Ministry of Higher
Education and Scientific
Research/ Babylon
University- College of

Medicine

Evaluation of Ovarian Response Indexes as Predictors to the
Outcome of Intra-Cytoplasmic Sperm Injection

A Thesis
Submitted to the Council of College of Medicine/

University of Babylon in Partial Fulfillment of the Requirements for
the Master Degree in Science/

Medical Physiology

BY
Miami Hashim Kathim Alwan Al-Ameree
M.B.Ch.B.

SUPERVISED BY

Professor Assisstant Professor
Dr.Hanan ABdul-Jabbar AL-Taee Dr.Zainab Hassan AL-Khafaji
University of Babylon/ College of Medicine University of Kufa/ College of Medicine

2023 A.D__ 1444 AH



Bk

Lo
| é@)‘ oE 3 Jus;
f-’éé)\ L3 |
9 d) J"°\ - C Jj

z 9 Jﬁ

WIS

S| e

85 L,YI - =) WY

arlaall ) aa



Supervisor Certificate
We certify that this thesis entitled “Evaluation of Ovarian Response Indexes as
Predicators to The Outcome of Intra-Cytoplasmic Sperm Injection study’ was

carried out under our supervision at University of Babylon /College of Medicine, as

a partial fulfillment of the requirements for the degree of “Master of Science in

Medical Physiology”.
Professor Assisstant Professor
Dr.Hanan ABdul-Jabbar AL-Tage Dr.Zainab Hassan AL-Khafaji
University of Babylon / College of Medicine University of Kufa/ College of Medicine
Supervisor Supervisor

In view of the available recommendations, we forward this thesis for debate by the
examining committee.

Assisstant Professor
Dr. Samir Sawadi Al-jubori
Chairman of Medical Physiology Department
University of Babylon /College of Medicine

I1



Examining committee certificate

We certify that this thesis entitled “Evaluation of Ovarian Response Indexes as Predicators
to The Outcome of Intra-Cytoplasmic Sperm Injection study'* was carried out under our
supervision at University of Babylon /College of Medicine, as a partial fulfillment of the
requirements for the degree of “Master of Science in Medical Physiology”. Professor

Prof. Dr. Sahib Yahya Hassan AL-Murshedi
University of Kufa/College of Medicine

(Chairman)
Assistant Professor Assistant Professor
Dr. Ekhlas Hatem Abd-AL Amer Dr. Ban Amer Musa
University of Babylon/College of Medicine University of Babylon/College of Medicine
(Member) (Member)
Professor .
Dr.Hanan ABdul-Jabbar AL-Taee Assmstant Professor .
: : Dr.Zainab Hassan AL-Khafaji
University of Babylon / College of : : -
Medicine University of Kufa/ College of Medicine

: Memb d i
(Member and supervisor) (Member and supervisor)

Approved for the college council

Professor Dr.
Mohend A.N.AL-shalah
(Dean of College Medicine)



DEDICATION
To ...

My Lovely family for their abundant support, for their

patience and understanding, and for their love.

My husband Dr. Hussein, for his unconditional support
throughout the whole two years, without you, this work would

probably have never come into existence.
My mother who suffer with me through these two years.

The soul of my father who prepared me for this moment.

MIAMI

IV



ACKNOWLEDGMENT

Primarily | would thank God for being able to complete this work with

SUCCess.

My respect and thanks goes to all the participants for their cooperation that
made this study possible wishing them to have children .Then | would like
to express my gratitude to my supervisors Prof. Dr. Hanan Abd Al-Jabbar
Al-Taee and Assistant Professor Dr. Zainab Hassan Al-Khafaji for their
continuous guidance, encouragement, discussion and supportive

instructions throughout the course of this study.

In addition, | want to thank assistant Professor Dr. Samir Sawadi Al-
Joburi, head of physiology department at University of Babylon \ College

of medicine.

My thanks also extend to Asst. Prof. Dr. Ban Jabber for her help in the

statistical analysis.

In addition, my gratitude goes to all staff of the Unit in the fertility center
of teaching medical city in AL-Sadder center in AL-Najaf province for their

help and cooperation.



Summary

Background

Knowing predictors of pregnancy in Assistant Reproductive Technology is helpful for clinicians
to individualized the treatment plans and to improve patient counseling and for the patients to
decide whether to undergo infertility treatment so it is important to evaluate Ovarian reserve
prediction indexes as an index to predict the response to Assistant Reproductive Technology.

Ovarian reserve is a term that used to determine the capacity of the ovary to provide oocyte cells
that are capable of fertilization resulting in a healthy and successful pregnancy. With advanced
maternal age, the number of oocyte cell that can successfully recruited for a possible pregnancy
declines, constituting a major factor in the inverse correlation between age and female fertility.

There are several biochemical and biophysical markers for ovarian reserve, usually termed as
ovarian reserve tests .Commonly ovarian reserve tests had done for a female before assisted
reproductive technique(as attempt to predict their specific ovarian response. To evaluate
ovarian reserve there are biochemical testes and ultra-sonography parameters. One of the
biochemical markers is estimation of anti — mullerian hormone serum level, which can done at
any day of the cycle antral follicular count, is one of ultrasonic parameters of ovarian reserve
tests.

Most infertile patients treated with assisted reproductive techniques and among these
techniques are intra cytoplasmic sperm injection, which is a common clinical assisted
reproductive technigue with advantage of being independent of sperm count and morphology
and having a high fertilization rate

Aim of this study: is to evaluate the Ovarian reserve index (AMH*AFC/Age) in
expectation of total number of oocyte retrieve, Metaphase 1l ,oocyte and quality of embryo
obtained and pregnancy rate.

The primary outcome measured will be:

1. Total number of oocyte retrieve.
2. Number of Metaphase Il oocyte
3. Number & quality of embryo obtained.

Secondary outcome: is pregnancy rate.

Study design :This study was analytic prospective cohort study and was carried out on sixty
infertile women aged between 22-45 years (29.75+3.91) referred to the fertility clinic in Al-
Sadder teaching hospital and underwent intracytoplasmic sperm injection throughout period
from August 2022 to March 2023 Each patient undergo details history and physical
examination. Vi




Patient and method: at cycle day 2 (vaginal ultrasound and blood tests for Anti-mullerian
hormone, Follicle stimulating hormone, Luteinizing hormone, estradiol , serum prolactin and
thyroid function test were done.

The ovarian response prediction index values were measured by multiplying the Anti-mullerian
hormone (ng/ml) serum level by the number of the antral follicles of (2-9mm) diameter and then
the result was divided by the age of the subjects (years).

Results: Pregnancy rate of the studied group was 33.33% and there was a significant
difference between pregnant and non-pregnant women with their Anti-mullerian hormone level,
which was compatible with other study, which indicated that Anti-mullerian hormone could
also independently predict pregnancy outcomes, (p value was 0.004)

Current study demonstrated significant difference of ovarian reserve prediction index between
pregnant and non-pregnant women where ovarian reserve prediction index was significantly
higher in pregnant women than non-pregnant group.

There were significant correlation of ovarian reserve prediction index with Metaphase I,
embryo number and number of embryo transfer.

Binary logistic regression analysis done to assess the prognostic effect of Ovarian reserve
prediction index of pregnant women, there was a significant positive correlation of Ovarian
Reserve Prediction Index and higher Anti-mullerian hormone, Antral follicle count, lower Body
mass index, Metaphase 11, oocyte and embryo number. (P value of Antral follicle count 0.03);
(Body mass index p value 0.047).

Receiver Operating Characteristics curve analysis done to assess the validity of ovarian reserve
prediction index in prediction of Intra cytoplasmic sperm injection success rate.

Ovarian reserve prediction index showed an Area Under Curve of 1.00 at a cutoff point 2,
giving a sensitivity and specificity 97% and 100% respectively and AUC of 1.00 at a cutoff
point 1, giving a sensitivity and specificity 100% and 95% respectively, which indicate that
Ovarian Reserve Prediction Index is highly predicting factor in of Intracytoplasmic sperm
injection success rate.
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Conclusion:
¢ ORPI was significantly higher in pregnant women than non-pregnant group.
e The pregnancy rate of the studied group was 33.33%.

e The incidence of pregnancy was significant in the group of women in which the level of AMH
was high compared to the group of women in which the level of the hormone was low.

e \WWomen with higher AMH, AFC and lower BMI more likely to have higher ORPI.

e ORPI showed an AUC of 1.00 at a cutoff point 2, giving a sensitivity and specificity 97% and
100% respectively

e The overall success rate of ICSI in Iraqi fertility centers near the results of the centers of other
outside fertility centers.

e The type of protocol in ICSI program had insignificant role in success rate.

e There were insignificant positive correlation between ORPI level with MII, embryo number
and number of embryo transfer.

¢ As no single ovarian reserve marker has 100% sensitivity and specificity, a combined index
of three variables depicted by ovarian response prediction index can improve ovarian response
prediction.

VIII



LIST OF ABBREVIATIONS:

ABBREVIATIONS

MEANING
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Introduction

Ovarian reserve is a term that is used to determine the capacity of the ovary to provide egg
cells that are capable of fertilization resulting in a healthy and successful pregnancy. With
advanced maternal age, the number of egg cell that can be successfully recruited for a possible
pregnancy declines, constituting a major factor in the inverse correlation between age and female
fertility (Broekemans, et al.1998).

The ovarian ability to provide healthy oocyte used to describe ovarian reserve (OR) in women,
which mainly determined by the number of primordial follicles in the ovary (Molhuijsen and
Visser 2020; Ruth etal 2021). With ovarian aging, there will be decline in the OR and the
Biological ovarian age (BOA) in human has a life span of about 50 years. (Molhuijsen and Visser
2020; Ruth etal 2021).Ovarian reserve declines when females enter their thirty ys.

There are several biochemical and biophysical markers for ovarian reserve, usually termed as
ovarian reserve tests (ORTs). Commonly ORTs done for a female before artificial reproductive
technique (ART), as attempt to predict their specific ovarian response.

These tests give us an indirect evaluation of female s remaining follicular reserve, the accurate
ORT might give a chance to distinguish between normal and poor ovarian responders. (Kiran,
2021).

To evaluate OR there are biochemical testing and ultra-sonographic markers. One of the
biochemical markers is estimation of anti — mullerian hormone (AMH) serum level, which can
be done at any day of the cycle. AMH is a peptide glycoprotein consisting of two very similar
sub units of glycoprotein that are bounded by a disulfide bridges (Kanakatti, et al. 2021). It is
secreted by granulosa cells of small developing follicles in the ovaries. Serum AMH level is
tightly related to the number of small and growing developing follicles, therefore Anti — mullerian
hormone is consider as an important biomarker of ovarian reserve (Gupta, 2022).

Antral follicle count is one of ultra-sonographic markers of ORT (Kiran, 2021).The antral
follicular count done through transvaginal ultrasound at 2 — 4 days of the menstrual cycle, so it
commonly done at the early follicular phase (Gupta, 2022).

The antral follicle count (AFC) describes the number of antral follicles measuring between 2—
10mm noted on early follicular phase ultrasound of the ovaries. AFC measures have a good inter-
cycle and inter-observer reliability in centers with experienced sonographers (Broer,
2011; ASRM.2015; Tal 2017).

An antral follicle is a follicle that is appears as a small fluid — filled sac that contain premature
oocyte. By Trans — vaginal ultrasound, do AFC estimation on D2 or D3 of the menstrual cycles.
The follicles is measured in both ovaries vary in size from ( 2 — 10mm ) AFC can be considered
as an important indicator of the ovarian reserve test and antral follicular count is also could be
reflected the size the remaining primordial follicular pool

Age can play an important driver in determining successful rates in the treatment of infertile cases
(cedars, 2022). 1



The quantity and quality of female's ovarian follicular pool thoroughly bounded and correlated
with their age. (Feyereisen, et al. 2020).

Ovarian response prediction index is calculated by multiplying AMH level (which can be
measured through ELIZA kit (ng /ml) and AFC no. (Can be calculated by Trans vaginal U/S on
day 2) and the result is divided by the age of the patients (years) (peluso, etal 2020).

Infertility is a clinical condition after unprotected inter course for a period of 12 months in which
there is a failure to achieve pregnancy. For women aged 20-44 years old the prevalence of
infertility is 8-12 %, and with 1 in 6 couples experiencing some of infertility problems (ART fact
sheet, European society of human production and embryology 2020).

Most infertile patients are treated with assisted reproductive techniques and among these
techniques are intra cytoplasmic sperm injection (ICSI) which is a common clinical assisted
reproductive technique with advantage of being independent of sperm count and morphology and
having a high fertilization rate (Esteves, et al. 2018).

Aim of this study: to evaluate the Ovarian reserve index (AMH*AFC/Age) in expectation to the
ICSI out comes regarding the total number of oocyte retrieve MII oocyte and quality of embryo
obtained and pregnancy rate.

The primary outcome measured will be:

1. Total number of oocyte retrieve.
2. Number of MII oocyte
3. Number & quality of embryo obtained.

Secondary outcome: is pregnancy rate.
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Female reproductive tract: the female gonads are paired of intra peritoneal
endocrine organs, which found in the left and right quadrant of the abdomen, respectively. The
principle roles of the ovaries are reproduction of egg cells and hormones production. (Tetkova,
et al. 2019).

The female reproductive organs consist of the uterus, fallopian tubes, and the ovaries.

Figure 2.1 (Sokol, 2011). The fallopian tubes communicates with the upper part of the uterus,
while the lower part of uterus is closest through the narrow canal of the cervix with the vagina
and external organs, which are collectively called the vulva (Ganong ,et al.,2019).

Oviduct
Ovaries

) \.‘/‘/_/;A¥./‘\

Corpus luteum

Uterus Uterine wall

Endometrium

Figure 2.1: Parts of female reproductive organs (Sokol, 2011).

PART 1
2.1 Gamete Formation

2.1.1 Primordial Germ Cell:

Development begins with fertilization, the process by which male gamete, the sperm and female

gamete, the oocyte, unite to give rise to a zygote.

Gametes derived from primordial germ cells (PGCs) that formed in the epiblast during the second

week, move through the primitive streak during gastrulation and migrate to the wall of yolk sac.

(Sadler, 2019).

During the fourth week, these PGCs begin to migrate to ward the developing gonad, where they

reached by the end of the fifth week.

Mitotic division increase their number during their migration and continue as they reached to the

gonads. Germ cells undergo gametogenesis as a preparation step for fertilization and this include
3



meiosis to reduce the number of chromosomes and cyto differentiation to complete their
maturation (Sadler, 2019).

Sadler 2019
Y
Mitotic —_ Mitotic
Gale division division -
f/ \". ) R
/ \ / s
Y - o
A \___,-" B \/’ e
Primordial Oogonium Primary oocyte
germ cell in prophase

Figure 2.2 Differentiation of PGCs into oogonia begins shortly after their arrival in the ovary. By the third
month of development, some oogonia give rise to primary oocytes that enter prophase of the first meiotic
division. This prophase may last 40 or more years and finishes only when the cell begins its final maturation.
During this period, it carries 46 double-structured chromosomes.

2.1.2 Maturation of the gametes

2.1.2.1 Oogenesis
Oogenesis is the process whereby oogonia differentiated into mature oocytes and before birth
maturation of the oocyte begin.

Prenatal Maturation of Oocytes:

Once PGCs have arrived in the gonad of a genetic female, they differentiate into oogonia
These cells undergo a number of mitotic divisions, and by the end of the third month, they are
arranged in clusters surrounded by a layer of flat epithelial cells and whereas all of the oogonia
in one cluster are probably derived from a single cell. (Sadler ,2019).

The flat epithelial cells, known as follicular cells, originate from surface epithelium covering the
ovary .The majority of oogonia continue to divide by mitosis, but some of them arrest their cell
division in prophase of meiosis | and form primary oocytes.

During the next few months, oogonia increase rapidly in number, and by the fifth month of
prenatal development, the total number of germ cells in the ovary reaches its maximum, estimated
at 7 million. (Sadler, 2019).

At this time, cell death begins, and many oogonia as well as primary oocytes degenerate and
become atretic. By the seventh month, the majority of oogonia have degenerated except for a few
near the surface. All surviving primary oocytes have entered prophase of meiosis | and most of
them are individually surrounded by a layer of flat follicular epithelial cells

A primary oocyte, together with its surrounding flat epithelial cells, known as a primordial follicle
(Sadler, 2019). 4



After the formation of the primary oocyte, there is a layer of a connective tissue that is covered
the oocyte and this layer consist from one layer of flattened follicular cells, this primary oocyte
together with flattened follicular cells will formed the primary follicle. During puberty, the
primary oocyte will increase in size and so these single flattened follicular cells will convert into
cuboidal cells, and then will convert into columnar cells until the formation of a primary oocyte.
(Moore ,2016).

The primary oocyte later on enveloped by a blanket of amorphous, acellular, glycoproteinous
materials, which known as zona pellucida.

Examining the surface layer of the zona pellucida under the electron microscopy show regular
mesh like appearance with intricate rose window.

The first meiotic division of the primary oocyte will start before birth, but the finishing of the
prophase dose not occur until adolescence (it start at puberty).

The follicular epithelial cells that are covering the primary oocyte release materials, which is
called oocyte maturation inhibitor, which arrest oocyte meiotic process (Moore, 2016).

Postnatal maturation of oocyte

It starts at puberty, commonly only one follicle will develop and grow each month and then there
will be release of the oocyte from that mature ovarian follicle .the primary oocyte stay paramount
in the ovarian follicle until puberty.

When the ovarian follicle develop and grow, the primary oocyte size will increase and before the
ovulation, the first meiotic division of the primary oocyte will finish to bring about a secondary
oocyte and the first polar body.

The secondary oocyte will receive most of the cytoplasm due to unequal division of the
cytoplasm. While the first polar body will receive very little amount of the cytoplasm. The polar
body is small cell certain to decline. When ovulation occur the nucleus of the secondary oocyte
starts its second meiotic division but it will pass only to metaphase where the division will be
dominant. The second meiotic division will not start until the sperm enter the secondary oocyte
(Moore, 2016).
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Figure 2.3  Segment of the ovary at different stages of development. A. Oogonia are grouped in clusters in the
cortical part of the ovary. Some show mitosis; others have differentiated into primary oocytes and entered
prophase of the first meiotic division. B. Almost all oogonia are transformed into primary oocytes in prophase of
the first meiotic division. C. There are no oogonia. Each primary oocyte is surrounded by a single layer of
follicular cells, forming the primordial follicle. Oocytes have entered the diplotene stage of prophase, in which
they remain until just before ovulation. Only then do they enter metaphase of the first meiotic division.

