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Abstract

Objective: to evaluate the outcomes of endoscopic ovari-
an drilling (LOD) on the Anti Mullerian hormone (AMH)
plasma levels, potential changes of the stromal ovarian
blood flow, and antral follicular count by three-dimensional
power Doppler ultrasonography in an-ovulatory polycystic
ovarian disease (PCOD) and 1f this can explain the ovarnian
dnlling mechanism of action.

Methods: The prospective, comparative (case control) re-
search was completed on fifty patients from Bab El-Shaarea
Umiversity Hospital (El Sayed Galal). They were selected
from mfertility and family planning clinics. Women were
assigned mto one of two equal groups (each 25 patients).
The first included mnfertile women, resistant to clomiphene
citrate and scheduled for drilling. The second included
healthy women from the family planning clinic, who were
seeking for contraception. The main outcomes were AMH
levels, Doppler indices and Antral follicular counts before
and after drilling. The secondary outcome in the study
group included occurrence of ovulation, chemical and clin-
ical pregnancy rate within 6 months after drilling.

Results: The mean mitial AMH, doppler indices and an-
tral follicular counts were singingly higher among study
than control group. AMH and AFC significantly reduced in
cases after than before dnlling [2.8 to 3.9], [13.9 to 15.8].
Ovarnan FI, VI, and VFI significantly decreased after than
before drilling. In the study group, 20 (80%) had ovulation,
and 13 (52%) got pregnant within 6 months of the operation.
Regression analysis showed that imitial AMH, itial AFC,
mitial VFL, post-LOD AMH, post-LOD AFC, post-LOD VI,
post-LOD FI and post-LOD VFI were significant indicators
of successful ovulation and successful pregnancy within 6
months after drilling.

Conclusion: Endoscopic ovarian drilling had a significant
decreasing effect on serum AMH, AFC, and Ovarian Dop-
pler indices in PCOD patient not responding to clomiphene
citrate. The mitial values of AMH, AFC and VFI; besides
post-drilling values of AMH, AFC, VL, FL, and VFI were
significant indicators of ovulation after drilling.

Keywords: Laparoscopic; Ovarian Drilling; Polycystic
Ovarian Disease; Anti Mullerian Hormone.
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Introduction

Polycystic ovarian disease (PCOD) is a dis-
order that hits 5-10% of females of reproduc-
tive age group (1). Twelve or more follicles
with a dimeter of 2-9 mm or increased the
volume of ovaries (>10 cm3) must be present
to diagnose the condition by trans-vaginal
scanning (2).

Definition of PCOD requires the existence
of at least 2 of the next 3 diagnostic criteria:
oligo-ovulation and/or anovulation, clinical
and/or laboratory features of hyper-andro-
genism, and ultrasonic polycystic ovarian
features (3).

Rising blood flow of ovarian stroma 1is
emerging as an indicator to help m the diag-
nosis. The average time of maximum ovarian
velocity and stromal peak systolic blood flow
velocity were significantly higher in PCOD
than 1n normal females (4).

Three-dimensional power Doppler showed
significantly higher blood flow of the ovarian
stroma m PCOD than in normal ovaries (5).

The pattern assessment of blood flow by 2D
ultra-sonography, can be achieved by objec-
tive measurement of velocity and the resis-
tance to flow by pulsed-wave Doppler with
subsequent analysis of the waveforms de-
rived from a single vessel or by applying col-
or or 2D power Doppler to a single plane (6).

Color Doppler 1s less sensitive than Power
Doppler for detection of low flow velocity,
and thus it overcomes the angle dependence
of standard color Doppler and provides im-
proved visualization of small vessels (7).

Anti-Mullerian hormone (AMH) belong to
the family of transforming growth factor-f§
(TGF- B). AMH 1s mamly secreted by the
granulosa cells (GCs) of early ovarian devel-
oping follicles (8). Its expression 1s limited to
GCs of primary, pre antral, and small antral
follicles, suggesting that, it plays a crucial
role 1n folliculogenesis (9).

