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ABSTRACT

Background: Where laparoscopic ovarian surgery is to be recommended, there may be a small associated risk of lower
ovarian reserve or loss of ovarian function. Based on its activities, Anti-Müllerian hormone (AMH) has been proposed
to be involved in the pathophysiology of polycystic ovary syndrome (PCOS). AMH has become a useful clinical marker
of ovarian reserve (OR) and reproductive disease in women. Its clinical utility has been expanding in scope for use in
monitoring ovarian reserve, response to in vitro fertilization protocols, and diagnosis of ovarian diseases such as primary
ovarian insufficiency and polycystic ovary syndrome (PCOS).
Aim: Comparing AMH to other parameters of ovarian reserve (OR) in evaluating the effect of laparoscopic ovarian
drilling (LOD) on OR in treatment of PCO.
Patients and Methods: It is a prospective comparative clinical trial study. Serum AMH along with other parameters of
OR measurement (LH/FSH ratio and Inhibin B) were done before and after LOD in forty eight PCO women. This study
was conducted in Ain Shams University Maternity Hospital. The patients were recruited from the gynecologic outpatient
clinic of Ain-Shams University Hospital from January 2014 to December 2017 (about four years).
Results: Eight cases of our studied patients got pregnant within the first three months postoperative after LOD
and six cases got pregnant after three months. The total number of cases that got pregnant was 14 out of 48 cases
before excluding the 8 cases that got pregnant before 3 months (29.16⁒). The mean AMH level before the operation
was 6.9 ± 1.4 ng/ml and 8.2 ± 1.4 ng/ml for the patients who got pregnant and those who did not get pregnant, respectively.
While the mean AMH level after 3 months of the operation was 5.1 ± 1.1 ng/ml and 6.3 ± 1.4 ng/ml for the patients
who got pregnant and those who did not get pregnant, respectively. The mean LH/FSH ratio before the operation
was 2.04 ± 0.5 and 3.02 ± 0.6 for the patients who got pregnant and those who did not get pregnant, respectively. While
the mean LH/FSH ratio after 3 months of the operation was 1.15 ± 0.2 and 1.93 ± 0.6 for the patients who got pregnant
and those who did not get pregnant, respectively. The mean inhibin B level before the operation was 52.5 ± 2.2 pg/ml
and 52.6 ± 3.9 pg/ml for the patients who got pregnant and those who did not get pregnant ,respectively. While the mean
inhibin B level after 3 months of the operation was 48.3 ± 2.1 pg/ml and 49.1 ± 3.6 pg/ml for the patients who got pregnant
and those who did not get pregnant, respectively.
Lower preoperative AMH levels and LH/FSH ratio and after 3 months postoperatively were associated with increased
pregnancy rates in patients who conceived compared to those who did not conceive (p=0.004) and (p=0.002) preoperative
versus (p=0.003) and (p=0.004) postoperative, respectively. On the other hand, preoperative and 3 month’s postoperative
levels of Inhibin B had no effect on pregnancy rates (p=0.954) and (p=0.582).
Conclusion: Pregnancy rates were significantly related to the preoperative LH/FSH ratio and AMH levels when comparing
the cases that got pregnant with the cases who did not conceive postoperatively in patients of polycystic ovary syndrome
(PCOS), whereas preoperative Inhibin B level had no relation to pregnancy rates . Therefore, AMH measurement could
be a useful tool in assessing and predicting the results of LOD on PCOS patients concerning the pregnancy results after
the operation.
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ovary syndrome (PCOS), ovarian reserve (OR)
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INTRODUCTION

is unknown whether the decrease seen in AMH following
LOD is simply reflective of the destruction of AMHproducing granulosa cells, or is actually mechanistically
related to the clinical improvement. The predictive ability
of pre-operative AMH concentration for treatment success
would argue for the latter. It is possible that decreased local
ovarian production of AMH following LOD may lead to
increased follicular responsiveness to FSH and release
from the follicular arrest[10].

