy modality 
in independent groups of subjects, and revealed the post-
operative adhesion and pregnancy rates separately; the 
summary of the results are given separately in the Table 
1 and, Figures 1 and 2. Adhesion rates were calculated by 
using the numerator figure; revealed as any adhesion ob-
served during the second look operation divided by de-
nominator figure; number of bilateral or unilateral LOD 
applied subjects undergone second look operation. The 
95% confidence interval of the adhesion rates and total 
adhesion rate was calculated by MedCalc software (Med-
Calc Turkey, Version 11.1). The correlation between adhe-
sion rates and pregnancy rates was assessed by using the 
correlation coefficient of Spearman’s Rho by using SPSS 
(Statistical Package for Social Sciences, version 13, Chica-
go, IL). 

Table 1. The summary of studies demonstrating the postoperative adhesion and pregnancy rates after laparoscopic ovarian drilling 
for ovulation induction in anovulatory women with clomiphene resistant polycystic ovarian syndrome

Author(s) and Journal name Publica-
tion year

Total, 
No.

Second 
look, No.

Adhesion, 
No.

Adhesion 
rate, %

Pregnancy 
rate, %

Gjonnaess. Fertility Sterility(5) 1984 62 6 1 16.6 80

Gurgan et al. Fertility Sterility (9) (electrocau-
tery)

1991 10 10 8 80 57

Gurgan et al. Fertility Sterility(9)(laser) 1991 7 7 6 85 40

Dabirashrafi et al. Fertility Sterility (10) 1991 38 22 2 18 NRa

Gurgan et al. Obstet Gynecol (9) 1992 19 19 13 68 47

Naether and Fisher. Fertility Sterility (12) 1993 199 62 12 19.3 NR

Naether et al. Fertility Sterility (11) 1993 133 26 7 26.9 70

Greenblatt and Casper Fertility Sterility (14) 1993 8 8 8 100 87.5

Liguori et al. Gynecol Endocrinol (15) 1996 97 30 7 23.3 81.1

Saravelos and Li. Hum Reprod (16) 1996 21 21 12 57 50

Merchant. J Am Assoc Gynecol Laparosc (17) 1996 74 20 2 10 84

Taskin et al. J Am Assoc Gynecol Laparosc (18) 1999 18 9 4 48 NR

Felemban et al. Fertility Sterility (39) 2000 112 15 4 26.6 72

Kaya et al. J Minimally Invasive Gynecology (19) 2005 17 8 0 0 35.3

Takahashi et al. Obstet and Gynecol Survey (20) 2007 39 39 3 7.7 87.2

Mercorio et al. Fertility Sterility (21) 2008 96 90 54 60 NR

Roy et al. Arch Gynecol Obstet (22) 2009 44 16 0 0 45.4

Total numbers and avarage rates 994 408 145 38b 64.3
a NR, not reported
b Weighted postoperative adhesion rate is 35.5% (145/408)
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Figure 1. Adhesion and Pregnancy Rates (%) After LOD in Patients with CC 
Resistant PCOS. Studies (Both Pregnancy and Adhesion Rates Available In-
cluded) Were Ordered According to the Adhesion Rates From 0% (Kaya et 
al.(19)  and Roy et al. (22)) to 100% (Greenblatt and Casper (14)). Only First 
Author’s Names and Publication Years Were Showed.
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Figure 2. Adhesion Rates After LOD in Patients With PCOS Resistant To CC 
Were Demonstrated

3. Results
The rate of postoperative adhesions has been reported 

to be between 0-100% and the reported rate of pregnan-
cy after LOD was 35-87%. However, there is a lack of cor-
relation between the adhesion rate and pregnancy rate 
among the studies, for example. where 100% adhesion 
rate was reported the pregnancy rate was 87.2% in the 
study published by Greenblatt and Casper (14). On the 
contrary, Kaya et al. reported a 35.3% pregnancy rate in 
their study without any postoperative adhesions (19). The 
average adhesion rate calculated from a total of 16 stud-
ies was 35.5% (95%CI: 30.8-40.4) with a mean pregnancy 
rate of 64.3% (95%CI: 58.2-70.7) (Table 1). 

 Figure 1 shows the rate of adhesion in comparison to 

the rate of pregnancy in 13 studies where both figures 
were available. There was no correlation between adhe-
sion rates and pregnancy rates in either direction (Spear-
man’s rho = 0.055, P = 0.858). The rate of adhesions and 
95% confidence interval of those are shown in Figure 2. 
Since the sample size is too small for each study, the cor-
responding confidence intervals are wide and the rate of 
adhesion among the studies was distributed heteroge-
neously. The overall adhesion rate after LOD was calcu-
lated to be 35.5% (95%CI: 30.8-40.4). 

The revealed studies sequenced in chronological order 
from up to down in the y axis. Horizontal lines represent 
the mean adhesion percentage (round dots and beside 
figures) and 95% Confidence interval for each study. (in 
1991 Gurgan et al. study (9), electrocautery (electr) or la-
ser were used as the energy modality in separate groups).