It was demonstrated that AMH reduces the
follicles sensitivity to circulating FSH, an
effect that is significant for normal folliculo-
genesis, also 1t was shown that AMH is two
to threefold rise-up in serum of PCOD than
females with intact ovaries (10).

Controversial information 1s now available
regarding whether an mtrinsic AMH produc-
tion by the GCs played a role or cause follic-
ular arrest in PCOD or the AMH excess i
PCOD is secondary to the rise in pre-antral
follicles number (11).

Increased AMH concentrations may be relat-
ed to other factors n PCOD, the most ob-
vious being hyper-androgenism (12) and in-
creased resistance to insulin (13).

Increased flow of stromal ovarian blood m
PCOD may result from increased produc-
tion of vascular endothelial growth factor
(VEGF), which may modulate the increased
insulin-like growth factor I (IGF-I), that en-
hances gonadotropin stimulated steroid for-
mation i GCs and theca cells, resulting in
increased ovarian production of androgens
and subsequently increased AMH production
(13) and the vascular permeability of theca
cells (14).

Knowing factors that determine the response
of females with PCOD to drilling will help
1n selecting cases that may benefit from this
treatment modality (15). Factors affecting
the success of LOD was reported mn a previ-
ous study (16).

AMH had been discovered to correlate with
ovarian responsiveness to clomiphene ci-
trate (CC) (17) and to FSH controlled ovar-
1an hyper-stimulation for IVF cycles (18).
AMH serum level consistency along the
menstrual cycle, with very little inter cycle
variability, makes it an attractive indictor of
response to treatment (19). LOD mechanism
1s not yet unexplained. Particularly, it is not
accurately known whether drilling exerts its
effect by a systemic endocrine mechanisms
or through a direct action on the ovary (20).
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Patients and Methods

The current work was performed at Al-Sayed
Galal University Hospital between Marsh
2015 and December 2016. It was a prospec-
tive case control study that was held on fifty
patients divided into 2 groups. Case group in-
cluded 25 infertile patients of PCOD not re-
sponding to clomiphene citrate and exposed
to endoscopic ovarian drilling, and Control
group includes 25 healthy patients from fam-
ily planning clinic seeking for contraception.

Inclusion Criteria:
1. Age between 18-35 years old.

2. Diagnostic features for PCOD included
at least 2 of the next 3 features according
to Rotterdam ESHRE 2004 :

a)Amenorrhea or oligomenorrhea
chronic  anovulation.

with

b)Clinical and/or labortory evidence of hy-
perandrogenism.

c¢)Ultra-sonographic criteria of PCOS.

3. Ovulation failure after administration of
CC up to a 150 mg, daily dose from cycle
days 2—6 for three consecutive cycles.

4. Ovaries were classified as normal or
polycystic by ultrasonic examination, the
follicle number of 0.2-0.9 cm 1n diame-
ter will be counted in both ovaries. The
threshold will be established at 12, thus
diagnosing polycystic ovaries by the ex-
istence of 12 or more follicles. If the av-
erage follicle number 1s less than 12, the
ovaries will be considered as normal (21).

Exclusion Criteria:
1. Age <18 or >35 years.
2. Infertility due to male factor.

3. Tubal Factor investigated with hyste-
ro-salpingography.

4. Previous or current use of metformin.

5. Diseases potentially affecting the ovarian
environment and/or function (including

leiomyomas and endometriosis) or any
organic pelvic diseases.

6. Women with single ovary.
T
8
9

Previous ovarian cystectomy.

. Hyper-prolactinemia.

. Thyroid disease.

10. Diabetes mellitus.

Procedure

>

For all participants, the age and body
mass index (BMI) were recorded. Drill-
g was performed in the follicular phase
of the menstrual cycle. Cauterization of
each ovary at 4 pomts, for 4 seconds at
each point, using 40W of power with a
high-frequency monopolar current mi-
croneedle, 10 mm long regardless of the
size of the ovary.