PCOS is highly prevalent endocrinopathy in women
in the childbearing period. PCOS is associated with
reproductive and metabolic alterations and constitutes the
most common cause of anovulation in women[1].
The mammalian ovary has a finite number of oocytes
that form during fetal development. The size of the
primordial follicle pool (i.e., the ovarian reserve) declines
with age and is likely a key determinant of the reproductive
lifespan[2]. Patients with PCOS have a larger follicle pool
than normo-ovulatory women. With advancing age, the
follicle pool decreases in both patients with PCOS and
normo-ovulatory women. However, as patients with PCOS
have a greater initial pool of follicles, their ovarian reserve
is unlikely to undergo rapid depletion with age[3].

AIM OF THE WORK
It is a study to compare AMH to other parameters of
ovarian reserve (OR) in evaluating the effect of laparoscopic
ovarian drilling (LOD) on OR in treatment of PCO in terms
of change of level after the drilling and the pregnancy rate.

PATIENTS AND METHODS

Anti-Müllerian hormone (AMH) also called egg timer
is a transforming growth factor β (TGF- β) family member
and is produced by the granulosa cells of primary to small
antral follicles and it is connected to the number of small
antral follicles. AMH is the only ovarian reserve marker
that is absolutely menstrual cycle independent and it is not
affected by oral contraception and GnRH agonists[4].

Study type: It is a comparative prospective clinical

trial study.

Study population: Forty eight patients with PCO
were included in the study. The included women in this
study were with either primary or secondary infertility,
with mean age 31.2±4.04 years, mean BMI 30.7±3.75
(kg/m2) and mean infertility years 5.02±2.3 years.

Serum AMH has been evaluated as an additional
diagnostic marker for PCOS[5]. Based on its activities, AMH
has been proposed to be involved in the pathophysiology
of PCOS[6].

Patients with PCOS were diagnosed as having PCOS
if they were found to have two of the following three
criteria chronic anovulation or oligoovulation after
excluding secondary causes, Clinical or biochemical
hyperandrogenism and polycystic ovaries on ultrasound
according to Balen et al criteria[11,12].

Medical treatment through induction of ovulation is
the standard first line of management in infertile women
with PCOD. Surgical treatment of PCOS started in 1935
by Stein and Leventhal by wedge resection of the ovaries.
Laparoscopic ovarian surgery is indicated in cases of
clomiphene citrate resistance or failure[7]. Laparoscopic
ovarian surgery could be second line therapy for women
with PCOS, who are clomiphene citrate resistant, with
anovulatory infertility and no other infertility factors[8].

On the other hand, the exclusion criteria were
any patient who received any medication within the
last 3 months including but not limited to corticosteroids,
ovulation inducing agents, hormonal contraceptive
methods. Any patient diagnosed with Thyroid disease,
Cushing's syndrome, Adult onset congenital adrenal
hyperplasia or androgen-secreting ovarian or adrenal
tumors or hyperprolactinemia were also excluded.

The mechanism of action of LOD is largely unexplained.
In particular, it is not known whether LOD exerts its action
through a direct effect on the ovary or through a systemic
endocrine mechanism. One of the theories that explain
the effect of LOD is the higher ovarian reserve presents
in patients with PCO. This proposed mechanism of
exaggerated ovarian activity (at supraphysiological state)
can be reduced to the physiological level by destruction
or removal of some part of the ovary retaining the ovarian
activity to physiological state[9].

Serum AMH was 8.07±1.49 ng/ml, LH/FSH ratio
was 2.8±0.7 and inhibin B was 52.5±3.68 pg/ml.
After enrollment in our study, these patients were
found to comply with phenotype A of PCOS according
to the classification of Carmina [hyperandrogenemia,
anovulation, PCO morphology (PCOM), increased AMH
and metabolic issues][13].