4. Conclusions
Risk and benefit of any infertility treatment must be bal-

anced accordingly. In CC resistant anovulatory women 
with PCOS, treatment of infertility is carried out through 
either surgical or medical induction of ovulation. Opera-
tional alternative is currently being applied through lap-
aroscopic approach. Despite being minimally invasive, 
LOD results in postoperative adhesions; although at a 
lower rate when compared to ovarian wedge resection by 
laparotomy. Compo reviewed the literature, from 1969 to 
1996, concerning adhesion formation as a complication 
of surgical treatment of PCOS. After ovarian wedge resec-
tion by laparotomy, the mean incidence of adhesions was 
90% (range: 42-100%) (23). Incidence of adherence forma-
tion strongly depends on the diagnostic efforts and the 
scoring system applied. In the present review, adhesion 
rates after LOD were found to be varying from 0-100% in 
the published studies, being 35.5% on the average. These 
studies reported a mean pregnancy rate of 64.3%. There 
was no correlation between postoperative adhesion rates 
and pregnancy rates. The documented adhesions were 
not uniformly distributed and their severity was waver-
ing among the studies. Although the postoperative adhe-
sions are inevitable after LOD, pregnancy rates are still 
acceptable. Nevertheless, only a few women who were 
initially treated with ovarian drilling eventually had a 
second-look laparoscopy or laparotomy in the published 
articles. LOD is a relatively safe surgical procedure with 
rare immediate complication rates. Out of 778 cases of 
LOD, two cases with hemorrhage requiring laparotomy 
and one case with bowel perforation have been reported 
(24). Premature ovarian failure is another concern with 
LOD, especially when a large number of punctures are 
used (6). However, long-term follow-up of women with 
PCOS treated with LOD has been reassuring. In this re-
spect (7, 25) Kaaijk et al. (26) reported retrospectively on 
the clinical outcome of unilateral oophorectomy in 14 
women with PCOS. Unilateral oophorectomy restored 
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regular menstrual cycles in 12 of the 14 patients. Thirteen 
years later, nine out of 12 patients still had regular men-
strual cycles. Ten patients wished to become pregnant 
and seven of them conceived spontaneously. None of 
the women entered menopause within 14-18 years after 
surgery. They concluded that even unilateral oophorec-
tomy restores ovulatory function for many years in the 
majority of patients and does not result in premature 
ovarian failure (26). The long-term follow-up study by 
Dahlgren et al. showed that menopause occurred later 
in PCOS women who underwent ovarian wedge resec-
tion compared with non-PCOS women (27). According to 
my previous report, there seems to be a higher ovarian 
reserve in the PCOS patients when compared with that 
in the normal ovulatory controls. This higher ovarian 
reserve might be the patho-physiological explanation 
of the high ovarian activity and leading to anovulation 
phenomenon and other endocrinological disturbances 
in PCOS. This proposed mechanism of exaggerated ovar-
ian activity (at supra-physiologic state) can be reduced 
to the physiological level by destruction or removal of 
some part of the ovary by means of surgical procedure, 
namely LOD, but sometimes the reduction created by 
LOD remains insufficient; therefore, the ovarian hyper-
function still stays at supra-physiologic state (6). Patients 
with polycystic ovarian syndrome, who were resistant 
to ovulation induction with clomiphene, showed no dif-
ference in live birth and miscarriage rates compared to 
gonadotrophin therapy when treated with LOD using 
diathermy or laser (Workshop Group Consensus 2008). 
LOD had also advantages, for instance significantly lower 
multiple pregnancy rates without the risk of OHSS (28). In 
addition, LOD may be useful in anovulatory women with 
PCOS who need laparoscopic assessment of their pelvis. 
Laparoscopy remains the gold standard for the diagnosis 
of endometriosis (RCOG 2000). Laparoscopic treatment 
is effective for pain relief in minimal to moderate endo-
metriosis (29) and for minimal and mild endometriosis 
to improve fertility (30, 31). However, laparoscopy itself 
is also an invasive procedure. Though laparoscopic sur-
gery has established its firm foothold in current surgical 
practice, it is not without risks. A multi-center study from 
France analyzing the data of 29,966 procedures, reported 
an overall complication rate of 4.64/1,000 and a risk of 
mortality of 3.3/100,000 in laparoscopic procedures (32). 
Laparoscopy is categorized as a major procedure and, ar-
guably, these values are not high, as all major procedures 
carry a 1/4,000 risk of death (RCOG 2004). Major compli-
cation rates following laparoscopy appear to be low (33). 
Studies from Holland (34) and Finland (35) show that ma-
jor complication rates following diagnostic procedures 
were much lower (0.6/1,000 and 2.7/1,000) than after ad-
vanced laparoscopic surgery (10.5/1,000 and 17.9/1,000). 
These studies show that laparoscopic surgery is generally 
safe and that the higher incidence of complications with 

advanced procedures conforms to the principle that the 
risks of surgery are proportional to its extent and com-
plexity. For the patients who prefer a verbal description 
of risk, it has been proposed that a common vocabulary 
as follows (36):