On the morning of the 3rd day of the
same cycle in which the operation would
to be performed, a sample of blood was

drawn from each patient before drilling
for AMH assay.

Another blood sample was drawn on the
third day of the first post-LOD cycle.
Blood samples were drawn also from the
control women on the third day of the
menstrual cycle.

AFC was obtained m the follicular phase
before LOD and repeated in the follicular
phase of the first post-LOD cycle. How-
ever, the AFC was examined also 1n the
follicular phase of any cycle in the con-
trol group.

A conventional 3D power Doppler ul-
trasound system having the VOCAL
program (Virtual Organ Computer Aid-
ed Analysis) was used. Evaluation was
performed for both ovaries excluding
the ovarian vessels. The site of interest
mcluded the whole ovary except for the
ovarian vessels.

Examination was performed in the follic-
ular phase prior to LOD and was repeat-
ed 1n the follicular phase of the first cycle
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after LOD. Examination was done in the
follicular phase of any cycle in the control
group. Three mndices were calculated: flow
mdex (FI); vascularization mdex (VI); and
vascularization flow index (VFI).

> The measured items between the 2 groups
were compared using the Student t test.
Comparisons of values before and after
drilling n the PCOD group were done
by the paired t test. P value <0.05 will be
considered to be statistically significant.

> Follow up of the case group patients was
done by doing folliculometry monthly for
6 successive months within them the pa-
tients receive clomiphene citrate of a dai-
ly dose of 150 mg from the day 3rd to the
7th day.

The 1ry outcomes were:

AMH level before and after drill-
mg 1in case group and its rela-
tton with it in the control group.
The change m the measures of the 3D
power Doppler mdices of the stromal
ovarian blood flow before and after the
operation in case group and its relation to
them 1in the control group.

> The change m antral follicle count before
and after drilling in case group and its re-
lation with it in the control group.

Statistical Analvsis

> The 2ry outcomes were:

> Ovulation occurrence in the case group
patients within 6 months of the operation
and with ovulation induction using clo-
miphene citrate 150 mg daily from 3rd
to day 7th day.

> Pregnancy occurrence in the case group
patients within 6 months of the operation
and with ovulation induction using clo-
miphene citrate of a daily dose of 150 mg
from the 3rd to the 7% day of the cycle.

Statistical Analysis

Statistical analysis was done using SPSS for
Windows version 15.0. Data were presented
as range, mean and standard deviation (for
parametric variables), number and propor-
tion (for categorical variables). Difference
between both groups was analyzed using
independent student’s t-test (for parametric
variables), Fischer’s exact or chi-squared
(for categorical data). Association between
variables was estimated using Pearson’s cor-
relation coefficient (for parametric variables)
and Spearman’s correlation coefficient (for
non-parametric variables). Significance level
was set at 0.05.

Table-1 Difference between Groups regarding Initial Characteristics

Group I Group II
[PCOS Group] | [Control Group] (1;?;’%1}) P

(n=25) (n=25) 0
Age (vears)
Range 19-33 18 -34 -1.6 0.901!
Mean £+ SD 262 +4.27 26.36+4.75 (-2.7t0 2.4) NS
Parity
0 20 (80%) 0 (0%) <0.001 *
>1 5 (20%) 25 (100%) NE HS
No. of Miscarriages
0 16 (64%) 21 (84%) 0.34 0.107 *
1-2 9 (36%( 4 (16%) (0.09 to 1.3) NS
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Weight (kg)

Range 58 -90 58 —88 -0.6 08141
Mean + SD 70.6 +9.49 71.2+96 (-6.1 to 4.8) NS
BMI (kg/m2)

Range 23.34-29.74 22.66 —29.07 0.9 0.123!
Mean £ SD 26.58 1.85 2573+ 2.01 (-0.2 to 1.95) NS