Primary oocytes remain arrested in prophase and do not finish their first meiotic division before
puberty reached. (Sadler, 2019).

This arrested state produced by oocyte maturation inhibitor (OMI), a small peptide secreted by
follicular cells. The total number of primary oocytes at birth is estimated to vary from 600,000 to
800,000. During childhood, most oocytes become atretic; only approximately 40,000 are present
by the beginning of puberty, and fewer than500 will be ovulated. Some oocytes that reach
maturity late in life have been dormant in the diplotene stage of the first meiotic division for40
years or more before ovulation. Whether the diplotene stage is the most suitable phase to protect
the oocyte against environmental influences is unknown. The fact that the risk of having children
with chromosomal abnormalities increases with maternal age indicates that primary oocytes are
vulnerable to damage as they age. At puberty, a pool of growing follicles is established and
continuously maintained from the supply of primordial follicles. Each month, 15 to20 follicles
selected from this pool begin to mature. Some of these die, where other follicles entering the
antral or vesicular stage then fluid start to accumulate in the antral space. Instantaneously before
ovulation, fluid persist to accumulate and so follicles are completely swollen and called graafian
follicles (mature vesicular follicles). (Sadler, 2019).

The longest stage is the antral stage while the mature vesicular stage close approximately 37
hours before to ovulation (Sadler, 2019).
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Figure 2.4 A, primordial follicle consisting of a primary oocyte surrounded by a layer of flattened epithelial
cells. B. Early primary or preantral stage follicle recruited from the pool of primordial follicles. As the follicle
grows, follicular cells become cuboidal and begin to secrete the zona pellucida, which is visible in irregular
patches on the surface of the oocyte. C. Mature primary [preantral] follicle with follicular cells forming a strat-
ified layer of granulosa cells around the oocyte and the presence of a well-defined zona pellucida.

As primordial follicles start to grow surrounding cells transform flat epithelium to cuboidal and
start to divided and their number begin to increase to produce stratified epithelium of granulosa
cells and the oocyte with surrounding follicular cells are now called primary follicle. With each
ovarian cycle, a number of follicles begin to develop but only one will reach to full maturation
while other follicles become atretic.

When the secondary follicle is mature, a surge in luteinizing hormone (LH) induces the pre
ovulatory growth phase. Meiosis | is completed, resulting in formation of two daughter cells of
unequal size, each with 23 double-structured chromosomes. One cell, the secondary oocyte,
receives most of the cytoplasm; the other, the first polar body, receives practically none. (Sadler,
2019).

The result of this division is one cell secondary oocyte that is contain most of the cytoplasm while
the other receive no cytoplasm which known as a first polar body. (Sadler 2019).

The cell then enters meiosis Il but arrests in metaphase approximately 3 hours before ovulation.
Meiosis Il is completed only if oocyte is fertilized; otherwise, the cell degenerates approximately
24 hours after ovulation.

At puberty, the female begins to undergo regular monthly cycles. These sexual cycles are
controlled by the hypothalamus. Gonadotropin-releasing hormone (GnRH), produced by

The hypothalamus, acts on cells of the anterior lobe (adenohypophysis) of the pituitary gland,
which in turn secrete gonadotropins. These hormones, follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) stimulate and control cyclic changes in the ovary.

At the beginning of each ovarian cycle, 15to 20 primary-stage (pre antral) follicles are stimulated
to grow under the influence of FSH. (The hormone is not necessary to promote development of
primordial follicles to the primary follicle stage, but without it, these primary follicles die and
become atretic.) Thus, FSH rescues 15 to 20 of these cells from a pool of continuously forming
primary follicles (Sadler, 2019).
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Under normal conditions, only one of these follicles reaches full maturity, and only one oocyte
is discharged; the others degenerate and become atretic. In the next cycle, another group of
primary follicles is recruited, and again, only one follicle reaches maturity. Consequently, most
follicles degenerate without ever reaching full maturity.
When a follicle becomes atretic, the oocyte and surrounding follicular cells degenerate and are
replaced by connective tissue, forming a corpus atreticum. FSH also stimulates
Maturation of follicular (granulosa) cells surrounding the oocyte. In turn, proliferation
Of these cells is mediated by growth differentiation factor 9, a member of the transforming
growth factor-B (TGF-B) family. In cooperation, theca interna and granulosa cells produce
estrogens: Theca interna cells produce androstenedione and testosterone, and granulosa cells
convert these hormones to estrone and 17 B-estradiol. Because of this estrogen production:
The uterine endometrium enters the follicular or proliferative phase. Thinning of the cervical
mucus occurs to allow passage of sperm. The anterior lobe of the pituitary gland is stimulated to
secrete LH. At mid cycle, there is an LH surge that: Elevates concentrations of maturation
promoting factor, causing oocytes to complete meiosis | and initiate meiosis Il Stimulates
production of progesterone by follicular stromal cells (luteinization) causes follicular rupture and
ovulation ( Sadler, 2019).
In the days directly before ovulation, under the effect of FSH and LH, the diameter of vesicular
follicle will reach 25 mm and so it will convert into graafian follicles.
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There is abrupt increase in LH that cause the primary oocyte to finish meiosis | and the follicle
to pass to the pre ovulatory mature vesicular stage.

The oocyte is arrested in metaphase nearly for 3 hours before ovulation, at the same time the
surface of the ovary bulge locally and a vascular spot appear (stigma,.(Sadler 2019).Collagenase
activity will increase because of LH activity resulting in collagen fiber digestion. Prostaglandin
level also increase , this cause contractions that are in turn will extrude oocyte with surrounding
granulosa cells from the cumulus oophorus where some of them re arrange around zona pellucida
to form corona radiate. (Sadler, 2019).

The rest of granulosa cells together with theca interna are vascularized and under the action of
LH a yellowish pigment develop, that change into corpus luteum which secret estrogen and
progesterone, if the conception not occur, corpus lutein reaches maximum development a days
after ovulation.

After that it degenerate and fibrotic tissue will formed that is called corpus albicans and so
progesterone secretion will decrease and menstruation will occur (Sadler, 2019).

2.2. Fertilization

Fertilization: is the fusion of the female mature oocyte and male sperm. Which is mostly occur
In uterine tube. Male sperm stay viable several days in the female reproductive tract.

In the vagina 1% of male gamete will be deposited and then complete their journey into cervix
where many of them survive for hours and by the effect of muscular contraction they pass up to
the uterine tube. This journey occur so fast about 30 minutes or slowly for about 6 days. (Sadler,
2019).

Male sperm become less movable and its emigration stopped but when ovulation occur sperm
return to its motion and this might be due to the action of chemotactic substance produced by
cumulus cells surrounding oocyte.

Fertilization will not occur before sperm undergo capacitation and acrosome reactions.
Fertilization process consists of many phases: first phase is penetration of corona radiate

The second phase is penetration of zona pellucida and the last third phase is oocyte and sperm
wall fusion (Sadler, 2019).
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Flgure 2.6 A. Scanning electron micrograph of sperm binding to the zona pellucida. B. The three phases of
oocyte penetration. In phase 1, spermatozoa pass through the corona radiata barrier; in phase 2, one or more
spermatozoa penetrate the zona pellucida; and in phase 3, one spermatozoon penetrates the ococyte mem-
brane while losing its own plasma membrane. Inset shows normal spermatocyte with acrosomal head cap.

2.3. Cleavage:

After the zygote reach the two — cell stage, series of mitotic divisions occur and so number of
cells increased. With every division; cells become smaller and this lead to the formation of what
known as blastomeres. At the eight-cell stage, they are formed loosely arranged clump.

A solid ball of cells will bound or joined together after the third cleavage where blastomeres
maximize their connection with each other this is also are similar to what occur in intra-
cytoplasmic sperm injection(ICSI) that have been used to overcome infertility (Sadler 2019).

Two-cell stage Four-cell stage Morula

Figure 2.7 Development of the zygote from the two-cell stage to the late morula stage. The two-cell
stage is reached approximately 30 hours after fertilization; the four-cell stage is reached at approximately
40 hours; the 12- to 16-cell stage is reached at approximately 3 days; and the late morula stage is reached
at approximately 4 days. During this period, blastomeres are surrounded by the zona pellucida, which disap-
pears at the end of the fourth day.

(Sadler 2019).
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Figure 2.8 A, Phase contrast view of the pronuclear stage of a fertilized human oocyte with male and
female pronuclei. B. Two-cell stage of human zygote.

PART 2: ovarian reserve indices

Generally woman's fertility begin to decline at around age of 32 years old, and after the age of
37 years old the drops off is more dramatically. ASRM 2022

Reproductive aging in female mammals is an irreversible process associated with declining
oocyte quality, which is the rate-limiting factor to fertility. (Bertoldo, et al., 2020)

The number of primordial follicles in the ovaries is mainly the determination of the ovarian
reserve where the number of the primordial follicles continuously depleted until ovarian
senescencesec (Logan, 2022).

Ovarian reserve is a term that is used to determine the capacity of the ovary to provide egg cells
that are capable of fertilization resulting in a healthy and successful pregnancy. With advanced
maternal age, the number of egg cell that can be successfully recruited for a possible pregnancy
declines, constituting a major factor in the inverse correlation between age and female fertility
(Broekemans et al.1998). Ovarian reserve, or oocyte number, is different from oocyte quality,
which relates to the potential of a fertilized oocyte to result in a live-born infant (Hansen, et al.
2008).

Ovarian reserve tests include both biochemical tests and ultrasound imaging of the ovaries.
Biochemical tests of ovarian reserve can be divided further into early-follicular-phase
measurements of FSH, E,, or inhibin B ; measurement of cycle-day-independent anti- millerian
hormone (AMH) ; and provocative tests, such as the clomiphene citrate challenge test (CCCT).
Biochemical measures of ovarian reserve intended to directly or indirectly measure the oocyte or
follicular pool.

Ovarian reserve used to clarify and describe the ability of the ovarian function to provide viable
oocytes. (Moolhuijsen, and Visser, 2020; Ruth, et al. 2020). With ovarian aging the OR declined
in human life span of the biological ovarian age (BOA) is about of 50 years. (Moolhuijsen and
Visser, 2020; Ruth, et al, 2021). Depletion of OR can accelerate by several pathological factors
including chromosomal abnormalities, auto immune disorders, iatrogenic injuries which can lead
to diminished ovarian reserve (Steiner, et al., 2017; Spears, et al., 2019; Takahashi , et al. 2021).
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Functional ovarian reserve assessment hold promise in helping women make informed decisions
about their future fertility and desired family size, rather than providing them

With generic age — related fertility recommendations. (Dong, et al 2017; Maslehi, et al, 2019).
Reliable assessment of OR can provide an accurate estimation of the number of oocyte retrieved
be by the reliable assessment of ovarian reserves which is also provide a good quality embryos
in the IVF. ICSI, cycles of the infertile women.

markers including : female age , basal follicle stimulating hormone (FSH) , Estradiol (E2) , anti
— mullerian hormone (AMH) , Inhibin — B, antral follicle count (AFC) , ovarian volume are used
as markers and indicators of ovarian stimulation during IVF , ICSI. (Siddiqui, et al. 2019).

To ensure safe and efficient ovarian stimulation, prediction of the ovarian response must
achieved. (Maged et al., 2015).

Predicting the ovarian response helps to individualize the ovarian response, which results in
decrease cancellation rate and minimized negative impact of excessive ovarian response
(Rubio, et al.2010).

There are many blood tests used as biomarkers for ovarian reserves as AMH and other hormonal
tests which are used in conjunction with medical history and ultrasound images of ovaries to
visualized the number of developing ovarian follicles or antral follicle count (AFC) during single
menstrual to guide treatment( Tal and Seifer, 2017) .

2.1. AGE

Gradually women s fecundity decreased but significantly decline begin approximately at age 32
years and decreased more rapidly after age of 37 years.

Education and enhanced awareness of the effect of age on fertility are essential in counseling the
patient who desire pregnancy, given the anticipated age — related decline in Fertility. Woman
older than 35 years should receive an expedited evaluation and undergo treatment after 6 month
of failed attempts to conceive or earlier if clinically indicated.

In woman older than 40 years old more, evaluation and treatment immediately are warranted.
(ARSM, 2022). Woman s fecundity known to decrease with increase chronologic age.
Follicular atresia and ovulation result in a slow depletion of oocyte number over time, and
menopause subsequently ensues. Ovarian reserve correlates inversely with age, but there is
considerable variation in ovarian reserve among women of the same chronologic age.
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There are assumptions indicated that the relationship between age and ovarian reserve is highly
variable and the potential different validity of ovarian reserve markers in woman in different age
group remain to be demonstrated. (Sameh, et al. 2021).
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Reproductive aging is characterized by a decline in oocyte quantity and quality, which is directly
associated with a decline in reproductive potential, as well as poorer reproductive success and
obstetrical outcomes.

Age related meiotic errors in oocyte are well established. In addition; it is also important to
understand how intra ovarian regulators; change with aging. In addition, how certain treatment
can lighten the effect of aging.

Individual studies have demonstrated that reproductive pathways involving : vascular endothelial
growth factor ( VEGF) ,AMH , insulin — like growth factor (IGF1) and mitochondrial function
are critical factors for healthy egg and cumulus cell development and are change and vary with
increasing age .(Ecencan , et al. 2022).

2.2. Biochemical test:

Historically, fertility specialist to identify women susceptible for diminished ovarian reserve
(DOR) has used ovarian reserve test (ORT). ORT for woman s reproductive potential has been
regarded as a general barometer and for those women whose searching advice before undergo
ART.

Also ORT important for plan of treatment and ovarian stimulation protocols.

(Petersem et al., 2017).

Many direct procedures have been used to screen or estimate for ORT as FSH, antral follicular
count, AMH tests.

2.2.1. Follicular stimulating hormone:

The earliest assessing test that used to check and estimate ovarian reserve is FSH test which is
firmed on feedback inhibition of Follicle stimulating hormone secretion from pituitary gland in
response to ovarian factors throughout the menstrual cycle, terribly FSH levels is changing and
vary widely and this in turn to greatly reducing testing window and reliability for this test. (Tal
and Seifer, 2017).

Follicular stimulating hormone is a gonadotropin synthesized secreted by the anterior pituitary
gland regulate development, pubertal maturation and reproductive processes. (Wen — Kai Bil,
etal, 2020).

Activin enhances biosynthesis of FSH while its synthesis down regulated by inhibin, FSH play a
major a role in the regulation of the development, growth and pubertal maturation and
reproductive process of the body. (Das et al. 2018; Coss, 2020 Wang et al., 2021).

Follicle stimulating hormone structurally is a dimeric glycoprotein of 35.5 Kilo-Dalton composed
of two polypeptide units including alpha and beta subunits.
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During adult life FSH stimulate follicular growth and granulosa cells and follicle growth in
female .While in male FSH stimulate sertoli cells function.



There is two distinct peaks of FSH concentration during female reproductive cycle. (Coss, 2020).
Surge of both LH and FSH are triggers both by a surge of GnRH during after - noon, this surge
in turn result in ovulation of mature follicles in response to Luteinizing hormone.
In late luteal phase, FSH level increase. In addition, through mid-follicular phase of menstrual
cycle, in addition to pre ovulatory rise — corresponding to recruitment of cohort of follicle to the
growing pool.
During ovarian folliculogenesis and antral follicle development FSH plays a key role and in a
combination with LH, it stimulates pre ovulatory follicular growth, and so FSH acts on woman s
ovaries by stimulating granulosa cell proliferation, oocyte maturation and estrogen synthesis.
In woman undergoing fertility treatment, FSH is the most widely performed test. (Tseplidis etal,
2009). Basal FSH is consider as one of the commonly used test for daily practice, when the level
of FSH exceeds 10 — 12 IU / L generally expected that the ovarian reserve is low. (Fang, etal
2015).
Basal FSH levels is more correlated to the number of follicles and number of oocytes retrieved
which in turn reflected pregnancy rate .(Dua et al. , 2013).
Early follicular FSH in combination with estradiol used for more than 30 years as an indirect
measure of ovarian reserve (Schuh-Huerta 2012; Tal 2017.
At the beginning of the menstrual cycle feedback inhibition from estradiol and inhibin B are at
the lowest point and allow the basal, unsuppressed FSH to be measured. Women with normal
ovarian reserve produce enough estradiol and inhibin B from the granulosa cells in the ovary
during the early cycle to keep the FSH low. (Steiner, 2017; ASRM 2017° Schuh-Huerta, 2012)

However, as the follicular pool declines, the early follicular FSH increases due to insufficient
production of estradiol and inhibin B fully inhibit FSH production. (Schuh-Huerta
2012)Therefore, when the early follicular phase FSH is elevated it is highly suggestive of
diminished ovarian reserve (DOR). It is important measure the estradiol level at the same time
for an accurate interpretation of the FSH. In women with DOR the incompletely suppressed FSH
can drive estradiol levels higher (>60-80pg/mL), which in turn will then suppress FSH levels to
normal ranges (ASRM 2015) In this case if only the FSH were measured, it could be falsely
interpreted as a normal result. Therefore, a normal FSH with elevated estradiol should also
prompt concern for DOR (Marcelli, 2017).

Elevated FSH values are associated with but not always predictive of poor ovarian response and
failure to conceive (ASRM, 2015; Marcelli, 2017).

FSH values can also vary significantly from cycle to cycle, which can limit its reliability (ASRM,
2015; Abdalla,2005) Using FSH cut off levels of 10-20 IU/L can be somewhat specific for
predicting poor response to stimulation, defined as less than 2—3 follicles or less than or equal to
4 oocytes retrieved or cycle cancellation.

