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Ovarian drilling in polycystic ovary syndrome:
Long term pregnancy rate
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A B S T R A C T

Objective: To report long term pregnancy rate in polycystic ovary syndrome (PCOS) treated by ovarian
drilling. To evaluate predictive factors of pregnancy and possibility of a second drilling.
Design: Retrospective, observational, multicenter study.
Setting: Gynecologic departments of two teaching’s hospitals.
Patients: All infertile women with PCOS who were treated by ovarian drilling from 2004 to 2013. The
Rotterdam criteria were applied to define PCOS.
Intervention(s): Surgical ovarian drilling by laparoscopy and trans vaginal hydro laparoscopy.
Main Outcome Measure(s): The primary endpoint was pregnancy rate after ovarian drilling. The secondary
endpoints were the predictive factors of pregnancy and the possibility of a second ovarian drilling.
Results: 289 women were included in the study. The mean follow-up period was 28.4 months (25.3–31.5).
A pregnancy was obtained in at least 137 (47.4%) women after a drilling, and 71 (51.8%) of these
pregnancies were spontaneous, 48 (16.6%) women achieved at least two pregnancies after drilling, and 27
(56.3%) of these were spontaneous. The predictive factors for effectiveness were a normal body mass
index (BMI), an infertility period of less than three years, an AFC of less than 50, and an age of less than 35.
Second drillings were performed on 33 women. Among them, 19 (57.6%) achieved at least one pregnancy,
and 10 (52.6%) of these were spontaneous. It appeared that a second drilling was effective either when
the first drilling had been successful (pregnancy achieved after drilling) or when it had failed in cases of
high AFC (greater than 55).
Conclusion: Ovarian drilling permitted to obtain spontaneous pregnancy for women with PCOS. This
surgery could have durably effect permitted to obtain more than one pregnancy.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

In 1935, Stein and Leventhal [1] described an association among
polycystic ovaries, oligo-anovulation, and hirsutism, which was
called polycystic ovary syndrome (PCOS). PCOS is defined using the
Rotterdam criteria [2,3]. PCOS affects 5%–15% of women of
reproductive age and is the first cause of infertility due to
anovulation [4–6].

The first-line treatment for PCOS-related infertility is medical,
using clomiphene citrate (CC) [7–9]. CC induces ovulation in
75%–80% of women [10]. Hyperandrogenism, obesity, high ovarian
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volume, and anovulation are predictive factors for the failure of CC
[11]. In CC-resistant infertility, there is no gold standard for
management. Aromatase inhibitor has been shown to be effective
in restoring ovulation and pregnancy instead of the CC [12,13].
Nerveless it has not proved its efficiency for CC-resistant infertility
compared with placebo (OR 3.17, 95% CI 0.12–83.17) or with ovarian
drilling (OR 1.19, 95% CI 0.76–1.86) [14]. The two principal options
available are a medical treatment by gonadotropin or a surgical
management by ovarian drilling [7–9]. There is no significant
difference in birth rate between these two options [15]. Ovarian
drilling leads to a lower risk of multiple pregnancies (OR 0.21, CI
95% 0.08–0.58) [15] and avoids hyperstimulation syndrome [7].
Medical treatment requires biological and ultrasound follow-ups,
which can be extended over a long period due to the low-dose
protocol used. A laparoscopic or transvaginal hydrolaparoscopic
drilling involves surgery and anesthesia. The duration during
which the ovarian drilling allows to restore an ovulation and thus
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Population, infertility characteristics and drilling procedure.

Population characteristics (number) Mean [CI 95%] or number (%)