Negligible: A probability of below 1 in a million Mini-
mal:

Less than 1 in 100,000
Very low: Less han 1 in 10,000
Low: Less than 1 in 1,000
Moderate: Less than 1 in 100
High: A probability of greater than 1 in 100
Using this terminology, the serious risks associated 

with laparoscopy can be described as “low” and the risk 
of death as “very low.” Therefore, the risk of postoperative 
adhesion and the theoretical risk of premature ovarian 
failure should be balanced by the achieved pregnancy 
rates. Limitations of this review consisted possible pub-
lication bias, as well as variation among cohort studies 
in sample size, duration of observation, selection of con-
trol groups, ascertainment of pregnancy after LOD, and 
adjustments for co-morbid conditions. The indication 
for second look laparoscopy in the different studies is 
unknown. The patients might represent cases that failed 
to get pregnant, and this would seriously impair the 
conclusion drawn. Studies with widely different num-
bers of patients are relatively given the same weight in 
the statistical analysis. For instance, an adhesion rate of 
100% and a pregnancy rate of 88.5% that was reported by 
Greenblatt and Casper (14) were based on only 8 patients. 
Most of the studies in this review were not specifically 
designed to evaluate the postsurgical adhesion rates. 
The different amount of adhesion rates among the stud-
ies might be due to the heterogeneous nature of the tri-
als. Even the definition of PCOS was changed by the time 
when reviewed articles were being published, such as 
1990 NIH criteria, 2003 Rotterdam criteria (37, 38) were 
reported during this time period. Consequently, studies 
are so diverged in terms of studied population’s diag-
nostic criteria, purpose of the studies, instrumentation 
used, amount of energy and modality applied during 
the procedure, co-interventions to prevent adhesions, 
methods of second look, and time gap between the first 
operations and second look operation. Not all the pa-
tients in the included studies had been reevaluated by 
a second look operation. Therefore unavoidable selec-
tion bias could have occurred. Furthermore, in some 
studies the adhesion formation after LOD was assessed 
by second look laparoscopy but in others the assessment 
was performed during the cesarean section. In patients 
where the adhesion formation was assessed during the 
cesarean section as the second look procedure, the adhe-
sion rate could have been underestimated, conversely, 
when it is evaluated only in women who have not been 
conceived in the follow-up period, the adhesion rate 
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could have been overestimated. Most of the peri-adnexal 
adhesions after LOD were filmy, minimal, and found on 
the ovarian surface. Several adhesion preventive mea-
sures were described. Merchant has reported the efficacy 
of laparoscopic low-watt bipolar electrocoagulation of 
the ovaries in women with PCOS. At second-look laparos-
copy or cesarean section in 20 women, fine string-like 
adhesions on the ovaries were found in two (10%) women 
(17). Thus, it is hypothesized that bipolar energy is safer 
than unipolar (monopolar) energy in terms of the risk of 
postoperative adhesions and the risk of overtreatment 
that can lead to ovarian failure. Restriction in the num-
ber of punctures (20), use of an insulated needle (39), 
activation the coagulating current only after the needle 
is inside the ovarian stroma (20), irrigation of the peri-
toneal cavity at the end of the procedure (12, 20-22), ad-
hesion barriers like interceed (Gynecare Interceed®) (14, 
16), adhesiolysis at the second look operation (30), using 
different energy modality (9) and bilateral or unilateral 
application of the procedure (10, 22) were recommend-
ed without robust and convincing evidence. Although 
some adhesion preventive measures like microlaparos-
copy and decreased CO2 exposure on peritoneal micro-
circulation (18) or laparoscopic ovarian multi-needle 
intervention (19) were found to be effective, the number 
of subjects in each study is not enough for recommen-
dation. Randomized controlled trials on each preven-
tive measure with appropriate sample size are manda-
tory. On the other hand, medical treatment of infertile 
women with PCOS resistant to CC is not as innocent as 
is thought. Although, gonadotrophins bear no surgical 
risk, the probability of the risk of multiple pregnancy 
and OHSS still exist (23). Compliance of ovulation induc-
tion for women with PCOS is also arguable. The lack of 
randomized studies on this subject is not surprising. 
Indeed, based on the cost of treatment and injections 
being the only application route of therapy, gonadotro-
phins are expected to be used in a limited period of time. 
Chronic low dose protocol is the recommended way of 
application. Since the CC resistant women with PCOS 
are categorized in hyper-responder group, even modi-
fied gonadotrophin therapy could not completely solve 
the hyperresponse problem. Further understanding the 
pathophysiologic mechanism of anovulatory infertility 
in PCOS, may yield new medical treatment alternatives 
or different modifications in the application of current 
remedies. Finally, LOD was shown to be effective but safe-
ty of the procedure has not been thoroughly investigat-
ed. Although, this technique has some limitations, such 
as peri-adnexial adhesions and the risk of overtreatment 
related ovarian failure or atrophy, available data does 
not support those concerns requiring drawbacks.
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