Several lines of evidence demonstrate a close
association between changes in serum AMH concentrations
and improvement in PCOS manifestations in response to
treatment, providing further support to the notion that AMH
is causally related to PCOS pathophysiology. However, it

Sample size calculations:
The sample size of at least 33 patients was estimated
to detect a difference of 3 ng/ml of AMH after drilling
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with standard deviation SD of 6 ng/ml given an alpha error
of 0.05 and power of 80% according to Elmashad et al.[14].

made through the ovarian capsule in the antimesenteric
surface using electrocautery and the same procedure
applied to the other ovary, A monopolar electrocautery
current at 30 Watt power is used for 4 seconds (720-1200
J per ovary). Each puncture is about 4 mm in diameter
and 6-8 mm in depth and No coagulation to be done
within 10 mm of the hilum to avoid bleeding or permanent
reduction of the ovarian blood supply][15] (see Figures 1-5).
The amount of power applied on each ovary in joules (J)
is calculated by multiplying (number of punctures x time
in seconds per puncture x power of current in watts)[14,16].

Ethics statement:
The study was approved by the local Ethics Committee.
Informed consent was taken from participants includes
information about risks and benefits out of the research,
and also that participating women’s right to withdraw
from the study without being adversely impacted. This
study was conducted in Ain-Shams University Maternity
Hospital. The patients were recruited from the gynecologic
outpatient clinic of Ain Shams university hospital from
January 2014 to December 2017 i.e. about four years.

Biochemical pregnancy was reported and the 8 cases
which got pregnant within 3 months postoperative were
excluded from the study and 6 pregnancies occurred
within another 3 months and the patients were included
in the study. Comparison was done between the cases that
got pregnant and the cases that did not conceive in the
aspects of the same ovarian reserve parameters before the
operation and after 3 months.

Study methods:
For all patients a complete history was taken and a
physical examination including measurement of body
mass index (BMI) was done. Ultrasound examination to
detect polycystic ovaries was done to confirm the diagnosis
of polycystic ovaries according to Balen et al. criteria[11].

STATISTICAL ANALYSIS:

A single venous blood sample was drawn from
the PCOS patients in the second day of the cycle for
measurement of LH/FSH ratio, serum Inhibin B and serum
AMH. All laboratory measurements will be repeated at 3
and 6 months postoperative. The blood sample taken was 10
cm2 and it was centrifuged and the serum was kept frozen
in (-80 degrees Celsius). The laboratory measurements
were done after finishing all samples collection.

Data entry and statistical analyses were performed
using SPSS (statistical package of social sciences)
version 21 (SPSS Inc., Chicago, IL, USA) (17). Categorical
data were expressed in number and percentage. Continuous
normally distributed data were expressed in mean and
standard deviation. The quantitative data were examined
by Kolmogorov Smirnov test for normality of data.

Laparoscopic ovarian drilling (LOD) was done
according to the recommendations of the world laparoscopy
hospital [An insulated puncture needle is introduced
through the ipsilateral part and 6-10 puncture points are

Independent sample t test (student t test) was used
for continuous normally distributed data. Statistical
significance was considered when probability (P) value
was less than or equal to 0.05.

Fig. 1: Using uterine manipulator to visualize the ovary

Fig. 2: Grasping the ovary
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Fig. 4: Number of punctures depends on the ovarian size

Fig. 3: Drilling the ovary in the anti-hilar border

Within the first 3 months after LOD, 8 patients
conceived. Then, 6 more patients conceived in the next 3
months. Thus, the original total number of patients who
conceived was 14 out of 48 cases (29.16⁒), including
the 8 patients who got pregnant within the first 3 months
after the LOD.
After excluding the 8 cases, 34 patients out of 40 did not
get pregnant. There was insignificant difference between
both groups regarding age, BMI and years of infertility.
The patients who got pregnant had a mean age of 30.1±3.8
years, the mean BMI was 30.6±5.2 kg/m2 and the mean
infertility years were 5±2.3 years, while the patients who
did not get pregnant had a mean age of 31.4±4.1 years, the
mean BMI was 30.7±3.5 kg/m2 and the mean infertility
years were 5.1±2.4 years, respectively (Table 2).