14



However, sensitivity is poor and widely variable for poor ovarian response and failure to
conceive Given that elevated FSH can suggest a poor outcome with IVF and FSH does vary
between cycles, there has been some thought that repeating

FSH monthly to attempt to select a cycle when the level falls below a desired cut point before
proceeding with IVF in that specific month may improve results.

However, when evaluated using an FSH of 10 IU/L or greater as an elevated value, this selection
process does not improve live birth rate or ART outcomes including number of oocytes collected,
oocytes fertilized, or embryos transferred. (ASRM, 2015; Marcelli, 2017).

Though the majority of young, reproductive aged women tested will not have an elevated FSH,
the test is still clinically useful because it is fairly certain that a woman with an elevated FSH will
have DOR However, given that there is significant variability from cycle to cycle, the positive
predictive value is higher in older women (ASRM,2015).

False positives are higher when FSH tested in a low risk population of young women.
Consequently, one elevated FSH level in women younger than 40 may not predict a poor response
to stimulation or failure to achieve pregnancy. Currently, it is not known whether elevated FSH
can predict an earlier menopause among women of reproductive age (ASRM, 2015; Marcelli,
2017).

Also in reproductive medicine, serum FSH and AFC have been widely used

FSH and AFC , beyond their general predictive value have specific disadvantages, which is FSH
levels fluctuate during the inter/ intra cycle of measurements tend to increase after 35 years of
age ; are dependent on the functional hypothalamic - pituitary - ovarian axis (HPO axis) have
low sensitivity when the number of follicles significantly decreased . ( Kim , Slaughter , Wang
.etal.2017 ; Amer etal .,2020) .

2.2.2 ESTRADIOL

Estradiol (E.) is one of the three types of estrogen found in the body.
Estradiol (E>) is the main estrogen responsible for the female reproduction function.
The other two types are estrone (E), estriol (Es). Granulosa of the ovary are produced E; and its
production is stimulated by FSH that is secreted by the pituitary gland.
The secretion of E; is pulsatile as FSH secretion , at the day three of cycle serum level of E; is
below 35 — 50pg / ml which might be indication for active follicle that produce estradiol
Because the level of both FSH and E, can be, vary depending on age, PCOS, hormonal
contraceptive usage, presence of irregular periods and ovarian dysfunction for many other
reasons.
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For all what mention above E; and FSH should not be used as sole indicators for ovarian reserve.
(Gupta, 2022).

Basal E; alone should not use to screen for DOR. The test has value only as an aid to the correct
interpretation of a normal basal serum FSH value, as follows. An early rise in serum
E, concentrations is a classic characteristic of reproductive aging.When the basal FSH
concentration is normal but the E; level is elevated (>60—-80 pg/mL), this may indicate ovarian
dysfunction attributable to DOR (Evers. et al., 1998).

In human, the most potent form of naturally occurring steroid sex hormone is estradiol, which
produce by ovary, placenta, testis, and in small amount by adrenal gland.

In the female organ, estradiol can bind to especial intra cellular estrogen receptors located in
female organs, breast, hypothalamus, pituitary gland.

Estradiol (E>) consider as the androgenic types from other two types, has two (- OH) groups while
second type is estrone has only one (-OH) and thired type is estriol has three (-OH) groups
.During pregnancy, estriol becomes the predominant. Estrone is predominant during menopause.
estradiol is consider as the primary estrogen throughout the reproductive years .E, acts as a
growth hormone for the female reproductive organs including the vaginal lining, cervical gland,
lining of fallopian tubes, the endometrium and the myometrium, For maintenance the proper
environment for oocytes in the ovary, for initiating and maintaining post pubescent female
secondary sex hormone characteristics, estradiol plays a major role. (William Stillwell, 2016).

2.2.3 Inhibin - B

Inhibin b is a heterodimeric glycoprotein that consists of an alpha subunit that bind to a beta sub
unit, that arise from super family of transforming growth factor — B

Inhibin — B secreted by granulosa cells of developing follicles, the non — steroidal hormone
known by its characteristics of suppressing of follicle stimulating hormone (FSH).
When there is a high serum level of inhibin — b secretion, it will exert a direct negative feedback
effect on the pituitary gland and intern this will lead to decrease secretion of (FSH) level
(Wijayarathna and De kretser 2016).

Therefore, in order to maintain low level of serum (FSH), inhibin — B serum level should be
higher in the reproductive age of female.
As with increase age of female both quality and quantity of ovarian follicle decrease , so that the
inhibitory effect on FSH will be weakened , which will be also one of the important reasons for
the dynamic increment of the serum level of (FSH). (Wijayarathna and De kretser 2016).
As FSH and AFC could regarded as traditional biomarkers for estimation of ovarian reserve,
therefore inhibin- B may has an important role in deliberating ovarian reserve estimation.
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Inhibin — B concentration can be intended as more direct indicator for the ovarian reserve and
this is related to the fact that inhibin — B is secreted by the small ovarian follicle for that that
reason it has been consider as direct indicators of ovarian follicular pool .( Wang etal 2020).

2.2.4. Anti — mullerian hormone (AMH)

The name of AMH derived from its role through the differentiation of male sex by stimulation
the regression of mullerian duct. Anti — mullerian hormone consider as one of the members of
the transforming growth factor family. It is a glycoprotein hormone when it produced by
testicular sertoli cells in the male fetus, it will provoke the degeneration of the mullerian
structures (including the oviduct, uterus and upper part of the vagina).

While in adult female, the production of AMH will be from the granulosa cells in the pre antral
and small antral follicles in the ovary. (Jung S., et a.l 2017).

The production of AMH from the pre antral follicles and small follicles are gonadotropin in
dependent for that reason the level of AMH stays somewhat stable within and between the
menstrual cycles. (Jung S. , et al. 2017), in spite of that there is some small variation which has
been recorded , but these variations have been noted to have a small clinical relevance and they
are limited to younger woman and those with high basal level of AMH (practice committee of
the American society, 2015;Liu XY., et al. 2019) .

Anti - mullerian hormone performance is as a negative paracrine in the follicles up to 6mm in
size, which lead to inhibition of follicular recruitment of the follicles early in folliculogenesis,
through its inhibitory role of the expression of aromatase enzyme (Tal and seifer, 2017; Liu et
al., 2019).

As women age increase, AMH level will decline and it strongly related to what is remained of
early follicles in female gonads.

Also AMH has been consider as one of the most usually ordered tests of ovarian reserve over the
last 20 years , and now is regarded as principle part of the work of the fertile couple in most
centers.

Particularly beyond the age of 30 years , the important features of AMH is that its secretion is
solely by ovarian follicles at nearly a constant levels from one period to another , and so AMH
level can be calculated and can be taken at any stage of menstrual cycle , and due to the fact that
consider AMH level is hugely independent of hypothalamic pituitary action so , its calculation
produce a reliable estimation with single measurement (Bressler and Steiner, 2018).

Many team works in the field of ART suggest that AMH is strongly correlated to egg quantity
(Sun X.Y., et al. 2020), forecasting the ovarian response for to gonadotropin stimulation (Alson
et al. 2018; Najafian and Pour, 2018).
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Anti — mullerian hormone has a notably higher diagnostic accuracy than FSH ( Li, X, etal 2020
; Gunning, M.N., , etal ) and AFC(Bentzen, et al. 2012 ; Kushnir, et al. 2014 ; Grossman et al.
2017 ; Tal and seifer,2017 ) and has been the screening test of choice in estimation of ORT.

2.3. Ultrasonic tests:

2.3.1. Measurement of Antral Follicle Count (AFC):

The antral follicle count (AFC) describes the number of antral follicles measuring between 2—
10mm noted on early follicular phase ultrasound of the ovaries. AFC measures have a good inter-
cycle and inter-observer reliability in centers with experienced sonographers. (Broer,
2011; ASRM, 2015; Tal, 2017).

An antral follicle is a follicle that is appears as a small fluid — filled sac that contain premature
oocyte. By Trans — vaginal ultrasound, do AFC estimation on D2 or D3 of the menstrual cycles.
The follicles is measured in both ovaries vary in size from ( 2 — 10mm ) , AFC can be considered
as an important indicator of the ovarian reserve test and antral follicular count is also could be
reflected the size the remaining primordial follicular pool

In a comparison of early follicular phase AFC using a 3-D ultrasound with FSH and ovarian
volume , the AFC showed the least variability between two observed IVF cycles (Jayaprakasan
.etal., 2008).

One limitation of the AFC is that it is possible that the count would overestimate the amount of
follicles able to respond to FSH in a given cycle, as atretic follicles would also be included in the
total number visible with ultrasound (Tal, 2017).

Antral Follicular Count has been shown to be a reliable predictor of ovarian response to
stimulation for IVF, including over response. (Broer, 2011; ASRM, 2015) However, it is a
generally a poor predictor of pregnancy outcomes (ASRM, 2015; Tal, 2017). Using a cut off
value of 3—4 follicles in both ovaries is highly specific but less sensitive for predicting IVF cycle
cancellation or a low number of oocytes retrieved (<3-4). That same cut off value is moderately
specific but retains a low sensitivity for predicting failure to conceive. Furthermore, the positive
and negative predictive values for predicting poor response vary widely among studies (ASRM,
2015) .AFC is also a strong predictor of those at highest risk for OHSS.

A meta-analysis included 5 studies with cut off values ranging from 9 to 18 found that AFC had
a good discriminatory capacity to separate normal and excessive responders, and it can be used
to help drive dosing decisions to attempt to prevent a dangerous over response to stimulation
(Broer ,etal., 2011).
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The authors proposed that the individual physician should determine a cut off for AFC as the
results could vary based on ultrasound equipment, dedicated personnel, and systematic
visualization and counting process. While this would certainly improve internal consistency, it
does limit the generalizability of AFC across centers. . (Broer, et al., 2011) AFC can be a useful
adjunct for evaluating a woman’s overall picture of ovarian reserve given its stability across
menstrual cycles and ability to predict respond to stimulation. However, AFC is limited in its
ability to predict pregnancy outcomes.

Low quantity of the eggs it is a distinctive features of low fertility and it is somewhat associated
with high follicular stimulating hormone level (FSH).

When forecasting IVVF out come and result for a female more than 44 years of age, AFC can
regarded to be more reliable than basal follicular stimulating hormone level.

On ultrasound , when fertility specialists notice an average to high number of antral follicles (
eight or more) , he expected a good chance to retrieved an adequate number of oocytes and the
pregnancy rates are high than average.

A poorer response is expected, if the antral follicular count is few and the IVF and ICSI cycles
could be cancelled to trail better counts the next month. (Owen, 2022).

In spite of that, the AFC is essentially constant and not change much, throughout the menstrual
cycles.

Ultrasound estimation and the presence or absence of follicles or cyst in the ovary can still
interfere with the result of AFC.

Antral follicular counts, age and selection of treatment s protocols are affected factors on the
number of retrieved eggs, which deserve attention of physician. (Xingyu , et al 2022).

Antral follicular counts and AMH concentration and level used as indicators of ovarian reserve
and both used as a predictor of ovarian response to gonadotropins in woman undergoing ovarian
stimulation (Baker , et al. 2018).

The response to gonadotropins may be roughly approximated by antral follicle count (AFC),
estimated by vaginal ultrasound, which in turn reflects how many primordial follicles there are
in reserve in the ovary. Fertility center Chicago, 2009-
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Antral
follicle Classification
count

i_r]?r? 4 Extremely low
4-7 Low

8-10 Reduced

11-14 m?g:nn?eldiate)(bm
15-30 | Normal (good)
than 30 | High

Table 2.1 Antral Follicle Counts, Resting Follicles, Ovarian Volume and Ovarian Reserve. Testing of egg supply
and predicting response to ovarian stimulation drugs Advanced Fertility Center of Chicago. Retrieved on October

Approximate
expected
response

Very poor or none

Possibly/probably
poor response

Lower than average

Sometimes low, but

usually adequate

Excellent

Likely high

Risks
Cancelled cycle
expected
Higher than

average rate of IVF
cycle cancellation

Higher than
average rate of IVF
cycle cancellation

Slight  increased
risk for IVF cycle
cancellation

Very low risk for

IVF cycle
cancellation. Some
risk for ovarian

overstimulation

Overstimulation
and ovarian
hyperstimulation
syndrome

Pregnancy Recommen
rates(®! dation

0-7% with 1
oocyte

Not
IVF

attempt

High doses of
gonadotropin
likely

15%

Slightly
reduced

Slightly
reduced
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35%
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egg quality
issues

2, 2009; Oudendijk JF, Yarde F, Eijkemans MJ, Broekmans FJ, Broer SL (2011).

20


https://en.wikipedia.org/wiki/Pregnancy_rate
https://en.wikipedia.org/wiki/Pregnancy_rate
https://en.wikipedia.org/wiki/Controlled_ovarian_hyperstimulation#cite_note-chicago-6
https://en.wikipedia.org/wiki/Ovarian_hyperstimulation_syndrome
https://en.wikipedia.org/wiki/Ovarian_hyperstimulation_syndrome
https://en.wikipedia.org/wiki/Ovarian_hyperstimulation_syndrome
http://www.advancedfertility.com/antralfollicles.htm
http://www.advancedfertility.com/antralfollicles.htm

The definition of "poor ovarian response™ is the retrieval of less than four oocytes following a
standard hyperstimulation protocol, that is, following maximal stimulation (La Marca A, 2013)
.0On the other hand, the term "hyper response” refers to the retrieval of more than 15 or 20 oocytes
following a standard hyperstimulation protocol. The cut-offs used to predict poor responders
versus normal versus hyper-responders upon vaginal ultrasonography vary in the literature, with
that of likely poor response varying between an AFC under 3 and under 12, largely resulting from
various definitions of the size follicles to be called antral ones. (La Marca A, 2013)

2.3.2. Ovarian volume:

Ovarian volume consist from follicles, stroma, vasculature and the percentile of each of these
contents are bank on many factors like age, any coexistence Gynecological problem.
Commonly ovarian volume measured by using ultrasound.

Ovarian volume measurement is limited because OV is makeshift following any normal
physiological changes such as presence of dominant follicle and also it shift in the presence of
any medical case like endometriosis, also OV measurement can decrease due to usage of
exogenous hormone.(Amanda Deadmond, et al. 2022).

Part 3.Infertility:

Infertility is a disease of the male or female reproductive system, defined by the failure to achieve
a pregnancy after 12 months or more of regular unprotected sexual intercourse. In addition, there
IS no other reason, such as breastfeeding or postpartum amenorrhea). Primary infertility is
infertility in a couple who have never had a child. Secondary infertility is failure to conceive
following a previous pregnancy (Vander Borght, etal.2018). It can cause significant distress,
stigma, and financial hardship, affecting people’s mental and psychosocial well-being (WHO,
2023).

Large numbers of people affected by infertility in their lifetime, according to a new report
published today by the World Health Organization (WHO). Around 17.5% of the adult
population — roughly 1 in 6 worldwide - experience infertility, showing the urgent need to
increase access to affordable, high-quality fertility care for those in need (WHO,2023).

The main causes of infertility: Male infertility is responsible for 20-30% of infertility cases,
while 20-35% are due to female infertility, and 25-40% are due to combined problems in both
parts (ESHRE, 2016; Chowdury , et al., 2017) .In 10-20% of cases, no cause is found. (ESHRE,
2016). The most common cause of female infertility are ovulation problems, usually manifested
by scanty or absent menstrual periods. (National Health Service, 2017).
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Figure 2.9 The major causes of infertility (ASRM, 2013 and Antony, et al., 2013).

Diagnosis of female infertility

Infertile couple should be evaluated by infertility specialist for any factor that may affect their
fertility to advise them about the possible causes of their infertility and to suggest a treatment
plan according to their problem (Murphy, et al., 2010). Couple may have many factors affect
their infertility; so, a full initial evaluation should be done to detect the most common causes of
infertility, if present (Hacker, et al., 2010).

Initial assessment should involve a full medical, social history, a physical examination and
initial medical tests, which include (Abdalla, 2011):

e Hormone profile: FSH, LH, Progesterone, Testosterone and Prolactin hormone should be
requested from all women complaining of subfertility (ASRM, 2013).

¢ Blood tests: Full blood count should be checked to confirm that the woman is not anemic
(ASRM, 2012a).

e Transvaginal ultrasound scan should done to identify fibroids or polyps. Other anatomical
uterine anomalies, such as a uterine septum, may also be seen (Barry, et al., 2012).

Seminal fluid analysis should also be done at this stage to confirm the male fertility (Abdalla,
2011).

Some patients are referred for further investigations such as tubal patency tests (figure2.10).
Ahystero-salpingography carried out when there are no recognized co morbidities like pelvic
inflammatory disease and previous ectopic pregnancy (Hacker, et al., 2010). A laparoscopy is
done if the woman had these co morbidities (ASRM, 2012 a).
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Figure (2.10): Assessment of infertile couple (Saner, 2011).

Treatment of female infertility
The treatment falls into three main types as shown in table 2.1):
1. Medical treatments.
2. Surgical treatments.
3. Assisted Reproductive Technology (NICE, 2013).

Medicine to improve fertility

Surgical treatments

Assisted reproductive technology

Anti-ocestrogens

Gonadotrophins

Pulsatile gonadotrophin-releasing hormone
Gonadotrophin-releasing hormone analogs
Dopamine agonists

Aromatase inhibitors (experimental)
Ovarian drilling

Fallopian tube surgery

Uterine surgery

Surgery for endometriosis

IUI (Intrauterine Insemination)

IVF (In Vitro Fertilisation)

GIFT (Gamete Intrafallopian Transfer) & ZIFT
(Zygote Intrafallopian Transfer)

ICSI (Intracytoplasmic Sperm Injection)
Donor insemination (eggs or sperm donation)
PGD (Pre implantation Genetic Diagnosis)
IVM (In Vitro Maturation)

Table 2.2 Infertility treatment (NICE, 2013).
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Assisted Reproductive Techniques (ART)

Assisted reproductive technologies (ART), by the American Center for Disease Control (CDC)
definition, are any fertility-related treatments in which eggs or embryos are
manipulated. Procedures where only sperm are manipulated, such as intrauterine inseminations,
are not considered under this definition. Additionally, procedures in which ovarian stimulation is
performed without a plan for egg retrieval are also excluded from the definition.