SD standard deviation

IQR interquartile range
MD (95% CI) mean difference and 1ts 95% confidence mterval

OR (95% CI) odds ratio and 1ts 95% confidence interval

1 Analysis using independent student’s t-test
2 Analysis using chi-squared test
NS non-significant — HS highly significant

NE not estumable

Table-2 Difference between Groups regarding Initial Serum AMH and AFC

Group I Group 11 MD
[PCOS Group] | [Control Group] (95% CI) P

(n=25) (n=25) ¢
Initial Serum AMH (ng/ml)
Range 32-116 12-38 4.96 <0.001!
Mean £ SD 7.19+245 223 +0.69 (3.9t05.9) HS
Initial AFC 16.9
Range 24 —36 818 (153 to <0.001 °
Median (IQR) 29 (27 —30) 12 (10-14) 18.5) HS

SD standard deviation
IQR interquartile range
MD (95% CI) mean difference and its 95% confidence interval
1 Analysis using independent student’s t-test
2 Analysis using Mann-Whitney’s U-test
HS highly significant

Table-3 Difference between Groups regarding Initial 3D Power Doppler Indices

Group 1 Group II MD
[PCOS Group] | [Control Group] (95% CI) P
(n=25) (n=25) ¢

Initial VI
Range 32-65 1225 3.01 <0.001"*
Mean £ SD 484+1.08 1.84 +0.36 (2.5103.5) HS
Initial FI
Range 47.1-57.1 372-483 10.63 <0.001!
Mean £ SD 52.45 +3.46 4181+321 (8.7 to 12.5) HS
Initial VFI
Range 22-35 05-13 1.98 <0.001!
Mean + SD 2.89+041 0.92+0.25 (1.8t02.2) HS

SD standard deviation
V1 vascularization index
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FI flow index

VFI vascularization flow index

MD (95% CI) mean difference and its 95% confidence mterval
1 Analysis using independent student’s t-test

HS highly significant

Table-4 Difference between Pre- and Post-LOD Serum AMH and AFC
Group I MPD
[PCOS Group] Pre-LOD Post-LOD (95% CI) P
Serum AMH
(ng/ml)
Range 32-11.6 18-69 3.34 <0.001!
Mean = SD 7.19+245 384+1.51 (2.8103.9) HS
AFC
Range 24 —36 119 14.9 <0.0012
Median (IQR) 29 (27 - 30) 14 (12— 16) (13.9 to 15.8) HS
SD standard deviation

IQR interquartile range

MPD (95% CT) mean paired difference and its 95% confidence interval

1 Analysis using paired student’s t-test

2 Analysis using Wilcoxon signed rank test

HS highly significant

Table-5 Difference between Pre- and Post-LOD 3D Power Doppler Indices
Group I MPD
[PCOS Group] Pre-LOD Post-LOD (95% CI) P
Initial VI
Range 32-65 1.4-35 2.56 <0.001!
Mean = SD 484 +1.08 2.28+0.62 (2.3102.8) HS
Initial FI
Range 47.1-57.1 40.5-47.5 9.03 <0.001!
Mean = SD 52.45+3.46 43424 222 (8.2109.9) HS
Initial VFI
Range 22-—-35 0.5-1.95 1.79 <0.001!
Mean = SD 2.89+041 1.1+0.54 (1.7t01.9) HS

SD standard deviation
V1 vascularization index

FI flow index

MPD (95% CI) mean paired difference and 1ts 95% confidence interval
1 Analysis using paired student’s t-test
HS highly significant

Table-6 Incidence of Ovulation and Pregnancy within 6 months among Women of
Group I [PCOD Group]

Ovulation within 6 months 20 (80%)

Pregnancy within 6 months 13 (52%)

Data presented as number (percentage)
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Table-7 Binary Logistic Regression Analysis for Measured Variables as indicator of
pregnancy and Ovulation within 6 months after LOD