Age (year) (289) 30.8 [30.3-31.3]
BMI (kg/m2) (280) 25.6 [24.9-26.3]
Tabaco use (283) 44 (15.2)
Diabetic (279) 7 (2.4)
Hypercholesterolemia (279) 6 (2.1)
Hypertriglyceridemia (279) 4 (1.4)
Prior surgery (280) 118 (40.8)
Nulligravid (282) 164 (56.7)
Nulliparous (282) 241 (83.4)
Spontaneous pregnancy (282) 50 (17.3)
Prior miscarriage (282) 79 (27.3)
Repeated miscarriage (�3) (282) 12 (4.2)
Infertility characteristics and treatment before drilling (number)
AMH (ng/ml) (220) 13.3 [12.2-14.4]
Testosterone (ng/ml) (125) 0.79 [0.66-0.92]
Delta 4 andrestenedione (ng/ml) (108) 2.73 [2.37-3.08]
LH (UI/l) (234) 8.73 [8.07-9.41]
FSH (UI/l) (233) 6.06 [5.33-6.79]
LH/FSH (227) 1.58 [1.46-1.71]
17 OH progesterone (ng/ml) (84) 1.39 [0.43-2.35]
Prolactin (ng/ml) (177) 11.9 [10.8-13]
Estradiol (pg/ml) (213) 47.2[43.2-51.1]
Primary infertility (282) 164 (56.7)
Duration of infertility (years) (233) 3.4 [3.1-3.3]
Normal spermogram (240) 178 (61.6)
Medical infertility treatment (278) 223 (77.2)
infertility treatment with CC (272) 162 (56.1)
infertility treatment with IVF (289) 80 (27.7)
Drilling surgery (number)
Laparoscopy (282) 80 (28.4)
Hydro-laparoscopy trans-vaginal (282) 202 (71.6)
Number of right perforations (252) 7.7 [7.4-8]
Number of left perforations (249) 7.6 [7.3-7.9]
Tubal perviousness test (282) 110 (38)
Per-operative complication (289) 15 (5.2)
Post-operative complication (281) 8 (2.8)
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to obtain a spontaneous pregnancy in case of isolated PCOS is
unknown. Published data on the efficacy of recurrent ovarian
drillings are scarce [16,17]. Long-term efficacy, allowing more than
one pregnancy through the recovery of spontaneous ovulation,
may be a significant advantage over the medical treatment. The
possibility of repeating this surgery after a couple of months or
years should also be assessed.

The aim of this study was to evaluate, in a cohort of infertile
women with PCOS who were treated by ovarian drilling, the long-
term rate of pregnancy after this surgery. We also evaluated the
predictive factors of pregnancy and the possibility of a second
drilling.

Materials and methods

This was a retrospective, observational, multicenter study that
took place in gynecology and obstetrics departments of two
teaching hospitals.

The Rotterdam criteria [2] were applied to define PCOS. The
study included all infertile women with PCOS who were treated by
ovarian drilling in the participating departments between
September 2004 and December 2013. There was no criterion of
exclusion. Data were collected based on numeric and medical files.
All medical and informatic files of the patients who had received
drilling at these periods were consulted until April 2016. Loss to
follow up was defined as no consultation after drilling. The patients
having benefited from a first drilling carried out previously in
another hospital, the drilling carried out in our hospital was
considered as a second drilling.

The choice of treatment involved each couple and was made
based on infertility assessments. In cases of surgery, the woman
underwent an examination with the surgeon, surgery, and a
postoperative examination at three months after surgery, during
which anti-müllerian hormone (AMH) and antral follicular count
(AFC) values were compared.

The surgeon chose between the laparoscopic and transvaginal
hydrolaparoscopic surgical approaches. Transvaginal hydrolaparo-
scopy was preferred in these centers, which developed this
technique [18]. The women were placed in the lithotomy position.
Using a Veress needle, 300 ml of saline solution were instilled into
the peritoneal cavity through the posterior vaginal fornix. A 4 mm
introducer was inserted into the pouch of Douglas to allow
exploration using a 2.9mm-diameter scope with a 30� lens. The
ovaries were recognized via the adnexal pedicle. A bilateral ovarian
drilling was performed, with about 10 perforations in each ovary
and a depth of insertion of 10 mm. In laparoscopy, the ovarian
drilling was performed using a monopolar hook or a bipolar probe.
In transvaginal hydrolaparoscopy, the drilling was performed using
a bipolar probe (5 fr probe type spring, Versapoint Ethicon SAS, 1
Rue Camille Desmoulins, 92,130 Issy-les-Moulineaux, France).
Laparoscopy was proposed in cases of associated pathology
requiring surgery or an inaccessible pouch of Douglas.

The ovarian drilling was performed under general anesthesia
for laparoscopy and under general anesthesia, usually without
curare, or spinal anesthesia for transvaginal hydrolaparoscopy. The
surgery was performed during a short hospitalization (for
outpatient or one-night surgery).

Infertility after drilling was characterized with no pregnancy
after 6 months or more after drilling in case of isolated PCOS. A
second drilling was sometimes performed in our hospital: in case
of successful first drilling with secondary infertility or in case of
failure of a first drilling with infertility despite an assistant
reproductive therapy. Some patients had drilling surgery in
another hospital before having a drilling in our hospital.

The primary objective was the rate of pregnancy; we check in
the medical files the occurrence of a pregnancy for the patient until
April 2016 in the two hospitals. The rate of pregnancy was
calculating for all patients independently of the first or second
drilling.