About one in six couples are affected by infertility and so assisted reproductive technology (ART)
Is used and needed by those couples.

After the use of ART, more than eight million children have been conceived (Adamsson, et al.
2015; ESHRE, 2019) and up to 6% of European birth cohort is conceived by ART (range between
0.2% and 6.4%) De Gegter, et al. 2018.

In vitro fertilization (IVF) and intra cytoplasmic sperm injection (ICSI) are both involved in
Assistant Reproductive Technique.

There are many indications for ART to expand because of either societal changes and increasing
desire and opportunity to preserve fertility. For example and for social reasons;

In a women wishing to improve their chance of conception at older age, or for medical reasons
such as preservation of eggs prior to cytotoxic anti-cancer therapy.

By the development of more efficient ovarian stimulation protocols, it was notice increasing in
the usage of ART. Example of more development ovarian stimulation, is modified Luteal support
after gonadotropin releasing hormone (GnRH) agonist triggers In gonadotropin releasing
hormone antagonist protocol (Humaidan, 2013) .With couples, who are, suffer from difficulties
in achieving conception, so they can used assisted reproductive technology to solve their
problems.

Any case performed with only ovarian stimulation but without plan for oocyte retrieval are also
being excluded from definition. (Meaghan Jain, Manvinder Singh, 2022).

In England in 1978, the first successful in vitro — fertilization treatment in human was performed.
The most common ART procedure is IVF and associated techniques such as intra cytoplasmic
sperm injection (Meaghan Jain, 2022).

By the American center for disease control (CDC) definition of assisted reproductive
technologies are the treatment of fertility — related conditions in which eggs or embryos are
manipulated.
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INDICATIONS:

e Male factor.

e ART most frequently performing procedures in-patient with tubal factors, in vitro fertilization
directly bypasses the fallopian tubes.

e UN explained causes of infertility.

e Secondary to infertility

¢ Diminished ovarian reserve.

e Ovarian failure.

e Ovulatory dysfunction. (Vav Eekelen, etal 2019).

In vitro fertilization is used also in persons who desire pre implantation genetic testing; ART can
be done and used before pregnancy. (Such as those known to be carriers of certain genetic
diseases)

Also prior to a gonado toxic therapy in fertility preservation, in couples planning to delay
conception, in female those in a stable relationship, can have a chance to freeze their oocytes or
embryos (Vav Eekelen, etal 2019).
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Figure2.11 A brief history of assisted reproductive technology (ART). Since the first live birth of an infant
conceived by in vitro fertilization (IVF), ARTs have continued to evolve and advance (Beal SA etal. 2012; Kamel
RM, 2013; Ombelet W, et al. 2015; Ashely M et al. 2017)
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Controlled ovarian stimulation

The first critical steps is controlled ovarian stimulation in most ART cycles , this step it is
essential step in ART cycles and It should be monitored , the aim of monitoring is to evaluated
the response of ovaries to gonadotropin hormone administration.

The first cases of IVF utilized a natural menstrual cycle where a single
oocyte was retrieved. Natural cycle IVF is still in practice. However, controlled stimulation of
the ovaries is now more commonly performed to maximize the number of oocytes gained per
cycle. The latter also offers a much higher chance of pregnancy success

The optimal dose and the time of gonadotropin hormone administration should determine, and
prevent over hyper stimulation of ovaries (OHSS). (Wikland and Hillensj6, 2017).Controlled
ovarian stimulation is consist of taking of exogenous gonadotropins hormone in order to stimulate
the growth of follicles.

Multiple agents and regimens exist for controlled ovarian stimulation. Selective estrogen
receptor modulators (SERM) like clomiphene citrate and tamoxifen are one such avenue for
this. Benefits of minimal stimulation protocols ("mini-IVF") utilizing SERMs include a
decreased risk of ovarian hyper stimulation syndrome and multifetal gestation. However, it also
results in a lower live birth rate (49% versus 63% birth rate between mini-IVF and conventional
IVF, respectively).

Injection of exogenous gonadotropins, as follicle-stimulating hormone and luteinizing hormone,
frequently used for controlled stimulation. It maximizes the number of developing follicles
during a single cycle. The following gonadotropin protocols are most popular currently (Zang,
etal 2016).

Beside the usage of the drugs that prevent ovulation by inhibition of the pituitary gland
Different drugs combinations might be used in COS, and these drugs vary according to the kinds
of drugs that have been used to suppress pituitary gland (for examples, gonadotropin — releasing
hormone {GnRH} agonist, antagonist) and ovarian stimulation (for example urinary or
recombinant gonadotrophins ( Melo, etal 2022).

Natural menstrual period had been used in the first cases of ART, where one egg was retrieved,
natural regime ART is still in practice.

While now in order to increase the quantity of eggs, which are gained by cycles, controlled
ovarian stimulation of the ovaries are now more commonly done.

For controlled ovarian stimulation, many drugs and protocols are used.

One of these drugs that have been used is selective estrogen receptors modulators (SERM) for
example clomiphene citrate.
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As a trial to decrease risk of ovarian hyper stimulation syndrome and multi fetal gestation , so
minimal stimulation protocols ( mini — IVF ) have been used SERMs, this is also result in a lower
live birth where it is about 49% in mini IVF while in conventional IVF is about 63% (Zang , etal
2016).

During only one cycle and to increase the developing follicles, it has been used exogenous
gonadotrophin hormone.

1.Gonadotropin releasing hormone (GnRH) antagonist protocol

GnRH anta acts through a competitive binding to pituitary GnRH recepters and thus suppress
gonadotropin secretion (Clayton, 1989). In contrast to GnRHa, suppression of gonadotropins
occurs immediately after administration of the antagonist .for this reason; in controlled ovarian
hyper stimulation GnRH anta administration can be limited to the period

with increased risk for premature LH surge, during the final stage of follicular
development(Hodgen,1996) so they do not suppress the endogenous intercycle rise in FSH, And
as a result , less exogenous FSH may be required in association with GnRH antagonist versus
agonist co- treatment (Macklon et al., 2006).

The antagonist may administer as single or multiple dose protocol. It is commenced normally
around day 6of gonadotropin stimulation or when the leading follicles are 12-14mm in diameter.it
is continue until the day oh HCG administration and appears to be as effective as the GnRHa
protocols in preventing premature LH surges.GnRH anta treatment has several advantages to
GnRHa treatment the required doses of gonadotropin will probably be lower (Olivennes et
al.,1994;Lindheim and Morales, 2003). Further more HCG administration for induction of
ovulation can be replaced by native GnRH or GnRHa, and luteal support might be un necessary
, both reducing the risk of the ovarian hyperstimulation syndrome(Emperair and Ruffie,1991).

Mixed gonadotropin medications are used through two types of injection, one with FSH activity

(Recombinant FSH) and one, which has both FSH and LH activity. The premature LH surge is
protected from occurring by a GnRH antagonist. These cycles can be started with menses after
normal baseline parameters are confirmed with ultrasound and normal hormonal levels of FSH
and estradiol levels. On many occasions, the cycle starts after pretreatment with oral
contraceptives for 2-4 weeks. (Zang, etal 2016).
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2. Gonadotropin releasing hormone agonist protocol

The use of GnRHa in COS is widespread. The initial stimulatory effect of GnRHa administration
on pituitary gonadotropin release followed by a down regulation of GnRH Receptors and
desensitization of gonadotropic cells, resulting in a suppression of gonadotropin secretion
(Clayton, 1989). The half-life of GnRHa is only a few hours and have a 100-200 times higher
binding affinity for GnRH receptor than does native molecules. The suppressive effect prevent
the occurrence of premature luteinizing hormone surge in ovarian stimulation.

Because of the initial stimulatory effect, GnRHa treatment is usually started prior to gonadotropin
treatment. In a frequently used stimulation protocol, the so-called long protocol, GnRHa
administration is started in the luteal phase of preceding cycle.This protocol is associated with
requirement of large doses of gonadotropin (Droessch et al., 1989). A retrospective study
comparing human embryo quality in the natural versus long GnRHa stimulated IVF cycle
revealed no difference in cleavage rates, development capacity(number of blastomeres) or degree
of fragmentation of embryo(Zeibe et al,2004). Additionally an excessive response to ovarian
stimulation was shown to have no negative impact on embryo quality as assessed by morphology
(Ng et al., 2003.2006).

Mixed gonadotropins are also used through two types of injection, one with FSH activity
(Recombinant FSH) and one with both FSH and LH activity. The premature LH surge is
protected from occurring by a GnRH agonist. The GnRH agonist is started in the luteal phase of
the cycle before the gonadotropins are started. When the gonadotropins are started, the dose of
the GnRH agonist is customarily halved until a trigger is given for final maturation before
egg retrieval. Pretreatment with oral contraceptives can also be used in these cycles

Transvaginal ultrasound monitoring is utilized to track the number and growth of follicles.
Serum lab testing is also performed, most frequently measuring estradiol (E2) levels to track
ovarian response. Once ovarian follicles are mature (typically when 2-3 follicles reach 18mm in
size), final maturation is artificially triggered via exogenous human chorionic gonadotropin
(hCG) or with a GnRH agonist administration. (Zang, etal 2016).

Intra- cytoplasmic sperm injection:

On April 1989 in Singapore, the first baby was born from gamete micromanipulation
(IVF.ICSI).later on ICSI technique was progressed by Giannpiero Palemo at the vriie universities
in the center for reproductive medicine directed by Paul Derroeq and Andre van steirteghen.
Really, this finding was a production of a mistake that was done accidently. ICSI technique was
done in 1987 at the first time in spite of that it passed only to pronuclear phase.
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While the first trial of active embryo was production, of many trials in 1990 but the last and
successful trial of ICSI, that was lead to activated embryo and birth took place on January 14,
1992 after conception that was done on April 1991. (Article Talk from Wikipedia, the free
encyclopedia).

One of the widely used fertilization method is intra cytoplasmic injection which is
micromanipulation procedure through there will be injection of one spermatozoon into the
cytoplasm of the oocyte by using a glass of micropipette. (Esteves, et al 2018).

In spite of the intra cytoplasmic sperm injection was a modification procedure of conventional in
vitro fertilization (IVVF) in order to defeat the sever infertility of males.

In the clinical practice ICSI was insinuate (introduced) in 1992 to defeat infertility of male factor
and it used in failure of conventional IVF conditions.

For the most causes of infertility, the ICSI procedure used throughout the word and ICSI usually
give a high pregnancy rate.

Many researches clarify that; the ICSI out comes could improve if the sperm selected for
microinjection examined under very high magnification for morphological characteristics. (Nagy
and Vanderzwalmen, 2018).

In ART, ICSI regarded as the familial procedure or laboratory method That have becoming used,
where it account about 70% of 2 — 8 million yearly ART cycles, according to global estimations.
(De Moazon, et al. 2020).By the procedure of ICSI, there will be fertilization of the egg when a
single sperm injected into interior of the egg (cytoplasm of egg) and by treatment with combining
enzyme by using micro dissection that is allow the mature eggs to be release from their
surrounding cells.

By using micromanipulation equipment, the eggs separately injected with only one sperm, these
injected eggs placed back in the seedbed (nursery or incubator) lab and as in IVVF, they are cared
with ICSI attacking protein of sperm and sperm antibodies that are found in blood, seminal fluid
or vaginal fluid can be treated. (ESCO Medical, 14 September 2012).

Egg Aspiration

Embryo Transfer

Figure 2.12 Intracytoplasmic sperm injection (SART, 2013).
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Fertilization rate increased through the ICSI procedure and fertilization failure decreased.
(Ferraretti, et al. 2017), about 15% of couples of reproductive age, sub fertility conditions have
been found among those groups of couples.

Micromanipulation of gamete, such as ICSI is very useful for treating couples with compromised
sperm parameters.

An alternative method of sperm selection has been described; under high magnification (over
6000x); the spermatozoa \ selected, and used for ICSI .This technique. Named intra cytoplasmic
selected sperm injection (IMSI), while among couples and through the ICSI procedure there is
theoretical potential to improve reproductive out comes among those couples whose undergoing
assisted reproduction techniques (ART). (Danielle and Teixeeira 2020).

Until the late 1970s, there were a few treatment options for couples where subfertility, found in
up to 15% of reproductive age.

About 20 — 30% of infertility conditions are compromised, semen parameters, at the least 30
million men worldwide are considered sub fertile. (Agarwal, 2015).

For ICSI, after sperm preparation, an optical magnification of 200x to 400x used to examine the
sample.

The best normal looking motile spermatozoa selected, according on their major morphology, and
then they have been taken and injected into the cytoplasm of the egg retrieved after controlled
ovarian stimulation.

Anyhow, pregnancy rates stay low that might need for more assert (justify) the research for fiction
(noval) interference as trial to improve out comes (Leicher, 2019).

Indications of intra cytoplasmic sperm injection

1. Male infertility

e There are many conditions and causes for male infertility like oligospermia, asthenospermia,
teratospermia, cryospermia, azoospermia, and the combination of diseases like
oligosthenozoospermia.

e An ejaculation or retrograde ejaculation, in this condition, the male sperm can be taken from
urine.

e Infectious disorders for example HIV or Hepatitis.

Beneficial semen study (valuable semen analysis): throughout the usage of chemotherapy and
radiotherapy and in the persons who are under go vasectomy semen might be frozen. (Marta
Barranqure Gomes, et al. 2022)

2. Female infertility

e Egg numbers is low.

¢ Egg that have a characteristic thickened zona pellucida.

e Follicular puncture having low quantity of egg ( Marta Barranqure Gomes, etal 2022)
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3. Other indications

¢ Breeding defeat (fertilization failure).

e Defeat of last trial or cycle of IVF.

e Defeat of last artificial insemination (Al).

e Immunological sterility due to anti sperm antibodies.

e Rescue microinjection for fertilization after conventional 1VF.

¢ Pre implantation genetic diseases is be performed.

e \When donor oocytes or sperms are used.

e In the devitrification of oocytes. (Marta Barranqure Gomes , et al. 2022)

Factors affecting outcome of ICSI

Some factors that affect outcome of ICSI are:

1. Female age: One of the most important factor that determine of spontaneous conception and
treatment related conception is female age (Maheshwari, et al., 2008). Fertility begins to decrease
greatly at late 30s and early 40s (ASRM, 2014).

2. Number of treatment cycles: Researchers found that the chance of a live birth after IVF is
dependable for the first three cycles of treatment, but that the success rate after three cycles is
less certain (Martin-Johnston, et al., 2009).

3. Smoking: Smoking has a negative effect on I\VVF outcome, the zona pellucida become thicker,
made it difficult for sperm to penetrate the oocyte , make the fertilization more difficult
(Klonoff,2005).

4. Weight: Obesity is linked with declined pregnancy rates (Maheshwari et al., 2007and Chu, et
al., 2008). Treatment efficacy and outcomes of ART affected negatively with increase weight
(Sloboda, et al., 2010). The best BMI between 19 — 30 kg / m? before starting ART, outside this
range, the likelihood of the ART success is reduced (NCC WCH, 2004).

5. Stress (anxiety/depression): Some researchers found that anxiety and depression had no effect
on pregnancy rates of a first ART treatment (Lintsen, et al., 2009).Others found significant
association between depression/anxiety and pregnancy rate after ART (Sohraband, et al., 2008).
The recent research in the field of infertility focused on the free radicals, which suspected to be
one of the major factors that affect ART success.

Risks and adverse effects associated with ART

Most common adverse effects associated with ART are (Permuth-Wey and Sellers, 2009 a Salehi,
et al., 2008):

e Multiple pregnancies

e Ovarian hyperstimulation syndrome (OHSS)

e Ectopic pregnancies
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e Ovarian cancer
e Other cancers like breast, endometrium and cervix has not been recognized (NCC WHC, 2004).
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Materials and Methods
3.1. Population: Patient groups

This study was prospective cohort study, which carried out on sixty infertile women aged
between 22-45 years (5.81£2.76), referred to the Fertility center in Al-Sadder Teaching medical
city and underwent intracytoplasmic sperm injection throughout the period from August 2022 to
April 2023.

3.2. Calculation of ovarian response prediction index (OPRI):

The ovarian response prediction index values were measured by multiplying the AMH (ng/ml)
serum level by the number of the antral follicles of (2-9mm) and then the result was divided by
the age of the subjects (years), this is consider as a definition of ovarian response prediction index
which clarify that the ovarian response to the stimulation had a positive correlation between the
OPRI and the AMH serum level and the number of antral follicles; while OPRI was negatively
correlated with the subjects age.

The PORI defined by the following equation: OPRI = {AMH (ng/ml) *AFC}/ subjects age (year).

The measured result and value of OPRI was not influenced by the regimen of treatment that have
been choose during the ICSI cycle which was used for the induction of ovulation also the values
was not influenced by the dose of the gonadotropin

3.3 Ethical Approval

This study approved by medical ethical committee of college of Medicine, University of Babylon,
under reference no. 1-1 in 30-6-2022. All subjects involved in this work have been informed,
verbal agreement have been obtained from each participants before the enrollment

Female were asked about their gynecological and medical history; underwent complete medical
examination; height and weight measurements. Gynecological examination was performed; cycle
day 2 (CD2) vaginal ultrasound (U/S) for AFC and blood tests for FSH. LH, AMH, estradiol
(E2), serum prolactin and thyroid function test.

Below down figure 3.1 which contain the full standard questionnaire for evaluation of the 60
couples.
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(Evaluation of the pateint)

(Female Name: Case No. :
Age: Education:

Liwe in: urbam rural

Her Husband: Age: work place:
Smoking:

M.C. History:

Age of menarche:

Regularity Yes No

Duration:

Days of bleeding: Amount of bleeding:
Dwysmenorrhea: Yes No

Subfertility History:
Type: primanry secondary
Duration of subfertility:
Cause if diagnosed:
Does her husband hawve children from another wife? Yes
Medical History:
Genital tract infection:
Surgical History:
Examination (Female):
Wt Height BMI

Investigations: AMH, AFC
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3.4 Baseline assessment

All women were asked to be seen at cycle day 2 or 3 of their menstrual cycle to evaluate their
fitness for ICSI program.

patient information was documented in details, including age, , duration of infertility, types of
infertility, residence, family history, drug history , smoking habit , menstruation history, previous
infertility treatments and outcomes ,previous pregnancies and outcome and body mass index
(BMI).