Ovulation within 6 months after Pregnancy within 6 months after
LOD LOD
OR p OR p
(95% CI) (95% CI)
Age 0.97 (0.8 to 1.2) 0.811 091 (0.74 t0 1.1) 0.317
Weight 0.92 (0.8 to 1.03) 0.140 0.94 (0.86 to 1.03) 0.197
BMI 0.78 (0.4 to 1.4) 0.387 0.78 (0.49 to 1.23) 0.289
Initial AMH 0.17 (0.03 to 0.96) 0.045 0.54 (0.33 to 0.89) 0.016
Initial AFC 0.26 (0.07 to 0.89) 0.032 0.62 (0.39 to 0.98) 0.040
Initial VI 0.001 (0.00 to 2.56) 0.086 0.46 (0.2 to 1.06) 0.068
Initial FI 0.10 (0.008 to 1.46) 0.084 0.79 (0.6 to 1.03) 0.078
Initial VFI 0.001 (0.00 to 0.74) 0.043 0.09 (0.008 to 0.99) 0.049
Post-LOD AMH | 0.28 (0.09 to 0.86) 0.027 0.44 (0.21 to 0.89) 0.023
Post-LOD AFC 0.39 (0.17 to 0.92) 0.032 0.60 (0.39 to 0.92) 0.019
Post-LOD VI 0.01 (0.00 to 0.65) 0.030 0.1 (0.02 to 0.65) 0.016
Post-LOD FI 0.32 (0.12 to 0.86) 0.024 0.5 (0.29 t0 0.87) 0.013
Post-LOD VFI 0.006 (0.00 to 0.74) 0.038 0.09 (0.01 to 0.62) 0.014

OR (95% CI) odds ratio and 1ts 95% confidence interval
Analysis using binary logistic regression analysis

Discussion

Polycystic ovarian disease (PCOD) (22) 1s
considered one of the most common endo-
crine problems among women. PCOD has a
diverse range of causes that are not entire-
ly understood (23). PCOD was diagnosed
when 2 of the next 3 parameters were pres-
ent: chronic anovulation, clinical or labora-
tory hyper-androgenism and clearly defined
polycystic ovaries on ultrasound. The crite-
ria are more flexible and permit the diagno-
sis 1n patients who had previously excluded
by the 1990 NIH criteria, such as anovula-
tory normo-androgenic or ovulatory hyper
androgenic females with polycystic ovaries
on ultrasound scan (4). Trans-vaginal ultra-
sound has become the preferred diagnos-
tic technique for the identification of poly-
cystic ovarian disease. 12 follicles or more
measuring 2-9mm in diameter, or increased
ovarian volume (10 cm3) should be present
on scanning to diagnose polycystic ovari-
an disease(2). 3D ultrasound has the power

to improve the specificity and sensitivity of
ultrasound m the diagnosis of PCOD (24).
Laparoscopic drilling and CC have been es-
tablished as the treatment of choice in CC-re-
sistance (25).

The study objective was to determine the ef-
fect of endoscopic ovarian drilling (LOD) on
Anti Mullerian hormone plasma level, stro-
mal ovarian blood flow changes, by using
3D power Doppler and antral follicle count
in females with Poly-Cystic Ovarian disease
(PCOD) as primary outcomes and ovulation
and pregnancy occurrence within 6 months
after drilling with ovulation induction using
clomiphene citrate of a daily dose of 150mg
from the 3rd to 7th day as secondary out-
comes, and whether this can explain the
mode of action of drilling.

The study results were compared to previ-
ous studies that were held before to measure
the results of endoscopic ovarian drilling
PCOD patients not responding to clomiphene
citrate mainly with previous studies (15, 20,
26, and 27).
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This study did not show statistically signifi-
cant difference between the 2 groups as re-
gards general demographic data including
the age, no. of previous miscarriage, weight
and BMI. It was in agreement with those of
(15, 20, 26, and 27).