Fig. 5: Cooling the ovary

There was significant lower AMH levels in patients
who got pregnant compared to those who did not get
pregnant before laparoscopic ovarian drilling (P=0.004)
and after 3 months postoperatively (P=0.003). There
was significant lower LH/FSH ratio in patients who got
pregnant compared to those who did not get pregnant
before laparoscopic ovarian drilling (P= 0.002) and
after 3 months postoperatively (P = 0.004). There was
insignificant difference in inhibin B level in patients who
got pregnant compared to those who did not get pregnant
before laparoscopic ovarian drilling (P= 0.954) and after 3
months postoperative (P= 0.582) (Table 2)

RESULTS
In our study, the included women (n = 40) had a
history infertility, n = 31 (77.5%) with primary infertility
and n = 9 (22.5%) with secondary infertility. The initial
characteristics of included women were that they had
a mean age of 31.2 ± 4.04 years and the mean body
mass index (BMI) was 30.7 ± 3.75 kg/m2. There was
a significant reduction in the AMH level, LH/FSH
ratio and inhibin B after laparoscopic ovarian drilling
at 3 and 6 months (Table 1).
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Table 1: Ovarian reserve before and after laparoscopic ovarian drilling at 3 and 6 months

laparoscopic ovarian drilling

P1

P2

P3

before

After 3 months

After 6 months

AHM(ng/ml)
mean±SD

8.07±1.49

6.1±1.4

5.2±1.1

0.001*

0.002*

0.002*

LH/FSH Ratio
mean±SD

2.8±0.7

1.8±0.6

1.4±0.5

0.003*

0.001*

0.001*

52.5±3.68

49.03±3.4

45.7±3.6

0.003*

0.002*

0.004*

ovarian reserve

Inhibin B(pg/ml)
mean±SD

P1 compare between laparoscopic ovarian drilling before and after 3 months
P2 compare between laparoscopic ovarian drilling before and after 6 months
P3 compare between laparoscopic ovarian drilling after 3 and 6 months

Table 2: Comparison of demographic data and ovarian reserve parameters between patients who got pregnant compared to who did not
conceive

Variable

got pregnant
n=6

did not conceive
n=34

p

Age (years) mean± SD

30.1±3.8

31.4±4.1

0.494

BMI (kg/m2) mean± SD

30.6±5.2

30.7±3.5

0.968

Infertility years mean± SD

5±2.3

5.1±2.4

0.978

AMH 0 (ng/ml) mean± SD

6.9±1.4

8.2±1.4

0.004*

AMH 3 (ng/ml) mean± SD

5.1±1.1

6.3±1.4

0.003*

LH/FSH 0 mean± SD

2.04±0.5

3.02±0.6

0.002*

LH/FSH 3 mean± SD

1.15±0.2

1.93±0.6

0.004*

inhibin B 0 (pg/ml) mean± SD

52.5±2.2

52.6±3.9

0.954

inhibin B 3 (pg/ml) mean± SD

48.3±2.1

49.1±3.6

0.582
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DISCUSSION

no details were provided regarding the power setting
or the duration of each puncture, thus the thermal dose
used on the ovary could not be calculated.

In women, serum levels of AMH correlate with
the number of antral follicles, and both decline
with age. Thus, AMH has become a useful clinical
marker of ovarian reserve and reproductive disease
in women. Its clinical utility has been expanding in
scope for use in monitoring ovarian reserve, response
to in vitro fertilization protocols, granulosa cell tumor
recurrence, and diagnosis of ovarian diseases such as
primary ovarian insufficiency and polycystic ovary
syndrome (PCOS)[17].

The results in the bilateral drilling group
(group III) of the study by Kandil and Selim, were
consistent with our study regarding the effect of
bilateral LOD on Inhibin B level. There was a
significant decrease of inhibin B level after bilateral
drilling compared with its predrilling level (53.8±13.5
vs 46.3±6.2 pg/ml; P = 0. 031). No significant changes
occurred in inhibin B level after unilateral drilling or
clomiphene citrate[21].