Calculating your body mass index (BMI) involves using a simple formula with your weight (in
pounds or kilograms) and height (in inches or meters).

Metric Formula: weight (kg) / height (m2)
(kilograms,
meters) The formula for BMI is weight in kilograms (kg) divided by height in

meters squared (m?). ( Bailey, 2023)

Severely underweight - BMI less than 16.5kg/m”2

Underweight - BMI under 18.5 kg/m”2

Normal weight - BMI greater than or equal to 18.5 to 24.9 kg/m”2
Overweight — BMI greater than or equal to 25 to 29.9 kg/m”2
Obesity — BMI greater than or equal to 30 kg/m”2

(Weir ,2023)

Vaginal ultrasound scan is performed by the gynecologist of the center using real time ultrasound
devise (MediSON,Serial number: A63505300001709.Sonar type: SAS000). Using vaginal probe
(5-7MHZ). The scan used to check the uterus, ovaries and surrounded structures.

Blood sample usually taken from female partner at day 2 or 3 to measure hormone levels such

as estradiol, FSH, prolactin LH, and AMH, to assess ovarian reserve. The levels of these
hormones may give a predictable idea about the response to ovulation stimulation drugs. Also,
blood test from both the male and female partners for routine screening tests including HIV ,
hepatitis B and hepatitis C, unless presence of a copy of the results from an qualified lab and is
no more than 12 months old.
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3.5 Selection criteria:
Inclusion:

1. Both ovaries are normal and visible on ultrasound

2. The cause of infertility is either unexplained or tubal factor infertility.

3. Female are with normal ovulation.

4. Screening test for hepatitis B&C as well as for HIV proved to be negative.
5. Male partner with normal semen analysis according to WHO 2010.

The exclusion criteria were:

1. Sever endometriosis.

2. History of ovarian surgery.

3. Endocrine disorders include pcos.

4. Presence of ovarian cyst that assessed by the usage of trans-vaginal ultrasound.

Once the couples have been screened and found to be eligible according to our selection criteria,
they were randomized with the designed programme.
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Table 3.1 :The apparatus used in this study.

Instrumental Supplied Company
Automatic Pipette Thermoscientific , USA
Universal 16 A, German
Centrifuge
KOKUSAN
HERA,USA

CO2 incubator
Galaxy HIS, New Brunswick

Digital camera Canon IXUS 11015, Japan

Olympus Optical Co Ltd., Japan
Dissecting microscope

SZ *10
Distillator Bibby science(England)
Electrocardiograph Germany
Electronic balance Sartorius(Germany)
RI, UK
EZ-strip pipette
GYNETICS

Holding pipette and for Injecting Cook. Australia

needle

ICSI dish Falcon,USA

Inverted microscope Olympus Optical Co Ltd., Japan
IVVF work station K-system ,UK

Laminar air flow hood Gelman instrument, Germany
Modified Sphygmomanometer Germany

PH-meter Jenway,Germany
Spectrophotometer Apel (Japan)
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Spectrophotometer, Cecil 101l (UV-

visible) Spectronic 303,Milton Roy(USA)

HERACELL CO2 incubator Thermoscientific , USA

Micromanipulator Integra INTEGRA TI

Light Microscope GENEX

Nunc IVF Dish Thermoscientific , USA

Nunc IVF Multi Dish Thermoscientific , USA

Four Wail Nuclon Thermoscientific , USA

Nunc IVF Petri dish Thermoscientific , USA

INER TUERCUIN CODAN

Follicle-puncture-system(Double
lumen and single lumen)

REPROLINE

Embryo Transfer Catheter GYNETICS

ICSI Injection Pipettes SUNLIGHT

Holding Pipette SUNLIGHT

Round Bottom Nunc Tube Thermoscientific , USA

Nunc IVF Centrifuge tube Thermoscientific , USA

ERA-20 Centrifuge HETICH

Mini Vidas Biomerieux

Vaginal ultrasound MediSON
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3.2 Methods

3.2.1 Controlled ovarian stimulation protocol and intracytoplasmic sperm
injection procedure

Controlled ovarian stimulation:

All of these women underwent ovulation induction with either long (N=1) or short (N=59)
protocols based on timing, hormonal conditions and ovarian reserve status of the women on the
discretion of the clinician.

Gonadotrophins are administered by using of the one of following regimes or protocols according
to patient result:

According to its initiation and duration , GnRH analog use was divided into three protocol: the
long ,which was the best for suppression of endogenous , high tonic LH levels ,especially in
polycystic syndrome and normo gonadotropic patients, And the short and ultra-short protocols
which were mainly used in poorresponder to ovarian stimulation treatment , older or
hypergonadotropic patients with ovarian failure .(Macklon et al., 2006)

Table 3.2 Drugs use in the study

Drug Name Dosage Company
Menopure (HMG) 751U S.C or IM , 1 vial contains | FERRING Gmbh
HMG corresponding to 75iu FSH | Wittiand 11, D-24109
and 75iu LH( Kiel, Germany
Merional 751U S.Cor IM IBSA institute
biochimique SA
Swtzeland
Folisurge(Follitropin | Recombninat Human  Follicle | INTAS India
ALFA) Stimulating Hormone 75 1U LG Chem Korea
Pregnat HCG 5000 1U SKY PHARM LTD.
S.CorIM London- UK.
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e The Long protocol: protocol has used for patient with high FSH, LH or E; levels or has
endometrial thickness more than 5mm on day 2 of cycle. A single shot of Decapeptyl, Depot 3.75
mg/ampule, can be given on the 21% day of the previous cycle. Then a blood test for FSH, LH
and estradiol hormones may be made on the 2" or 3" day of the next cycle or after 10-14 day of
injection to confirm suppression.

Table 3.2: Drugs use in COS treatment

e The short protocol: If the hormones level were normal; FSH < 10 MIU/ml, LH <8 MIU/ml
and E2 < 50 pg/ml, the treatment will started on 2" or 3" day of cycle.

The Gonadotrophins are initiated from 3" day of the menstrual cycle. Stimulation is started with
one of the following drugs: HMG (Pergonal®, Menogon®) ; FSH (Follitropin® ) or Recombinant
FSH (Gonal F® ;Puregon®) ; and is continued in our patients for 8 to 21 days ( median = 13
days), till the ovulating dose of HCG is given as Recombinant hCG (Ovitrelle® or pregnyl®).The
dosage differs, depending on the age of the patient, and the response to stimulation.

During this period, the treatment cycle was monitored for checking the developing follicles and
endometrial thickness by vaginal ultrasound and adjusting the dose of the drugs if required and
finally timing the HCG injection. On average, the patients in our study need attend to the clinic
for 4-12 visits (median = six visits).

When the ultrasound scan indicates a reasonable number of follicles and the diameter of the chief
follicles is larger than 18 mm. In addition, the endometrium is of good thickness and quality. The
estrogen levels (500 — 3000 pg/ml) correspond to the number of growing follicle. Both the GnRh
agonist and the FSH/hMG injections were stopped and human chorionic gonadotropin (hCG) is
given in a dose of 5000-10000 IU.

3.2.1.2 Sperm retrieval and Preparation

Semen specimen was obtained by masturbation after 3-5 days of sexual abstinence at day of
pickup in a labeled standard sterile disposable plastic container.

Semen analysis carried out by contrast microscope. Sperm characteristics were assessed
according to World Health Organization criteria (WHO, 2010).
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WHO 2010 WHO 2021

Semen volume (mL) 1.5(14-1.7) 1.4(1.3-1.5)
Total sperm number (10° per ejaculate) 39 (33-46) 39 (35-40)
Total motility (%) 40 (38-42) 42 (40-43)
Progressive motility (%) 32 (31-34) 30(29-31)
Non-progressive motility (%) 1 1(1-1)
Immotile sperm (%) 22 20 (19-20)
Vitality (%) 58 (55-63) 54 (50-56)
Normal forms (%) 4 (3-4) 4 (3.9-4)

Table 3.3. WHO 2010 (5th Edition) and WHO 2021 (6th Edition) lower fifth percentile (with 95% confidence
interval) of semen parameters from men in couples starting a pregnancy within one year of unprotected sexual
intercourse leading to a natural conception. (Boitrelle, et al., 2021).

Semen analysis is carried out by contrast microscope. Sperm preparation involves washing and
incubation of the sperm in culture fluid by swim up from pellet.

Swim-up of Sperm from Pellet

1. Liquefaction of specimen for 30-60 min. in the incubator at 37°C before processing.
2. Mixing of semen sample by pipetting for much time.

3. Transfer 1-2 ml of the specimen (or all sample for oligozoospermia) from the plastic cup to a

sterile centrifuge conical tube (15 ml).

4. Addition of an equal volume of media 1:1 to the liquefied sample.

5. Centrifuge the conical tubes at 2500 rpm for up to 10 minutes.

6. The supernatant was discarded carefully without disturbing the underlying pellet.

7. Layering the pellet gently in 0.5 ml of fresh media and incubate the tube for 30 min-lhr at 45°
angle vertical rack for sperm swim-up. The uppermost layer of the medium usually gathered for
UL

8. Checking of the count, morphology and progressive motility by
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Examining a small (10 microliter) drop under a light microscope after
Spreading on a glass slide and covered by (22x22 mm) a coverslip

This method can help removal of chemicals (prostaglandins) that can cause uterine contraction
and cramp. Also, it can help to remove sexually transmitted viruses, such as HIV and hepatitis,
which could be transmitted to the woman during fertility treatment also help to remove cellular
depress , round dead or gelatinous material to obtain active motile sperm which will be used for
ICSI (Bausenwein and Sigman 2014).

3.2.1.3 Oocyte retrieval and preparation
Oocyte retrieval procedures are performed approximately 36 hours after HCG injection.

The oocyte retrieval done under a mild anesthetic. It was done under ultrasound guidance,
by insertion a thin needle into each follicle and the follicular fluid is aspirated by applying gentle
suction. This fluid is passed on to the laboratory where it is examined under a microscope by an
embryologist in order to identify the oocytes.

After denudation, embryologist in the inverted microscope scores the oocytes and their
maturation stages are noted. Intracytoplasmic sperm injection is carried out on all
morphologically intact oocytes that have extruded the first polar body (metaphase Il (MII)).
Immature oocytes that include germinal vesicle (GV) and metaphase | (MI) were not injected.

Germinal vesicle (GV). Metaphase | (MI) Metaphase 11 (MII)

Figure (3.2): Stage of oocyte maturation.

42


http://www.ncbi.nlm.nih.gov/pubmed?term=Sigman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24286775

3.2.1.4 Intracytoplasmic sperm injection

The oocyte was stabilized with a holder micropipette and injected with injection micropipette
under an inverted microscope. Motile spermatozoa were initially immobilized by injection
micropipette. The individual sperm cell was aspirate and directly injected in to the oocyte
cytoplasm (Rao, 2014). The polar body was held at six or twelve o'clock position, then, all
injected oocytes were transferred to culture dish in culture media (FertiCultTM) covered by
mineral oil and incubated at (37°C, 6% CO,).

3.2.1.5 Assessment of Fertilization and Embryo Development a quality

Fertilization results were assessed 16—18 hours after ICSI. The first signs of fertilization is the
development of two round bodies in the center of the egg (presence of two pronuclei (2 PN)),
after that, the two pronuclei were join, forming one nucleus of 46 chromosomes.

The fertilization rate (FR) was defined as the ratio between the numbers of diploid zygotes to
the number of injected mature oocytes (Al-Taee, et al. 2014).

FR= (NO. of 2PN on day one / Whole NO. of oocytes injected) x100

Early cleavage was evaluated hours after ICSI and embryo cleavage was assessed after a 24 hours
culture. The cleavage rate (CR) was defined as the ratio between the numbers of embryo to the
number of diploid zygotes (Al-Taee, et al. 2014).

CR = (NO. of cleaved embryos on day / Total NO. of 2PN) x100.

During further embryo development (day 2, and 3 post injection), the embryo quality was
evaluated, according to their percentage fragmentation. In our lab, embryologist classify embryos
into grades 1 through 4 (Hazlet, 2011 and Al-Taee, et al. 2014). Grade 1 represents the best
quality embryos as shown in table (3.4).

Grade | Cells are of equal size; no fragmentation seen

Grade Il Cells are of equal size; minor fragmentation only (1-20%)

Cells are of unequal size; no fragmentation to moderate fragmentation (21 -
50%)

Cells are of equal or unequal size; fragmentation is moderate to heavy (over
50%).

Table (3.4): Embryo grading (Hazlet, 2011).

Grade 111

Grade 1V
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Fertilization rates, oocyte cleavage rates, numbers of available embryos, embryo grading
and number of transferred embryos were done by expert Gynecologist and embryologist.

Figure (3.3): Embryo grading.

3.2.1.6. Embryo Transfer

Embryologist before embryo transfer (ET) assessed embryo quality. ET is the procedure during
which one or more selected embryos are non-surgically transferred to the uterus under ultrasound
guidance. Embryo transfer is most commonly done on the second or third day after oocyte
collection depending on individual circumstances.

3.2.1.7 Pregnancy Evaluation

On the fourteenth day of embryo transfer serum - HCG was performed to confirm pregnancy.
By that time, pregnancy rate (PR) is stated. All pregnancies reported were, therefore, biochemical
pregnancies while clinical pregnancy was confirmed with ultra-sonographic visualization of
gestational sac (Al-Taee. et al.. 2014).

NO. Of pregnant ladies after ICSI
PR = mm o x 100%
Total NO. Of patients who underwent ICSI
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3.2.2 Collection of blood
3.2.2.1 Collection of blood and serum preparation

About 5 ml of venous blood for specific test of markers was collected by vein puncture using 5ml
disposable syringes. Blood samples were put in plain tubes and allowed to clot, then separated
by centrifugation 5-10 minutes at 1000xg - 2000xg (Bishop ,et al.,2000). The ELISA kit that
was used the Sandwich-ELISA principle and the catalog No. of the kit is E-TSEL-H0018.

Product size: 96T/48T/24T96T Elabscience Quickey Human AMH (Anti-Mullerian Hormone)
ELISA Kit

3.3. Statistical Analysis:

All statistical analyses were performed using Statistical package for science SPSS software,
version 23 (SPSS, IBM Company, Chicago, IL 60606, USA).

For continuous data mean £SD were used, for categorical data we used number or percentage.
An independent sample student t- test was used for comparing parameters between groups. For
categorical values, Chi square test was used.

The Binary logistic regression analysis for pregnant against non-pregnant group was done to get
odds ratio. ROC curve was used to detect cutoff value with sensitivity and specificity of ORPI.
P value < 0.05 was considered statically significant (Dnial, 1999).Continuous variables were

expressed as mean SD and ranges. Categorical variables as percentage

Bivariate analysis (Pearson correlation coefficient) test was used to test the degree of association
between OPRI and ICSI outcome (no. oocyte, no. MlIl, no. embryo).
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THE RESULTS

Demographic characteristics of the studied groups:
There were 60 women involved in this study their demographic characteristics shown in (table

1) .Most of them lived in urban area (70%). 65% of them had primary infertility and 35% of them

had secondary infertility.

Table 4.1: Demographic characteristics of the studied groups

Studied group(60
Variable group(60)
No. %
Rural 18 30
Address Urban |42 70
T finfertilit Primary |39 65
ype ot Infertiiity Secondary | 21 35
Duration of infertility (years) 5.81+2.76
Age (Mean £SD) years 29.75£3.91
BMI (kg/m?) 24.18+2.83

BMI (body mass index)

Hormonal level at day 2 or 3 of MC was measured and showed in table 2.
Table 4.2: Hormonal level at day 2 of Menstrual cycle of the studied groups (No. =60)

Hormones Mean +SD

FSH (mIU/mL) 7.32+1.46

LH (1U/L) 4.90+1.22

Prolactin (ng/mL) 19.11+5.55

E2 (pg/mL) 44.63+£10.40
*AMH (ng/mL) 3.64+1.22

TSH (ng/mL) 2.14+0.63

FSH (follicle stimulating hormone) , LH (luteinizing hormone) , E2 (estradiol) , AMH (anti-mullerian hormone)

TSH (thyroid stimulating hormone) , MC (Menstrual cycle)
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Type of treatment protocol in studied group:

All patients undergo ICSI program were taken ovarian stimulation treatment and the type of

protocol was shown in table 3. Most of them underwent antagonist protocol (71.67%).

Table 4.3: Type of protocol in studied group (No. =60)

Protocol No. %
Agonist 16 26.67
Antagonist 43 71.67
Prolong 1 1.66

ORPI of studied group:

The ORPI of studied group was shown in table 4. The mean of ORPI was 1.82+

1.14. Most of them had ORPI between one and three.
Table 4.4: The ORPI of studied group (No. =60)

ORPI No. %

<1 19 31.67

1-<2 27 45

2-3 12 20

>3 2 3.33
60 100%
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ICSI outcome:

The ICSI outcome of oocyte number, MIlI number, embryo number and embryo transferee
number as mean £SD was shown in table 5.

Table 4.5: ICSI out come in studied group (No. =60)

ICSI out come Mean +SD
Oocyte No. 11.03+6.02
MII No. 9.10£5.76
Embryo No. 5.73+3.78
Embryo transferee No. 2.00+0.63

MII =Meta phase Il

The pregnancy rate of the studied group was 33.33% as shown in figure 1.

B Pregnant

Non pregnant

Figure 4.1: The pregnancy rate of the studied group (No. = 60)
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Demographic characteristics of the pregnant and non-pregnant women:

The demographic characteristics of the pregnant and non-pregnant women was shown in table
6.4 There were insignificant difference between pregnant and non-pregnant women regarding

age, BMI, type of infertility, duration of infertility and address (P>0.05).