The study conducted that the median pari-
ty was obviously significantly higher in fe-
males of group II (control group) which was
in agreement with the studies of (15, 28).

In the current research, the mean mitial AMH
and the median imitial AFC were higher
among cases than control group. The mean
initial AMH was 7.19 + 2.45 for study group,
and 2.23 +0.69 for group control and the me-
dian mitial AFC was 29 for group I and 12
for group II when P value was <0.001.

This was m agreement with the study of (15)
concerning the initial serum AMH which
was 7.4 + 4.6 for cases group pre LOD and
1.9 + 0.3 for control group and for the initial
AFC which was 29 + 2.4 for cases group pre
LOD and 13 + 1.9 for control group. It also
was 1 agreement with the studies of (20, 27).

In the current study, the mean ovarian FI,
VFI and VI were higher between women of
study when compared to control group. This
was 1n agreement with the studies of (4, 15,
27, and 29).

This study showed significant reduction mn
AMH serum level after LOD between wom-
en of cases group which became 3.84 + 1.51
ng/ml with [MPD 3.34 ng/ml, 95% CI (2.8 to
3.9), p<0.001].

This was i agreement with the study of (15)
which was 4.2 + 2.5 ng/ml and also 1t was in
agreement with the study of (20, 27).

This study showed significant reduction
in AFC after LOD among women of cases
group which became 14 with [MPD 14.9,
95% CI (13.9 to 15.8), p<0.001].

This was mn agreement with the study of (15)
which was 15+ 2.2. And also 1t was 1n agree-
ment with the studies of (20, 27).

In this study, there were significant reduc-
tions 1n FI, VI and VFI after than before LOD
in study group. This was in agreement with
the study of (15, 20, and 27). But this was
disagreement with that of (26) who revealed
a significant increase in ovarian FI, VI, and
VFI after LOD in women with PCOD.

The cause that this study results were dif-
ferent from the previously mentioned study
may be due to the technique of how endo-
scopic ovarian drilling was performed (num-
ber, depth of punctures, type of electrocau-
tary needle, time of application of needle to
the ovary and the power of electrocautary.

In this study, bilateral LOD was done by
using monopolar electrocautary needle
which was applied perpendicular to the ova-
ry aided by a short duration of cutting cur-
rent 40 W for 4-6 seconds in 4 puncture.
In a study done by (26) bilateral LOD was
done by using monopolar electrocautary nee-
dle which was applied perpendicular to the
ovarian surface aided by a short duration of
cutting current 30 W for 2-4 seconds m 4
puncture.

Another issue that may explain why our study
results (regarding ovarian indices) were dif-
ferent from previous studies 1s the timing of
performing the 3D power Doppler.

In the current study, the 3D power Doppler
indices (FI, VI and VFI) were measured in
2nd or the 3rd day of the menstruation before
and after drilling.

In the study of Aliaa (26) the indices of 3D
power Doppler (FI, VI and VFI) were mea-
sured before or after drilling in the day 11 or
12 of the cycle.

The controversy between our and Aliaa (26)
results may be explamed by different sam-
ple size which was smaller our study. The n-
creasing number of included females provide
better representation of the general popula-
tions.

In our study, of the included 25 women of
group I, 20 (80%) had ovulation, and 13
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(52%) got pregnant within 6 months after
drilling and by clomiphene citrate.

This was 1n agreement with (15) which had
73.9% ovulation rate and 26.1% spontaneous
pregnancy rate.

Conclusion

This study showed that LOD had a signif-
icant decreasing effect on AMH serum
level, AFC, and Ovarian Doppler indi-
ces of FI, VI and VFI in PCOD patients
not responding to clomiphene citrate.
It also showed that imitial AMH, mitial AFC,
nitial VFI, post-LOD AMH, post-LOD AFC,
post-LOD VI, post-LOD FI and post-LOD
VFI were significant indicators of successtul
ovulation and successful pregnancy within 6
months after drilling.
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