The mean AMH level was 8.07 ± 1.49, 6.1 ± 1.4
and 5.2±1.1 (ng/ml) preoperative, after 3 and 6 months
postoperative, respectively. The mean LH/FSH Ratio
was 2.8 ± 0.7, 1.8 ± 0.6 and 1.4 ± 0.5 preoperative,
after 3 and 6 months postoperative, respectively. The
mean Inhibin B level was 52.5 ± 3.68, 49.03 ± 3.4
and 45.7 ± 3.6 (pg/ml) preoperative, after 3 and 6
months postoperative, respectively. There was a
significant reduction in all the measured parameters
of OR (AMH, LH/FSH ratio and inhibin B) after
laparoscopic ovarian drilling at 3 and 6 months.

In the study by Amer et al, although LH/FSH ratio
was reduced significantly from 2.6±0.2 to 1.9±0.2
(p<0.001) after LOD which was consistent with our
study. However, no statistically significant change
of plasma concentrations of inhibin B from the preoperative values in the overall group of 50 women
with PCOS [110.0 pg/ml (range 19.0–567.0 pg/ml)
versus 106.0 pg/ml (range 6.7–284.0 pg/ml)]. This
is not consistent with the present study. The overall
lower preoperative and postoperative inhibin B levels
in our study were possibly due to confounding effect
of obesity on inhibin B concentrations. In other words,
although PCOS women might oversecrete inhibin B as
a result of increased numbers of small antral follicles,
this effect is counteracted by the increased BMI which
occurs in a large number of PCOS women. This
balancing effect would not occur in non-obese PCOS
women. The difference in BMI and inhibin B level
between both studies may explain the difference in the
effect of LOD on inhibin B levels in both studies[22].

All parameters used to assess ovarian reserve
preoperatively in our study group were higher than
normal. Although all parameters were reduced
significantly after LOD after 3 months and 6 months
postoperative, the parameters were almost normalized
not reduced than normal representing the merits
of using adjusted current doses intraoperative in
preserving the ovarian reserve over the use of fixed
doses.
In Salem et al. study, which was consistent with
our study in terms of effect of LOD on AMH and
LH/FSH ratio, AMH level was 6.3 ± 2.1, 4.1 ± 1.8
and 3.9 ±1.51 (ng/ml) preoperative, after 3 and 6 months
postoperative, respectively. Also LH/FSH Ratio
was 2.45 ± 0.7, 1.35 ± 0.4 and 1.2±0.25 preoperative,
after 3 and 6 months postoperative, respectively[9].

Eight cases of our studied patients got pregnant
within the first three months after LOD and six
cases got pregnant after three months. The total
number of cases that got pregnant was 14 out of 48
cases before excluding the 8 cases that got pregnant
before 3 months (29.16⁒). After excluding the 8 cases
that conceived within the first 3 months, 34 patients
out of 40 did not get pregnant, The pregnancy rates
were not related to the preoperative levels of Inhibin B,
but they were significantly related to the preoperative
AMH levels and LH/FSH ratio when comparing the
cases that got pregnant with the cases who did not
conceive postoperatively. The cases who got pregnant
had lower AMH levels and lower LH/FSH ratios
preoperative than the cases who did not get pregnant,
however; all cases had elevated AMH levels and LH/
FSH ratios than normal population.

The study by Saraswat et al. was comparable to our
study, in terms of significant decrease in AMH levels in
women with PCOS after laparoscopic ovarian drilling.
The mean preoperative AMH level was 9.86±6.028
versus 6.03±3.742 ng/ml postoperative at day 2 of next
cycle (p<0001)[19].
The study by Farzadi et al. was contradictory to
our study in the aspect of the effect of LOD on AMH
level. The average amount of AMH serum levels
was 8.4±4.7 7.5±4.5, 7±4.5, and 7.7±4.4 ng/ml
(p=0.70) before laparoscopic surgery and one week, 3
and 6 months after surgery, respectively[20]. However,
Farzadised monopolar hook diathermy for LOD and