Table 4.6: Demographic characteristics of the pregnant and non-pregnant women (studied group no. =60

Variable Pregnant Non P
(20) pregnant value
(40)
No. |% No. | %
Address Rural 9 45 9 |[225 0.069
Urban 11 55 31 | 775
Type of infertility | Primary 11 55 28 |70 0.194
Secondary 9 45 12 |30
Duration of infertility (years) (Mean |5.75+2.88 5.91+2.67 0.87
+SD)
Age (Mean £SD) years 29.78+£3.05 |29.70+5.33 |0.20
BMI (kg/m2) (Mean +SD) 23.85+2.72 |24.85+2.99 |0.94

BMI = Body Mass Index
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Hormonal level at day 2 of menstrual cycle of the pregnant and non-pregnant

women.

Hormonal level at day 2 or 3 of MC was measured and showed in table 7 , AMH was
significantly higher in Pregnant women than non-pregnant group, (P value <0.05).

Table 4.7: Hormonal level at day 2 of menstrual cycle of the pregnant and non-pregnant women

Hormones Non pregnant Pregnant P value
(40) (20)

FSH (mIU/mL) 6.94+1.62 7.51+1.36 0.15
LH (IU/L) 5.24+1.48 4.73+1.04 0.13
Prolactin (ng/mL) 18.26+5.25 19.54+5.72 0.41
AMH (ng/mL) 1.41+0.50 3.35+1.10 0.001
E2 (pg/mL) 43.27+11.19 45.31+10.06 0.47
TSH (ng/mL) 2.07+0.75 2.18+0.57 0.53

*P value<0.05 was significant

LH (luteinizing hormone) E2 (estradiol) , AMH (anti-mullerian hormone) |,

MC (Menstrual cycle).

FSH (follicle stimulating hormone)
TSH (thyroid stimulating hormone)
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Type of protocol of the pregnant and non-pregnant women:

The type of protocol of the pregnant and non-pregnant women was shown in table 8. There was
insignificant difference between pregnant and non-pregnant group, (P value >0.05).

Table 4.8: Type of protocol in of the pregnant and non-pregnant women (studied group no. =60)

Protocol Pregnant Non pregnant P value
20 40
No. % No. %
Agonist 3 15 13 21.67 0.54
Antagonist 16 80 27 78.33
Prolong 1 5 0 0

Type of protocol in of the pregnant and non-pregnant women

ORPI of the pregnant and non-pregnant women:

The ORPI of the pregnant and non-pregnant women was shown in table 9. ORPI was significantly

higher in Pregnant women than non-pregnant group, (P value <0).
Table 4.9: The ORPI of the pregnant and non-pregnant women (studied group no. =60)

OPRI Pregnant Non pregnant P value
20 40
No. % No. %
<1 1 18 0.01
5 30
1-<2 10 50 17 28.33
2-3 8 40 4 6.67
>3 1 5 1 1.67
Mean £SD 2.54+0.60 0.98+0.32 0.001
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ICSI out come in the pregnant and non-pregnant women:

The oocyte, MII, number of embryo and embryo transfer had insignificant difference between
the pregnant and non-pregnant women (P value >0.05) as shown in table 10.

Table 4.10: ICSI out come in the pregnant and non-pregnant women (studied group no. =60)

ICSI out come non P value
Pregnant
pregnant
(20)
(40)
Oocyte No. 9.10+5.62 12.00+6.05 0.07
MII No. 8.35+6.25 9.48+5.55 0.48
Embryo No. 5.45+3.66 5.88+3.87 0.68
Embryo transferee No. 1.80£0.76 2.10£0.54 0.08

M1 =Meta phase |1

ICSI= Intra Cytoplasmic Sperm Injection
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Figure 2, figure 3 and figure 4 shows the correlation between ORPI and MII number, embryo
number and number of embryo transfer ,there were insignificant positive correlation between
ORPI level with MIl, embryo number and number of embryo transfer (r=0.144 , p=0.273 ;

r=0.058,p0.658 and r=0.176 ,p0.179)
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Figure 4.2: The correlation between ORPI and Ml
ORPI =Ovarian Reserve Prediction Index
MII =Meta phase Il
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Figure 4.3: The correlation between ORPI and embryo number
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Figure 4.4: The correlation between ORPI and number of embryo transfer
ORPI =Ovarian Reserve Prediction Index
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Binary logistic regression analysis was done to assess the prognostic effect of ORPI of Pregnant
women compared to non-pregnant group as reference group

as shown in table 5 ,where AMH , AFC and BMI appeared to be significant affecting factor of
ORPI, however, the higher odds ratio (OR) reported with AMH (Odds ratio = 2.72) and a
significant ratio for AFC (odds ratio=2.34). Women with higher AMH, AFC and lower BMI
more likely to have higher ORPI.

Table 4.11: Binary logistic regression analysis done to assess the prognostic effect of ORPI of Pregnant
women compared to non-pregnant group as reference group

PREGNANT | P value | Odds ratio | 95% Confidence Interval for odds ratio
Lower Bound Upper Bound

Age 142 0.825307 0.12 0.91
*BMI .047 0.772 0.595 0.99
Duration 0.051 0.88 0.7808 0.97
*AMH 0.004 2.72 0.9996 3.56
*MI|I 0.010 1.85 0.722 4.13
*AFC 0.03 2.341 0.85 5.43
*Embryo N. | 0.012 1.93 0.8731 2.34
EmbryoT. | 0.117 0.93 0.7067 1.40
*Qocyte 0.015 1.92 0.404 2.37

*P value<0.05 was significant
FSH (follicle stimulating hormone) , LH (luteinizing hormone), E2 (estradiol) , AMH (anti-mullerian hormone) , TSH

(thyroid stimulating hormone) , ORPI =Ovarian Reserve Prediction Index , MII =Meta phase Il , BMI = Body Mass
Index , AFC =Antra Follicle Count
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Binary logistic regression analysis for measurement of the effect of baseline parameters and
ICSI outcome in pregnant women compared to non-pregnant women as dependent variable.

Sensitivity

T
0.4

T
oG o8

1 - Specificity

AUC | Cutoff value | Sensitivity | Specificity | Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
1.00 | 2 97% 100 1.000 1.000

Figure 4.5: Receiver Operating Characteristics (ROC) curve analysis was done to ass assess the validity of ORPI in prediction
of ICSI success rate

ICSI= Intra Cytoplasmic Sperm Injection
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DISCUSSION:

The advantage of combined use of more than one ovarian reserve tests to predict ovarian response
more than the usage of any one of them alone have an accurate and ideal prognostication of
ovarian response. (Haritha, 2020).

The aim of the present study was to explore the evaluative effectiveness ovarian response
prediction index (ORPI) to determine ICSI outcome.

This research enrolled 60 infertile women who had undergone intracytoplasmic sperm injection
treatments

The female have demographic characteristic and hormonal profile of study group summarized in
Table (1) and (2).

Age of women was with mean age of (29.75+3.91) year; these women are still with safe zone of
infertility. However even women with same age group might have different ovarian response to
controlled ovarian stimulation (Muttukrishma, 2005)

The ovary, the key organ that maintains female reproductive and endocrine function, enters aging
earlier and faster than other organs and attracted extensive attention from society. Ovarian aging
mainly characterized by the progressive decline in the number and quality of oocytes, the
regulatory mechanisms of which have yet to be systematically elucidated (Jiachen, et al., 2022).

Body mass index of women of the current study was (24.18+2.83) kg/ m? this body mass index
Is with in normal weight category according to WHO criteria of obesity. (Weir, 2023)

In recent issue by Kloos in September 2022 as a letter to the editor in The Journal of Clinical
Endocrinology & Metabolism, he concluded that: whether obesity lowers AMH levels is still
controversial, as he marginalized within the publication. (Kloos, 2022)

The mean duration of infertility period in our study was (6.14+1.59) years and primary infertility
was the most common type, which similar to results concluded by Ali, et al., 2018

During the study period, each patient was subjected to an individualized COS protocol according
to ovarian reserve testing and other characteristics. A GnRH agonist or antagonist give to prevent
the premature spike of LH that would induce ovulation (Fleming, et al., 2015).

Table (4.3) illustrated the ovarian stimulation protocol of our patients, most of them (71.67%)
underwent Antagonist protocol, while (26.67%) of them underwent agonist
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protocol and (1.66%) prolong protocol. The chosen protocol was individualized according to the
age, AMH and AFC (Warlin et al, 2020; Yaxin et al., 2021).

Women with normal AFC and low AMH may benefit from the GnRH-an ultra-long protocol.
Nevertheless, for women with normal AMH and low AFC, the long GnRH-a protocol seems to
be associated with better clinical outcomes (Yaxin et al., 2021).

Others concluded that flexible GnRH antagonist protocol might not be suitable for patient with
low ovarian reverse AFC less than seven or patient aged over 40 years. However, flexible GnRH
antagonist protocol might be strongly recommended for patients under 30 years and with ovarian
reverse AFC more than 24. For the rest group of patients in their study, antagonist protocol was
slightly favored because it had low OHSS in general. (Warlin and his colleges’, 2020).

Table (4.4) demonstrates the ORPI of studied group, which show the mean of ORPI (1.82+1.14).
Most (65 %) of them had ORPI between one and three.

ORPI is the combination of age of the woman, AMH and AFC and ORPI proposed to be a more
reliable indicator of ovarian response. Previous studies have suggested that ORPI is a more
precise index of ovarian response than each of the constituent parameters alone (Ashrafi, et al.,
2017).The result of the present study near the results get by Gupta, he found that mean ORPI was
(1.34£1.41) (Gupta 2023).

ICSI outcomes regarding total number of oocytes retrieved, no. of MII oocytes, no. of embryo
and no. of embryo transferred is illustrated in (table 4.5). The results of the present study are near
the results get by Gupta, 2023.

Drakopoloulos, et al., stated that the number of oocytes obtained after OS is a vital cornerstone
of ART as an independent indicator of the probability of pregnancy, (Drakopoloulos, et al., 2016).

The pregnancy rate of the studied group was (33.33%), (figure 4.1). An Iraqi study at the fertility
center in AL-Najaf province at AL-Sadder medical city, had found that clinical pregnancy rate
following an ICSI procedure was 23.4%, which was less than that of present study (Hussain SS
et al, 2018). Ahmeid, 2015 found that the pregnancy rate in Baghdad IVF fertility center
following I1CSI was 20.4 %. AL-Zawea and AL. Mossa, 2021, found that the rate of clinical
pregnancy was 46.7 % However, a pregnancy rate of (51 %) was recorded by some Iraqi authors
in a study carried out at out at the High institute for infertility diagnosis and Assisted
Reproductive technologies/AL-Nahrain University and Specialist Fertility Department/ Al-
Bonook hospital (Fadhil et al., 2017)
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In nearby countries (Iran), the successful clinical pregnancy rate following ART's has ranged
from (21.5 to 33.9 %) (Ashrafi et al., 2013) indicating that the rate of positive clinical pregnancy
in the current study is one of the best an achieved rates. However, in a number of fertility centers
in the United States, the rate of positive clinical pregnancy has reached relatively high level
between (43.9 % and 54.2 %) (Zagadailov et al., 2017). These controversies in the results of
pregnancy rate are attributed to many factors of these: age of female, baseline ovarian reserve
parameters, protocol used for ovarian stimulation and o also, this difference related to the fact
that that their study done in more than one ART center.

Table (4.6) showed that no significant difference between pregnant and non-pregnant women
with their type of infertility, duration of infertility, address that was agreement with other study
get by Ashrafi , et al., 2013.

Table (4.7) There was a significant difference between pregnant and non-pregnant women with
their AMH level, which was compatible with other study, which indicated that AMH could also
independently predict pregnancy outcomes (Zhao et al., 2021).

Several studies (Tobler, et al. 2015); (Peluso, et al. 2014); (Sahmay et al. 2014); (Brodin et al.
2015). Have revealed that age, antral follicle count (AFC), and serum anti-Mdllerian

Hormone (AMH) levels reflect the ovarian reserve admittedly, so these factors are considered
valuable predictors of the ovarian response to exogenous gonadotrophins. Furthermore, debate
exists regarding whether a single parameter or a combined index

Moreover, using AMH, AFC, and age together constituted a new model for predicting poor or
excessive ovarian response.

The significantly higher OPRI in pregnant than in non- pregnant women is shown in (table 4.9).
Our result is similar to that of Oliveira et al., who first innovate ORPI to assess ovarian response.
He stated that ORPI exhibited an excellent ability to predict poor or excessive ovarian response,
a collection of greater than or equal to four metaphase Il oocytes and the occurrence of pregnancy
in pregnancy in infertile women (Oliveira et al., 2012).

In addition, he recommended the use of ORPI to improve the cost-benefit ratio of ovarian
stimulation regimens by guiding the selection of medications and by modulating the doses and
regimens according to the actual needs of the patients.

Zhou et al.2020, in their study where they compare different ovarian reserve parameters
including OPRI, to evaluate their effectiveness in predicting ovarian response , he agreed that the
evaluative effectiveness of a combined index exceeded that of a single parameter for evaluating
the ovarian reserve and response of infertile women.

Table (4.10) show the ICSI out come in the pregnant and non-pregnant women, there were no
significant difference between them .In compare to other study that showed statistically
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Significant differences between pregnant and non-pregnant groups in number of MII oocytes,
embryo transfer and number of embryo (Ashrafi et al., 2013).

Age has a strongly negative effect on the chances of pregnancy and ART does not compensate
for basic physiological preconditions of reproductive senescence, since there is a decrease in
ovarian reserve and a rise in the development of aneuploidy embryos with very low implantation
rates. , Advancing female age reported to be a negative prognostic factor, and the decline in
implantation rates with advancing age primarily linked to poor oocyte quality rather than uterine
function, because the number of good quality embryos is significantly lower in women aged >
40 year, and less embryos are available for replacement (Leeners et al., 2013).

Therefore, the achievement of IVF can be as high as 40% at age 20 year in comparison with 5%
of those with age > 40 year .Overall, it has been shown that ongoing pregnancy rates in assisted
reproductive technology decreased significantly with advancing age (Leeners. Et al., 2013)
American College of Obstetricians and Gynecologists Committee (ACOG) reported that the
significant increase in aneuploidy and spontaneous abortion rates with advanced maternal age
making age alone as detrimental impact on fertility (American Committee on Gynecologic
practice and practice committee , 2014)

It is evident that various factors may influence the outcome of ICSI. Kovacs et al. showed, women
who became pregnant after ART showed thicker endometrium, better quality of embryo, as well
as more follicles, oocytes and embryos, as we observed other study[( Ashrafi M. etal., 2013) So
variable parameters in patients with different causes of infertility and predicted pregnancy
success rates following ICSI. In addition, patient characteristics, total dose of gonadotropin,
endometrial thickness, number of previous cycle and quality of embryo transferred evaluated as
predictors of success rates following ICSI.

Persians correlation was done to explore if there are any relation between OPRI and MII, embryo
number and number of embryo transfer, (Figure 4.2, 4.3 and 4.4). There were no significant
correlation between them. These results incompatible with Gupta results, who reported a
significant positive correlation between them (Gupta, et al., 2023). This may be due to difference
in sample size and age of women whom he included in his study.

Binary logistic regression analysis was done to assess the prognostic effect of ORPI of pregnant
women compared to non-pregnant women as reference group (table 4.11).

There was a significant positive correlation of higher AMH, AFC, and lower BMI, MII, oocyte
and embryo number with occurrence of pregnancy. The highest odd ratio gained by
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AMH and AFC (2.72 and 2.341 respectively).our results are compatibles with many research
works.

Kalpana et al., showed a significant positive correlation between pregnancy occurrence and
higher AMH and AFC (Kalpana, et al., 2019). Mannem Haritha and his co- workers 2020,
suggested that combination of different variables of ORPI (AMH,AFC, age) have resulted in
more precise index to predict ovarian response to COS hormones, also they found a significant
correlation with p value ( P <0.001) between ORPI and number of MII oocytes.

Ritika Gupta and team workers 2023 have similar finding in their study, where they found a
positive relation between ORPI with AFC, AMH, oocytes, MI oocytes and embryo. They
concluded that ORPI a novel ovarian response markers. Also Oehninger et al. 2015 concluded
similar finding. Oliveria and his colleagues 2012, suggested the prognostication of ovarian
response to COS hormones during ART cycles can depend on ORPI, they found a strong relation
between ORPI and the number of oocytes pickup and with maturity of collected oocytes.

Zhao D. et al., 2021 indicated that AMH could independently predict pregnancy outcomes (Zhao
D. et al., 2021). Although a good predictive value for both AFC and AMH is reported, but
published evidence leans towards AMH level, (Fleming et al., 201; Alebic. et al., 2018).

Operating Characteristics (ROC) curve analysis was done to assess the validity of ORPI in
prediction of ICSI success rate, (Figure4.5)

ORPI showed an AUC of 1.00 at a cutoff point 2, giving a sensitivity and specificity 97% and
100% respectively and AUC of 1.00 at a cutoff point 1, giving a sensitivity and specificity 100%
and 95% respectively, which indicate that ORPI is highly predicting factor of pregnancy. The
ROC curves also revealed good prognostic potency by (Kalpana et al., 2019) and Oliveira et al.
2012; they evaluated the predictive value of ORPI for ovarian reserve. They found that ORPI has
an ideal predictive for poor ovarian response . They concluded that the use of ORPI could improve
the cost benefits of ovarian induction regimens through guiding the drugs type, dose and regimen
according to the real patient's needs. However, the odds ratios presented by the ORPI were always
higher than those presented by all other prognostic factors were.

Zhou and teamwork in Peking University International Hospital compares different variables to
predict ICSI outcome, OPRI was one of these; which presented better effectiveness in predicting
excessive ovarian response. Zhou, et al. 2020

Asystemic review done by Broer etal concluded that none of the individual predictors of ovarian
reserve is considered reliable for either oocytes number and quality or possibility of pregnancy
after treatment. In addition, they described their accuracy as modest (Broer et al. 2009).
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Ahmed M. and his teamwork, 2019 in Cairo, compare the accuracy of AMH, AFC and OPRI in
predicting ovarian response to cos in patients attending IVF/ICSI programme, using ROC curve.

He concluded that the ORPI might be used to improve the cost-benefit ratio of ovarian stimulation
regimens by guiding the selection of medications and by tailoring the doses and regimens to the
actual needs of patients to achieve optimal response with minimal risks.