One of the secondary objectives was the predictive factor of
success of drilling defined with a pregnancy or a spontaneous
pregnancy. We have tested the following pre-operative predictive
factors: BMI � 25 kg/m2, infertility > 3 years, age � 35 years and
the following post-operative predictive factors: decrease
AMH � 30%, decrease AFC � 30%, restauration of ovulation.

In order to limit the selection bias, we look for the women who
had a drilling with several cross-software (procedure coding
software, operative programming software) with several key word
(drilling, fertiloscopy, infertility). To avoid bias of lost to follow-up,
all files were systematically consulted until April 2016.

The statistical analyses were performed with STATA/SE (version
14.0, Stata Press, College Station, TX, US). A p value of <0.05 was
considered statistically significant. Means and odds ratios (OR)
were described with a confidence interval (CI) of 95%. The study
was approved by a gynecology ethics committee (CEROG) (IRB
2016-GYN-1006).

Results

Characteristics of women and surgery

This study included 289 women with PCOS. The population
characteristics, infertility characteristics, treatments before dril-
ling and ovarian drilling process are described in Table 1.
Concerning body mass index (BMI), 22.9% of the participants
were overweight (BMI � 25 kg/m2), and 22.1% were obese
(BMI � 30 kg/m2). Ten women (3.5%) had already undergone



E. Debras et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology: X 4 (2019) 100093 3
surgery for uterine malformation, 11 (3.8%) infertility, 17 (5.9%)
ovarian cystectomy, two (0.7%) bariatric surgery, and 68 (23.5%)
another type of visceral surgery. Thirteen women had already
undergone a previous ovarian drilling in another hospital.

Included women exhibited hirsutism in 37.4% of cases,
amenorrhea in 20.8%, and oligomenorrhea in 69.5%. The popula-
tion’s mean menstrual cycle duration was 57 days [45–55].
Ultrasound examinations found polycystic ovaries in 92.7% of
cases, with a mean AFC of 50.5 (47.8–53.1).

Per-operative complications occurred in 15 women (5.2%): 11
(3.9%) laparoscopic conversions due to failure of the transvaginal
hydrolaparoscopy, 1(0.3%) conversion to open surgery due to
failure of the laparoscopy, 2(0.7%) serous rectal wounds during the
transvaginal hydrolaparoscopy, and 1(0.3%) case of ovarian
bleeding without transfusion. Post-operative complications oc-
curred in 8 women (2.8%): 6 (2.1%) had an emergency consultation
for pain without hospitalization, 1(0.3%) had a severe ovary
hemorrhage with a transfusion and 1(0.3%) had an abdominal
dermal hematoma.

Rate of pregnancy after drilling

The mean follow-up period was 28.4 months (25.3–31.5). One
hundred and thirty-seven women (61.4%) achieved at least one
pregnancy after drilling (71 were spontaneous [51.8%]), and 48
women (16.6%) achieved at least two (27 were spontaneous
[56.3%]). Concerning the live birth rate, 117 women (40.5%)
obtained at least one live birth, and 22 women (7.6%) obtained
at least two. The details of the first-pregnancy issues are presented
in Fig. 1.

The first spontaneous pregnancies occurred within a mean
period of 4.5 months (CI 95% [3.6–5.4]). For assisted reproductive
technology (ART) pregnancies, the mean time between drilling and
pregnancy was 16.1 months (13.6–18.6).

The details of the second-pregnancy issues are presented in
Fig. 2a or b.

Predictive factors of pregnancy

The average post-operative AMH level, collected from 78
women, was 10.9 ng/ml (9.4–12.3). Twenty-five women (32.1%)
presented a decrease of more than 30% in their AMH levels. The
average post-operative AFC, collected from 80 women, was 44.3
(39.7–49). Twenty-one women (26.3%) presented a decrease of
more than 30% in AFC. Ovulation recovery was noted after drilling
for 109 women out of 164 (66.5%).
Fig. 1. Fisrt-pregn
The predictive factors for successful drilling are presented in
Table 2a and 2b.

Second drilling

Two drillings were performed for 33 women, 13 after failure
and 20 after success. The follow-up data are shown in Fig. 3. The
average AMH and AFC values before the first drilling were
respectively 13.6 ng/ml (11.9–14.3) and 55.9 (45.4–66.5). These
figures present no significant difference between the women
who had two drillings and the women who had only one
(p = 0.82 and p = 0.21). The average time between the two
surgeries was 36.1 months (28.6–43.5). Five women (15.1%)
experienced ovary adhesions due to the first surgery. For 10 of
the women who had two drillings, pre-operative AMH or AFC
was not significantly different before the first or the second
procedure, respectively 11.4 (6.9–15.9) and 8.9 (5.2–12.5) for
AMH (p = 0.14) and 50.4 (49.5–61.3) and 50.9 (36.5–65.3) for AFC
(p = 0.52). The number of perforations was similar during the
two procedures: 14.5 (12.6–16.4) and 15.4 (13.1–17.7) (p = 0.52).