The mean preoperative AMH level before the
operation was 6.9±1.4 ng/ml and 8.2±1.4 ng/ml for
the patients who got pregnant and those who did not
get pregnant, respectively. While the mean AMH level
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after 3 months of the operation was 5.1±1.1 ng/ml
versus 6.3±1.4 ng/ml for the patients who got pregnant
and those who did not get pregnant, respectively.
There was significant lower preoperative AMH level in
patients who got pregnant compared to those who did
not get pregnant before laparoscopic ovarian drilling
(p=0.004) and also the postoperative AMH level
after 3 months of the operation was significantly lower
in the patients who got pregnant compared to the
patients who did not conceive (p=0.003).

respectively. There was insignificant difference in
inhibin B level in patients who got pregnant compared
to those who did not get pregnant before laparoscopic
ovarian drilling (P= 0.954) and after 3 months
postoperative (P= 0.582).
The results related to pregnancy in the study by
Rezk et al. were inconsistent with our results regarding
pregnancy rate in relation to patients’ characteristics
which were higher rates was observed in younger
patients (<25 years), with lower BMI (<25 years) and
with shorter duration of infertility (<3 years) (p<0.05).
Although the ovulation and pregnancy rates at 3
months periods were higher in the bilateral ovarian
drilling (BLOD) group, it did not reach to a significant
difference (p>0.05). But was significant at 6-month
period (p<0.05). However, higher rates of pregnancy
were observed with lower preoperative lower AMH
levels (<5 ng/ml) (p <0.05) which is consistent with
our findings[23].

The study by Saraswat et al. was inconsistent with
our study regarding the outcomes of pregnancy versus
pre and post LOD AMH levels which was also looked
into. Mean value of pre and post LOD AMH levels were
found to be 11.19 ng/ml and 7.21 ng/ml, respectively
in women who achieved pregnancy versus 9.18 ng/ml
and 6.03 ng/ml in those who did not. Though there was
a significant reduction in the AMH levels post LOD
both on 7th postoperative day (POD) and on 2nd day
of the next cycle, statistical tests did not show any
significant correlation between these AMH values in
the patients who achieved pregnancy as compared
with those who did not. However, the patients who
had higher pre LOD AMH levels were found to have
better chances of pregnancy in this study suggesting
that the subgroup of clomiphene resistant PCOS
patients with high AMH levels may benefit more from
LOD as compared to those in whom AMH is normal
or only marginally raised[19]. The difference of results
between this study and our study may be attributed to
the different patients’ types as our patients were all
PCO phenotype A according to Carmina classification
of types of PCO patients[13].

The difference of results between this study and our
study regarding the effect of the demographic data (age,
BMI and duration of infertility) on the pregnancy rates
may be due to the homogeneity of the demographic
data of our patients. Our patients are all with high BMI
while the differences in age and years of infertility are
insignificant amongst them.
CONCLUSION
Although all parameters of ovarian reserve were
reduced significantly after LOD, pregnancy rates were
significantly related to the preoperative AMH levels and
LH/FSH ratio when comparing the cases that got pregnant
to the cases who did not conceive postoperatively in
patients of polycystic ovary syndrome (PCOS). Therefore,
AMH measurement could be a useful tool in assessing
and predicting the results of LOD on PCOS patients
concerning the pregnancy results after the operation not
only in assessment of ovarian reserve after the drilling.

The
mean
preoperative
LH/FSH
ratios
were 2.04 ± 0.5 and 3.02 ± 0.6 for the patients who
got pregnant and those who did not get pregnant,
respectively. While the mean LH/FSH ratios after 3
months of the operation were 1.15 ± 0.2 and 1.93 ± 0.6
for the patients who got pregnant and those who did
not get pregnant, respectively. There was significant
lower preoperative LH/FSH ratio in patients who got
pregnant compared to those who did not get pregnant
(P= 0.002) and also the postoperative Inhibin B level
after 3 months of the operation was significantly lower
in the patients who got pregnant compared to the
patients who did not conceive (p=0.004).
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