He added that OPRI might inform patients regarding their reproductive life span and menopausal
timing, and aid in counseling and treatment strategy planning of young female cancer patients
receiving gonad toxic therapy. In addition, it may aid in establishing the diagnosis of PCOS and
provide insight into disease severity.

In our opinion the ideal ovarian reserve test should be convenient, be reproducible, display little
if any intra cycle and inter cycle variability, and demonstrate high specificity to minimize the risk
of wrongly diagnosing women as having DOR and accurately identify those at greatest risk of
developing OHSS prior to fertility treatment.
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Conclusions and Recommendations
6.1. Conclusions

e ORPI was significantly higher in pregnant women than non-pregnant group.
e The pregnancy rate of the studied group was 33.33%.

e The incidence of pregnancy was significant in the group of women in which the level of AMH
was high compared to the group of women in which the level of the hormone was low.

e \Women with higher AMH, AFC and lower BMI more likely to have higher ORPI.

e ORPI showed an AUC of 1.00 at a cutoff point 2, giving a sensitivity and specificity 97% and
100% respectively

e The overall success rate of ICSI in Iraqi fertility centers near the results of the centers of other
outside fertility centers.

¢ As no single ovarian reserve marker has 100% sensitivity and specificity, a combined index
of three variables depicted by ovarian response prediction index can improve ovarian response
prediction.
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6.2. Recommendations

e The ORPI might be used to improve the cost-benefit ratio of ovarian stimulation regimens by
guiding the selection of medications and by modulating the doses and regimens according to the
actual needs of the patients.

e Encouraging physicians to adopt the OPRI as a marker in ICSI protocol.

e Due to the small sample size in our studies, we recommend that a meta-analysis on the factors
involving in ICSI success be conducted.

¢ \We suggest that further studies with a larger sample size from multiple centers be conducted.

e Continued research on other factors that are not well-studied in humans or that are only studied
in gametes will add to the current knowledge about the best treatment options for men and women
undergoing ICSI and other assisted reproduction procedures

e Encouraging physicians to adopt the OPRI as a marker in [UI.

65



Pfronces




References:

AL-Azawea, B.R and Mossa, H.A.L. (2021):

Evaluation of Inhibin-B Levels as a predictive marker in a sample of Iraqi Women
Undergoing ICSI, British Journal of Medical & Health Sciences (BJMHS); July —
2021:3(7).

Abdalla, N.M. (2011):
Epidemiology of infertility in Gezira Region. Central of sudan.J.of  medical sicience;

5(1):56-60.
Abdul-Razzaq, L.N., Mahmood, F.J., Salih, K.M., (2021):
Across Sectional Study of Iragi Infertile Women to Evaluate ICSI Procedure Annals

of R.S.C.B., ISSN: 1583 -6258, Vol. 25, Issue 6, 2021, Pages. 8228 - 8239 Received 25
April 2021; Accepted 08 May 2021.

Adamsson G.; Dyer, S.; Chambers, G.; Ishihara, O.; Mansour, R.; Banker M., etal. (2019):
International committee for monitoring Assisted reproductive technology (IMART)
preliminary word report on ART, 2015. Abstract ESHRE, Vienna (2019).

Advanced Fertility Center of Chicago (2009):

Antral Follicle Counts, Resting Follicles, Ovarian Volume and Ovarian Reserve. Testing
of eqg supply and predicting response to ovarian stimulation drugs Retrieved on October
2, 2009.

Ahmeid MS. (2015):

Correlation between follicular fluid leptin and the pregnancy rate in women who
underwent ICSI. International Journal of Current Research. 2015: 7(12): 24274-24277.

Ahmed M, Nadeen A, Ahmed N, Shaza S, (2019):

Comparative Study Between Ovarian Response Prediction Index Versus Anti-Miillerian
Hormone, Antral Follicular Count as Predictors of Ovarian Response in Women
Undergoing IVF/ICSI Cycles Department of Obstetrics and Gynecology, Faculty of
Medicine, Cairo University, Cairo. ISSN: 2090-7265, May 2021, Vol.11, No. 2.

Alebic MS. Stojanovic N, Dewailly D (2018):

Discordance between serum anti-Mdillerian hormone concentrations and antral follicle
counts: not only technical issues. Hum Reprod. 2018: 33(6):1141-8.

Allegra A, Marino A, Volpes A, Coffaro F,Scaglione P, Gallo S etal, (2017):

A randomized controlled trial investigation the use of predictive nomogram for the
selection of the FSH starting dose in IVF, ICSI cycles. Reprod biomed on line 34:429-
38.d0i:10.1016/j.romo2017-01-012.

Alson SSE, Bungum LJ, Giwercman A, Henic E, (2018):

Anti-mullerian hormone levels are associated with live birth rates in ART, but the
predictive ability of anti-mullerian hormone is modest. European Journal of obstetrics,
gynecology and Reproductive biology2018. 225:199-204.

66


http://www.advancedfertility.com/antralfollicles.htm
http://www.advancedfertility.com/antralfollicles.htm

Al-Taee, H, Al-Khfaj Z and Al-Madfai, Z (2014):

Age is the Best Marker to Predict Intracytoplasmic Sperm Injection Cycles Outcome.
British Journal of Medicine & Medical Research 2014: four (23): 4076- 4089.

American Committee on Gynecologic Practice and Practice Committee ACOG (2014):
Female age-related fertility decline Fertile. Steril 2014 .101 633-634.

American Society for Reproductive Medicine. (2012 a):

Diagnostic evaluation of the infertile female: a committee opinion. Fertile. Steril2012 a:
98(2):302-307.

American Society for Reproductive Medicine and Society for Assisted Reproductive

Technology (2012 b):

Elective single-embryo transfer. Fertil Steril.2012b; 97(4):835-42.

American Society for Reproductive Medicine (ASRM. (2014):

Age-related fertility decline. Committee Opinion No. 589. American College of
Obstetricians and Gynecologists. Obstet Gynecol; 123:719-21.

Amer SA, James C, AL-Hussaini TK, Mohamed AA, (2020):

Assessment of circulating Anti-mullerian hormone in women using hormonal
contraception. A systematic Review J. women s health, 29:100-110

Anderson C, Markpark YM, Stanczyk FZ, Sandler DP, Nchols HB, (2018):

Dietary factors and serum anti mullerian hormone concentration in late premenopausal
women .Fertile Steril.2018; 110 6:1145-53.

Antony A, Antonio L and Angelique J (2013):

Management of female infertility from hormonal causes. International Journal of
Gynecology & Obstetrics; 123(2):9-17

Asada Y, Tsuiki M, Sonohara M, et al. (2019):
performance of anti mullerian hormone(AMH) levels measured by Beckman coulter
Access AMH assay to predict oocyte yield following controlled ovarian stimulation for
in vitro fertilization , Reproductive Medicine and Biology , vol , 18 , no . Three, pp. 273
— 277, 20109.

Ashrafi M, Hemat M, Arabipoor A, Yazdi RS, Bahman-Abadi A, Cheraghi R, (2017):
Predictive values of anti-millerian hormone, antral follicle count and ovarian response
prediction index (ORPI) for assisted reproductive technology outcomes. Journal of
Obstetrics and Gynecology 2017. 37(1) 82-88.

Ashrafi M, Jahanian Sadatmahalleh S, Akhoond MR, Ghaffari F, Zolfaghari Z, ( 2013):
ICSI Outcome in Infertile Couples with Different Causes of Infertility: A Cross-Sectional
Study. Int J Fertile Sterile. 2013: 7(2):88-95.

Ashely M and Eskew SEJ.A (2017):

History of development to improve in vitro fertilization Mo. Med.2017; 114(3):156.

67


http://www.ijgo.org/article/S0020-7292%2813%2900437-2/abstract
http://www.ijgo.org/article/S0020-7292%2813%2900437-2/abstract

American Society for Reproductive Medicine (ASRM). (2013):

Definitions of infertility and recurrent pregnancy loss: a committee opinion. Fertil
Steril.2013; 99(1):63.

Baker VL,Gracia C, Glassner MJ,Schnell VL,Dorody K CCC,Shin SS, et al (2018):
Multicenter evaluation of the access of AMH anti mullerian hormone assay for the
prediction of antral follicle count and poor ovarian response to controlled ovarian
stimulation Fertile Sterile.2018;110 3:506-13e3.

Balusik, L.D (2003):

The Female Reproductive System & Cycle: Perspectives from the West & the East.

Bailey Aubrey (2023):

How to Calculate Your BMI (Body Mass Index)

Barry O, Bottomley Cand Rymer J (2012):

The Menstrual Cycle, Menstrual Disorders, Infertility and the Menopause. Essentials of
Obstetrics and Gynecology .2nd Ed. Edinburgh London New York Oxford Philadelphia
St Louis Sydney Toronto 2012.Chapter 5.

Beal SA and Dechmey A, (2012):

History and challenges surrounding ovarian stimulation in the treatment of infertility.
Fertile sterile, 2012.Apr; 97(4):pp.795-801.

Bertoldo M. J, Listijono D. R , Jonathan How.h, Riepsamen A. H, Goss D. M, et al., (2020):
NAD+ Repletion Rescues Female Fertility during Reproductive Aging Cell Reports 30,
1670-1681 February 18, 2020 https://doi.org/10.1016/j.celrep.2020.01.058

Bishop M.L, Engelkirk D and Fody E.P (2000):

Clinical Chemistry, 4" ed. Philadelphia.

Blondel B, Doulm B, Bonnet C, Goffinet F, Le Ray C, (2017):

National coordination group of health in metropolitan France from 1995to 2016: result
from the French national perinatal surveys J. Gynecol.oster hum repord 2017; 4, 10:701-
13.

Borght M.Y, Wyns C (2018):

Fertility and infertility definition and epidemiology .clin biochem. 2018, 62, 2 — 10.

Brecsler LH, Steiner A, (2018):

Anti-mullerian hormone as a predictor of reproductive potential.

Broer SL, Dolleman M, Opmeer BC, Fauser BC, Mol BW, Broekmans FJ (2011):

AMH and AFC as predictors of excessive response in controlled ovarian
hyperstimulation: a meta-analysis. Hum Reprod Update 2011. Jan-Feb; 17(1):46-54

Broekemans FJ, et al. (1998):

"Ovarian reserve tests in infertility practice and normal fertile women". 1998 Maturitas.
30 (2): 205-14.

68


https://www.verywellhealth.com/aubrey-bailey-5194548
https://doi.org/10.1016/j.celrep.2020.01.058

Broer SL, Mol BW, Hendriks D, Broekmans FJ (2009):

The role of antimullerian hormone in prediction of outcome after I\VVF: comparison with
the antral follicle count. Fertil Steril 2009, 91:705-714.

Brodin T, Hadziosmanovic N, and Berglund L, et al. (2015):

Comparing four ovarian reserve markers-associations with ovarian response and live
births afterassisted reproduction. Acta Obstet Gynecol Scand 2015; 94:1056-63.

Bosch E, Labara E, Zuzuarregui J, Hiodromiti S and Nerson SM (2023):

Prediction of ovarian response using the automated Elecsys anti-mullerian hormone assay
in gonasotropin-releasing hormone antagonist cycles. Volume 46, issue two, February
2023, pages 295-301.

Carla P, Renato DO, Gabriel ZL, Denise MCF, Feirnando O, Antonio S.L, (2020):

Are ovarian reserve test reliable in predicting ovarian response? Result from prospective,
cross-sectional, single center analysis. Pages 358-360. (Received 12 March 2020,
Accepted 19 June 2020 published on line 02 Jul.2020).

Chen R, Chen S, Liu M, He H, Xu H, Liu H, Du H, Wang W, Xia X and Liu J, (2018):
Pregnancy outcomes of PCOS overweight/obese patients after controlled ovarian
stimulation with the GnRH antagonist protocol and frozen embryo transfer. Reprod Bio
and Endoc, 2018; 16.36.

Christ JP, Gnning MN, Palla G, et al. (2018):

Estrogen deprivation and cardiovascular dis. Risk in ovarian insufficiency fertility and
sterility, vol. log, no .4, pp. 594 — 600, 2018.

Chowdury SH, Cozma AL, Chowdury JH, (2017):

Infertility.Essentials for the Canadian Medical Licensing Exam: Review and Rep for
MCCQ Part I, second Edition. Wolters Kluwer, Hong Kong.

Chu SY, Bachman DJ,Callaghan WM, Whitlock, E P, Dietz PM and Berg CJ (2008):
Association between obesity during pregnancy and increased use of health care. N Engl
J Med 2008, 358(14), 1444-1453.

Clayton R N (1989)+

Gonadotrophin-releasing hormone: its actions and receptors Endocrinol.1998 Jan;
120(1):11-9. doi: 10.1677/joe.0.1200011
Coss D (2020):
Commentary on the recent FSH collection: Known Knowns and Known unknowns.
Endocrinology 161(1): bgz 035. Doi: 10.1210 / endocr/bgz 035.
Cox E and Takov V (2021):
Ovarian follicle development. August 11, 2021. Embryology.
Das N and KumarTR (2018):
Molecular regulation of follicle stimulating hormone synthesis, secretion and action .J
mol Endocrinol.2018; 60(3):R131-R155. Doi: 10.15301 JME-17—0308.
69


https://pubmed.ncbi.nlm.nih.gov/?term=Clayton+RN&cauthor_id=2537367

De Geyter C, Calhaz-Jorge C, Vupka MS, Wyns C, Mocanu E, Motrenko T et al. (2018):
ART in Europe, 2014, results generated from European registries by ESHRE: the
European IVF monitoring consortium (EIM) for the European society of human
reproduction and embryology (ESHRS).Hum Repord (Oxford, England) 2018: 33: 1586-
601.

De Mouzan J, Chamber GM, Zegers Hochshild F, et al (2012):

International committee for monitoring assisted reproductive technologies world report:
assisted reproductive technology 2012. Hum Repord.2020; 35: 1990-1913.

Department of Obstetrics, Gynecology and Reproductive Sciences, Division of

Reproductive Endocrinology and Infertility, University of California, San Francisco, San

Francisco, California, USA.( 2022):

Evaluation of female fertility-AMH and ovarian reserve testing. The journal of clinical
endocrinology & metabolism volume 107, issue 6, June 2022, pages 1510-1519,
https://doi.org.10.1210/clincal.dgac 039 published :01 February 2022.

Droesch k, Muasher sj.Brzski RG et al. (1989):

Valueof suppression gonadotropin-releasing hormone agonist prior to gonadotropin
stimulation for I\VF .fertile sterile1989.51:292-297.

Dong YZ, Zhou FJ and Sun YP (2017):

Psychological stress is related to a decrease of serum anti — mullerian hormone level in
infertile women. Repord Biol Endocrinol2017, 11; 15: 15.

Drakopoulos P, Blockeel C, Stoop D, Camus M, de Vos M, Tournaye H and Polyzos NP

(2016):

Conventional ovarian stimulation and single embryo transfer for IVF/ICSI. How many
oocytes do we need to maximize cumulative live birth rates after utilization of all fresh
and frozen embryos? Hum. Reprod2016 .31 370.

Dua M, Bhatia V, Malik S and Parakash V (2013):

ART outcome in young women with premature ovarian aging .J.mid-life
Health.2013;4:230d0i:10.4103/09767800./222577

Edwards R (2010):

Assisted reproductive technologies: a guide for patients. 2010. http://www.asrm.org.

Egloff G, Bender | and Roemer J (2018):

Conception and life style — integrative psychosomatics in ovarian insufficiency. Journal
of andrology & gynecology, vol. 6. no.1, pp. 01 — 08, 2018.

Esencan E, Beroukhim G, and DavidSeifer B (2022):

(ReproductiveandEndocrinology20, Article number: 156(2022).Age related change in
folliculogenesis and potential modifiers to improve fertility outcome a narrative review.

70


https://doi.org.10.1210/clincal.dgac%20039%20published%20:01
http://en.wikipedia.org/wiki/Robert_G._Edwards
http://www.asrm.org/

Esteres SC, Roque M, Bedoschi G, Haohr Tand Hamaidan P (2018):

"Intracytoplasmic sperm injection for male infertility and consequence for offspring,
nature review urology, vol.15, no. 9, pp.535-562, 2018".

Esteves SC, Roque M, Bedoschi GM, Conforti A, Humaidan P and Alviggi C (2018):
Defining low prognosis patients undergoing assisted reproductive technology:
POSEIDON Criteria-The Why FrontEndocrinol.9 461.

Esteves SC, Roque M, Bedoschi G, Harrhr T, Humaidan P (2018):

Intracytoplasmic sperm injection for male infertility and consequences for offspring. Nat
Rev Urol. 2018; 15: 535-562.

Evers JL, Slaats P, Dumoulin JC and Dunselman GA (1998):
Elevated levels of basal estradiol-17 predict poor response in patients with normal basal
levels of follicle-stimulating hormone undergoing invitro fertilization. Fertil
Steril, 69 .pp. 1010-1014.

European Society of Human Reproduction and Embryology 2016:
ART fact sheet. Achieved from original article 2016.

Fadhil SS, Selman MO, Al-Obaidi MT (2017):

Study the Number of Transferred Embryos Increase the Pregnancy Rates in Fresh ICSI-
ET-cycles. Global Journal of Bioscience and Biotechnology. 2017: 6 (4): S1-S5.

Fang T, Su Z, Wang L et al. (2015):

Predictive value of age- specific level for IVF-ET outcome in woman with normal ovarian
function. RepordBiolEndocrinol.2015;13:18.d0i:10.1186/s 12 958-015. 0056-6.
Ferareti A, Nygren K, Nybre A, de Mouzan A, Kupka J, Calahaz- Jorge M et al. (2017):
Trends over 15 years in ART in Europe: an analysis of 6 million cycles. Human

reproduction open. 2017.10.1093/hr open/ hox 012.

Feyereisen E, Lozano DHM , Taieb J , Hesters L , Frydman R and Funchin R (2006):
Anti —mullerian hormonr: clinical insight into a promising biomarker of ovarian follicular
statas . Rreproductive biomedicine on line, vol, 12, no. 6 pp. 695 — 703 2006.

Fleming R, Seifer DB, Frattarelli JL, Ruman J (2015):

Assessing ovarian response: antral follicle count versus anti-Mullerian hormone. Reprod
Biomed Online. 2015: 31(4):486-96.