The pregnancy rate after the second drilling was 57.6%, with 52.6%
spontaneous pregnancies. There were no significant differences in
the rates of pregnancy or of spontaneous pregnancy after the second
ovarian drilling, depending on the issue of the first drilling (p = 0.30
and p = 0.25 respectively). Womenwho achievedpregnancyafter the
first ovarian drilling (n = 101) were compared with women who
achieved pregnancy only after the second ovarian drilling (n = 8).
Pre-operative AMH was 12.9 (11.2–14.7) versus 16.5 (8.4–24.6)
respectively (p = 0.38). The pre-operative AFC was higher in the
second group: 48.8 (44.6–53.0) versus 61 (36.2–85.8) respectively
with p = 0.08 with an unilateral test. The numberof perforations was
similar in the two groups 15.1(14.3–15.9) and 16.3(13.2–19.4)
respectively (p = 0.58).

Discussion

Among the study population, 47.4% obtained at least one
pregnancy after drilling, and 56.3% of these were spontaneous. The
predictive factors for effectiveness were a normal BMI, an
infertility period of less than 3 years, an AFC of less than 50,
and an age of less than 35. Among the women who had two
drillings, 57.6% achieved pregnancies, of which 52.6% were
spontaneous.

The external validity of our study is limited by the population
mainly from a center of medically assisted procreation and the
execution of drilling in an expert center. The evolution of practices
ancy issues.



Fig. 2. Second pregnancy issues. (a) After a spontaneous first pregnancy. (b) After an ART first pregnancy.
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Table 2a
Predictive factors of success (univariate analysis).

Rate of pregnancy Rate of spontaneous pregnancy

OR [CI 95] p OR [CI 95] p
Pre-operative factors
BMI � 25 kg/m2 0.55 [0.31-0.95] 0.03 0.90 [0.51-1.59] 0.71
Infertility > 3 years 0.43 [0.23-0.81] 0.01 0.43 [0.23-0.82] 0.01
AFC > 50 0.70 [0.37-1.30] 0.26 0.51 [0.26-1.00] 0.05
Age � 35 years 1.16 [0.55-2.42] 0.69 0.35 [0.14-0.89] 0.03
Post-operative factors
Decrease AMH � 30% 1.50 [0.57-3.93] 0.41 0.76 [0.22-2.63] 0.67
Decrease AFC � 30% 1.17 [0.43-3.22] 0.76 1.67 [0.42-6.65] 0.46
Ovulation 2.34 [1.2-4.48] 0.01 6.23 [2.59-15.02] 0.0001

Table 2b
Predictive factors of success (multivariate analysis).

Rate of pregnancy Rate of spontaneous pregnancy

OR [CI 95] p OR [CI 95] p
Pre-operative factors
BMI � 25 kg/m2 0.51 [0.27-0.95] 0.04 NS NS
Infertility > 3 years 0.43 [0.22-0.82] 0.01 0.45 [0.22-0.91] 0.03
AFC > 50 NS NS 0.47 [0.22-0.97] 0.04
Age � 35 years NS NS 0.21 [0.06-0.76] 0.02
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and recommendations between 2004 and 2013 is also a bias
limiting the external validity of the study. The large size of the
sample with follow-up over 2 years is an undeniable advantage.
The main biases of the study are related to lost to follow-up and the
retrospective nature of the study.

Bayram et al. [19], in a study involving 186 infertile women with
CC-resistant PCOS, found that the success of ovarian drilling was
predicted by a mean infertility period of 2.8 (+/�2.1) years and a
mean age of 28.6 (+/�3.9) years. In the present study, the
participants were older, with longer infertility periods and a lower
LH/FSH rate [16,19]. This difference is probably due to the assisted
reproduction technology unit in one of the centers that referred
the participants for surgery.

The approach options for ovarian drilling are regarded as
equivalent for success [20–23]. Transvaginal hydrolaparoscopy
Fig. 3. Issues after a
appears to reduce post-operative pain [21] and to be an easier
surgical approach in case of excess weight or obesity [24]. Few
complications were noticed [25]; the most frequent (5.4% of cases)
was failure of the surgical approach leading to conversion to
laparoscopy. Transvaginal hydrolaparoscopy requires a specific
learning process with a short learning curve [18,26]. The rate of
serous rectal injury was 1% [27]. The adherence rate was 15.1%,
which is lower than the 20%–70% rate found in some previously
published studies using laparoscopy [28,29]. Transvaginal hydro-
laparoscopy may cause fewer adherences probably due to the use
of bipolar energy in a liquid environment. Another study found a
comparable rate of adherence 15% [30].

The type of energy used and the delivered dose were not
recorded. Some studies have demonstrated more efficient drilling
when the energy dose was adjusted to the ovarian volume [31]. In
the present study, no complication such as premature ovarian
failure were noticed [32,33].

The pregnancy rate, spontaneous pregnancy rate, and live birth
rate (respectively 61.4%, 24.6%, and 40.5%) were in between the
results found by Farquhar et al. [15], with a unknown follow-up
period (live birth rate of 34.1%), and the results found by Lund et al.
[34] (respectively 88%, 60.5%, and 78%) with a longer follow-up
period (15–25 years). These results are comparable to those of
Pouly et al. [35], the follow-up period for this study was not
specified. In another study, the follow-up period was 1–9 years
after ovarian drilling in 116 women [16], the live birth rate was 56%,
and the spontaneous pregnancy rate was 61%. However, the
diagnosis of PCOS was not based on the Rotterdam criteria, and no
flow chart is available. Nahuis et al. reported a live birth rate of 86%
with 33% spontaneous pregnancies in 83 women over a follow-up
period of 134 months [17]. A second pregnancy was obtained for
61% of the participants (35% spontaneously), and a third was
obtained in 13%. This study by Nahuis et al. concluded that drilling
reduced the use of ART and increased the chance of a second
pregnancy. The present study sustained these hypotheses, as
numerous participants achieved several pregnancies, particularly
spontaneously, after drilling.

The medical costs of drilling are lower than those of ART [36–38].
Ovarian drilling can prevent complementary ART and can improve
fertility [39]. Ovarian drilling is well accepted by women [40], and they
mainly choose this procedure over others with equal efficacy [41].
 second drilling.
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In cases of isolated CC-resistant PCOS, drilling can be proposed
before a medical ovulation induction treatment. In cases of
associated infertility factors it is more difficult to pinpoint the best
time for ovarian drilling [42–44].

Abu Hashim et al. [48] found two factors predicting failures in
ovarian drilling: an infertility period of more than 3 years and a
BMI � 25 kg/m2. A normal weight can increase the chance of
pregnancy with a relative risk (RR) of 1.73 (1.39–2.17). Some
retrospective studies have found a high level of LH to be a
prognostic factor for success. AMH levels were not found to be
prognostic factors in ovarian drilling [52,53], but the studies
included small populations. High ovarian volume could be a
predictive factor for success [54]. There is no valid model to
estimateing the chance of pregnancy after ovarian drilling [55].
Elmashad et al (59) found a significant difference in AMH levels
between the group with and without spontaneous ovulation after
drilling. In the present study, the recovery of ovulation was the only
post-operative prognostic factor for pregnancy.

Amer et al. [56], in a retrospective study of 20 women who had
undergone a previous ovarian drilling, repeated this surgery after CC
failure. The populationwas separatedintotwo groups,womenwith a
previous successful ovarian drilling and women with a previous
failed ovarian drilling. After the second drilling, ovulation and
pregnancy rates were significantly higher in the first group. In the
present study, 33 women underwent a second drilling, and there was
no significant difference between those with a previous success and
those with a previous failure (p = 0.30). The rates of pregnancy and
spontaneous pregnancy, respectively 57.6% and 52.6%,were higher in
both groups after the second drilling. AFC values appeared higher in
the groupthatonlyachieved success with the second ovarian drilling
(mean AFC 61.0[36.2–85.8]) than it did in the group that achieved
success with the first drilling (mean AFC 48.8[44.6–53.0]) (p = 0.08).
Some women with high ovarian volumes perhaps required a higher
dose of energy obtained by two drillings.

Conclusion

Ovarian drilling by laparoscopy or transvaginal hydrolaparo-
scopy allowed to obtain a correct rate of pregnancy. The main
advantage of this procedure is its extended period of efficacy that
lead to more than one pregnancy in some cases. The predictive
factors for effectiveness were a normal body mass index (BMI), an
infertility period of less than three years, an AFC of less than 50, and
an age of less than 35 years. A second ovarian drilling may be an
option in cases of transitory success after the first drilling or in
cases of failure due to high ovarian volume.

Further studies would be required to substantiate the efficacy
and long term effects of procedure. In cases of CC-resistant women
with isolated polycystic ovary syndrome, ovarian drilling could
become the first-line treatment.
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