Ganong MD, William S and Deloris J (2019):

Review of Medical Physiology. 26 ™ ed. United States of California .San Francisco.

Gliecher N, Kushnir AV, Burad DH (2019):

Worldwide decline of IVF birth rates and its probable causes .Human Reproduction open;
2019(3): hoz017.

71



Greenstein, D. (2005):

Control of oocyte meiotic maturation and fertilization WormBook, Ed. The C. elegans
Research Community.

Grossman LC, Seifer LZ, Kline MD, Chan CW, Lobo RA, Saur MVand Douglas NC (2017):
Utility of ovarian reserve screening with Anti-Mullerian hormone for reproductive age
women deferring pregnancy. Journal of woman s Health (15409996)26 (4), 345-
351.d0i:10.1089/Jwh .2016.5842.

Gunning MN, Meum C, Van Rijn BB, et al (2019):

Coronary artery calcification in middle aged women with premature ovarian insufficiency
clinical endocrinology, vol.91, no.2, pp.314-322,

Gupta A (2022):

Categorized in: Healthy links Taggect as egg quality eggs fertility. Fertility testing
infertility ovarian reserve ovaries. Posted on October 14.2022 last update on November
28, 2022.

Gupta, S, Sekhon L, Yesul K and Agarwal A (2014):

The Role of Oxidative Stress and Antioxidants in Assisted Reproduction. Current
Women's Health Reviews; 6(3):227-238

Gupta R, Makwana S, Makwana P, Singhal S (2023):

Ovarian response prediction index (ORPI): A novel biomarker for ovarian response
prediction in IVF cycle: An implication for individualized controlled ovarian stimulation
program. Fertil Sci Res [serial online] 2020 [cited 2023 May 29]: 7:155-61.

Guo Y, Jiang H, Hu S, Shuai L, Li F, Jin L (2021):

Efficacy of three COS protocols and predictability of AMH and AFC in women with
discordant ovarian reserve markers: a retrospective study on 19,239 patients, Journal of
Ovarian Research volume 14, and Article number: 111.

Guyton AC and Hull JE (2020):

Textbook of medical physiology.14" ed. W.B. Saunders, Philadelphia.Unit 9 and 14.

Hacker N, Gambone J and Hobel C (2010):

Clinical approach to the patients .Essentials of Obstetrics and Gynecology (Essentials of
Obstetrics & Gynecology .Chapter 2:15.

Hansen KR, Knowlton NS, Thyer AC, Charleston JS, Soules MR and Klein NA (2008):

A new model of reproductive aging: the decline in ovarian non-growing follicle number
from birth to menopause Hum Repord. 23(2008), pp.699-708

72


http://www.researchgate.net/researcher/40055278_Sajal_Gupta
http://www.researchgate.net/researcher/55776969_Lucky_Sekhon
http://www.researchgate.net/researcher/81122941_Yesul_Kim
http://www.researchgate.net/researcher/11671484_Ashok_Agarwal
https://ovarianresearch.biomedcentral.com/articles/10.1186/s13048-021-00863-4#auth-Yaxin-Guo
https://ovarianresearch.biomedcentral.com/
https://ovarianresearch.biomedcentral.com/

Hazlet D (2011):
Embryo fragmentation what does it mean? Embryology, Infertility, IVF, Uncategorized.
Tagged in: embryo, embryology lab, embryology laboratory, evaluating egg quality
Hershko-Klement A, Rovner E, Yekutieli D, Ghetler Y, Gonen, O, Cohen, I, Wiser A,

Berkovitz A And Shulman A (2012):

Embryo quality and implantation rates are not influenced by total motile count values in

an ICSI program: a novel point of view. Int J Mol Epidemiol Genet.; 3(3):205-12.

Homburg R (2008):

The Mechanism of Ovulation Glob. libr. Women's med., 1756-2228.

Hodgen G (1996):

Gonadotropic control of ovarian follicular growth and development .Mol

cell.Endocrinol.179-39.

Humaidan P, Polyzos NP, Alsbjerg B, Erb K, Mikelsen AL, Elbaek HO, et al. (2013):
GnRHa trigger and individualized luteal phase hCG support according to ovarian
response to stimulation two prospective randomized controlled multicenter studies in IVF
patients. Hum Repord (2013) 28: 25 11-21 Doi: 10.1093 /humrep/det 249.

Hussain SS, Al-Murshidi SY, Al-Fatlawi SJ (2018):

Association of Endometrial Thickness with Pregnancy Rate in Infertile Women

Undergoing ICSI Program. International Journal of Pharmaceutical Research and Allied

Sciences. 2018: 7(3):166-171.

Hvidman HW, Petersen KB, Larsen EC, Macklon KT, Pinbory A and Andersen AN (2015):
Individual fertility assessment and pro-fertility counselling, should this be offered to
women and men of reproductive age? Human
Reproductive,3d1)415doi:10.1093/humrep/deu305.

Jain H and Singh MV (2022):

Assisted Reproductive technology (ART) last update November 28, 2022.
Jayaprakasan K,Campbell B, Hopkisson J, Clewes J, Johnson I, and Raine-Fenning N
(2008):

Establishing the intercycle variability of three-dimensional ultrasonographic predictors of

ovarian reserve. Fertil Steril 2008. December; 90(6):2126—32

Jewson M, Purohit P, and Lumsden MA (2020):

Progesterone and abnormal uterine bleeding/menstrual disorders. Best Pract Res Clin

Obstet Gynaecol 69:62—73. Doi: 10.1016/j.bpobgyn.2020.05.004
Jiang X, Dias J and He X (2013):

Structural biology of glycoprotein hormones and their receptors: Insights to signaling.

Mol Cell Endocrinol.

73


http://www.inviafertility.com/category/embryology/
http://www.inviafertility.com/category/infertility/
http://www.inviafertility.com/category/ivf/
http://www.inviafertility.com/category/uncategorized/
http://www.inviafertility.com/tag/embryo/
http://www.inviafertility.com/tag/embryology-lab/
http://www.inviafertility.com/tag/embryology-laboratory/
http://www.inviafertility.com/tag/evaluating-egg-quality/
http://www.ncbi.nlm.nih.gov/pubmed?term=Hershko-Klement%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Rovner%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Yekutieli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghetler%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonen%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Wiser%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Berkovitz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed?term=Shulman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23050051
http://www.ncbi.nlm.nih.gov/pubmed/23050051

Jung S, Allen N, Arslan AA, Bagleitto L, Brinton LA, Egleston BL, Falk R, Frotner RT et

al. (2017):

Demographic life style and other factor in relation to anti-mullerian hormone level in
mostly late premenopausal women .fertile sterile (2017). April; 107(9):1012-1022¢2.

Kalpana B and Panda SR (2019):

Modified ovarian response prediction index: a novel index for ovarian response
prediction in GnRH agonist cycles. Int J Reprod Contracept Obstet Gynecol 2019:
8:2575-81.

Kamel RM (2013):

Assisted reproductive technology after the birth of Louise Brown.j repord
infertile.2013.Jul; 19(3):pp.96-109.

Kana Katti Shankar R., Dowlat — Mc Elory T., Dauber A. and Gomes — Lobo V. (2022):
Clinical utility of Anti — mullerian hormone in pediatrics. J. Clin Endocrinol. Metab.
2022,107, 309 — 323.

Keith L. Moore (2016):

The developing human: clinically oriented embryology. Copy right © 2016 by Elsevier,
Inc. printed in the United States of America. Page 1, 17.

Kim C, Slaghter JC, Wang ET, Appiah D, Schriener P And LeaderB et al.(2017):
Anti-mullerian hormone, follicle-stimulating hormone, Antral follicle count and risk of
menopause within 5 years, maturitas, 102:18-25.

Klonoff-Cohen H (2005):

Female and male lifestyle habits and IVF: What is known and unknown? Hum Reprod
Update; 11(2), 180-204.

Kloos J (2022):

“Evaluation of Female Fertility—AMH and Ovarian Reserve Testing” - The Journal of
Clinical Endocrinology & Metabolism 2022; 107 (9).

Kruszynsk A and Slowinska JS (2017):

Anti — mullerian hormone AMH is good predicator of time menopause, menopause
review / Przeglad menapaazdny, vol. 16, no. 2, pp. 47 — 50, 2017".

Kuivasaari PP, Raatikainen K, Hippelainen M and Heinonen S (2012):

Adverse Outcomes of IVF/ICSI Pregnancies Vary Depending on An etiology of
Infertility. ISRN Obstet Gynecol.:451915.

Kushnir VA, Barad DH and Gleicher N (2014):

Ovarian reserve screening before contraception? Reproductive Biomedicine on line.29,
527529.Retrievedfrom http://dxdoi.orgi10.1016/j.rbmo.2014.07.013.

Lambalk CB, Banga FR., Huirne JA, Toftager M., Pinborg A., Homburg R., et al. (2017):
GnRH antagonist versus long agonist protocols in IVF: a systematic review and meta-
analysis accounting for patient type. Hum Reprod Update. 2017: 23(5):560—79.

74


http://www.ncbi.nlm.nih.gov/pubmed?term=Kuivasaari-Pirinen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22570795
http://www.ncbi.nlm.nih.gov/pubmed?term=Raatikainen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22570795
http://www.ncbi.nlm.nih.gov/pubmed?term=Hippel%C3%A4inen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22570795
http://www.ncbi.nlm.nih.gov/pubmed?term=Heinonen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22570795
http://www.ncbi.nlm.nih.gov/pubmed/22570795
http://dxdoi.orgi10.1016/j.rbmo.2014.07.013

La Marca A and Sunkara SK (2013):
"Individualization of controlled ovarian stimulation in IVF using ovarian reserve
markers: from theory to practice". Human Reproduction Update. 20 (1): 124-40. Doi:
10.1093/humupd/dmt037. PMID 24077980

Leeners B, Geraedts K, Imthurn B and Stiller R (2013):

The relevance of age in female human reproduction-current situation in Switzerland and
pathophysiological background from a comparative perspective Gen. Comp.
Endocrinol188166.

Levy M (2011):

Reproductive physiology. Britannica Educational Publishing (a trademark of
Encyclopadia Britannica, Inc.) in association with Rosen Educational Services, LLC 29
East 21st Street, New York, NY 10010. 1  Edition The reproductive system / edited by
Kara Rogers.p. cm. — (The human body).

Lew R (2019):

Natural History of ovarian Function including Assessment of ovarian reserve and
premature ovarian failure. Bestparct. Res. clin. obstetric. Gnaecol. 55, 2-13. Doi: 10 1016
/ J. bpgyn 2018 — 05 — 05.

Li CJ, Lin LT, Tsai HW, Chern CU,Wen ZH,Wang PH, et al. (2021):

The molecular regulation in the pathophysiology in ovarian aging. Aging Dis 12:934-49.
Doi: 10.14336/AD.2020.1113.

Lindheim SR, Morales AJ (2003):

GnRH antagonist followed by a decline in serum estradiol result in adverse outcomes in
donor oocytes cycles HUM Repord .18(10):p2048-51.

Liu X, Yang Y, Tang CL, Wang K, Chen JJ, Teng XM, Ruan YC and Yang JZ (2019):
Elevation of anti-mullerian hormone in women with polycystic ovarian syndrome
undergoing assisted reproduction. Effect of insulin.fertil steril 2019. January: 111
(1):157-167.

Liu L, Liu b, Li K, Wang C, Xie Y, Luo N, Wang L, Sun y, Huang W, Cheng Z and Liu S

(2022):

Identification of biomarkers for predicting ovarian reserve of primordial follicle via
transcriptomic analysis Front. Genet, 25 may2022.sec.Genetics of aging http://doi
0rg/10.3389/t gene.2022, 879974.

Li X, Li p, Liu X et al. (2020):

"Health related quality of life among patient with premature ovarian insufficiency: a
systematic review and meta-analysis Quality of life research. Vol.29, no.1, pp.19-36,
2020.

75


https://doi.org/10.1093%2Fhumupd%2Fdmt037
https://doi.org/10.1093%2Fhumupd%2Fdmt037
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1093%2Fhumupd%2Fdmt037
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/24077980
http://doi/

Machlin JH , Barishansky SJ , Kelsh J , Lamore MJ , Johnson BW, Pritchard MT , et al .

(2021):

Fibro inflammatory signatures increase the age in the human ovary and follicular fluid.
intjmol Sci (2021) 22(9):4902 Doi: 10.339/ijms 2209402.

Marcelle C (2022):

Evaluation of female fertility ~AMH and ovarian reserve test the journal of clinical
endocrinology &metabolism volume 107, issue 6, June. Pages 1510-1519,
https//doi.org/10.1210/clime/dagc 039.

Marcillac F De D, Pinton A, Guillaume A, Sagot P, Pirrello O and Rongieres C (2017):
What are the likely IVF/ICSI outcomes if there is a discrepancy between serum AMH
and FSH levels? A multicenter retrospective study. J Gynecol Obstet Hum Reprod

Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S and Stevens GA (2012):
"National, Regional, and Global Trends in Infertility Prevalence since 1990: A Systematic
Analysis of 277 Health Surveys "PLOS Med (9; 12).

Maged AM, Nada AN, Abohamila F, Hashem AT, Mostafa WA and Elzayat AR (2015):
Delayed Start versus Conventional GnRH Antagonist Protocol in Poor Responders
Pretreated With Estradiol in Luteal Phase: A Randomized Controlled Trial Reproductive
Sciences 2015, Vol. 22(12) 1627-1631

Majumder K, Gelbaya TA, Laing | and Nardo LG (2010):

The use of anti-mullerian hormone and antral follicle count ton predict potential of
oocytes and embryos. European journal of obstetrics, gynecology, and reproductive
biology. Volume 150, issue two, June 2010, pages 169-170.

Marjoribanks J, Farquhar C, Roberts H, Lethaby A and Lee J (2017):

Long-term hormone therapy for perimenopausal and postmenopausal women. Cochrane
Database Syst Rev (2017) 1:CD004143. Doi: 10.1002/14651858.CD004143.pub5.

Martin M K, Uhler M L, Grotjan HE, Lifchez, AS, Nani JM., and Beltsos AN (2009):
Lower chance of pregnancy with repeated cycles with in vitro fertilization. J Reprod Med;
54(2): 67-72.

Mollhuijsn LME and Visser JA (2020):

Anti mullerian hormone and ovarian reserve: update on assessing ovarian function the
journal of clinical endocrinology & metabolism, vol. 105, no. 11, pp. 3361 — 3373.

Moslehi N, Mirmiran P, Azizi F and Tehrani Fe (2019):

Do dietary intake influence the rate of decline in anti — mullerian hormone among
eumenorrheic women? A population -based prospective investigation. NutrJ, 18:83.

Murphy T, Martin N, Montoro L and Richard J (2010):

Management of Common Problems in Obstetrics and Gynecology. 5 th ed. Subir Roy.
Wiley-Blackwell.UK,

76



National center of biotechnology information date modify 2023-01-15.

National Health Service :( 2017) causes of infertility.

National Institute for Health and Care Excellence NICE (2013):
Fertility assessment and treatment for people with fertility problems.

National Collaborating Centre for Women and Children’s Health (NCC WHC) (2004):
Fertility assessment and treatment for people with fertility problems. London: Royal
College of Obstetrician and Gynecologists

Nelson SM., Telefer GE. and Andreson RA. , (2013)

The aging ovary and uterus; new biological insight Hum Repord update 19: 67 — 83. Doi:
10. 1093 / humpd / dms 043.

Nelson S.M, Telfer EE and Anderson RA (2013):

The aging ovary and uterus: new biological insights .Human Reproduction Update, 19(1),
67-83.d0i:10.1093/humpd/dms043.

Ng EH, Tang OS, Chan CC, Ho PC (2006):

Ovarian stromal vascularity is not predictive of ovarian response and pregnancy .Repord
Biomed online .12:43-9.

Nyboe Andersen A, Nelson SM, Fauser BC, Garcia-Velasco JA, Klein BM, Arce JC et al.

(2017):

Individualized versus conventional ovarian stimulation for invetro fertilization.a
multicenter randomized controlled Assessor-Blinded phase3 Non inferiorly trial. Fertil
steril. 107.387-96 e4.doi:10 1016/ fernstert 2016.10.033.

Oliveira JBA, Baruffi RLR, Petersen CG, Mauri AL, Nascimento AM , Vagnini L, Ricci

J, Cavagna M, and Franco JG (2012):

A new ovarian response prediction index (ORPI): implications for individualised
controlled ovarian stimulation, Reprod Biol Endocrinol. 2012: 10: 94.

Olivennes FM, Fanchin R, Bouchard PH et al. (1994):

The single or dual administration of the gonadotropin-releasing hormone antagonist
cetrolix in an IVF ET PROGRAM .FERTIL STERIL .62:468=476.

Ombelet W and Van RJ (2015):

Artificial insemination history: hurdles and milestones. Fats views Vis obgyn.2015:
7(2):137-43.

Palomaki GE, Kalra B, Kumar TP, atel AS, Savjani G and Torchen LG (2020):
"Adjusting antimullerian hormone levels for age and body mass index improves detection
of polycystic ovary syndrome. Fertil Steril .2020; 113 4: 876-840.

Paulson RJ (2017):

Introduction: contemporary approaches to alternative ovarian stimulation strategies for in
vitro fertilization. Fertile steril 108:555-7.

77


https://pubmed.ncbi.nlm.nih.gov/?term=Oliveira%20JB%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Baruffi%20RL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Petersen%20CG%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mauri%20AL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nascimento%20AM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Vagnini%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ricci%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cavagna%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Franco%20JG%5BAuthor%5D

Pleuso C, Oliveira RD, Laporta GZ, Chritofolin DC, Luiz F, Fonseca A, Lagana AS,
Barbosa C and Bianco B (2021):
ARE ovarian reserve test reliable in prediction ovarian response? Result from a
prospective, cross- sectional, single center analysis. Gynecological endocrinology.
Volume 37, 2921- issue 4 submit an article. Journal home page.

Peluso C, Fonseca FL, Rodart IF et al.P (2014):
AMH: an ovarian reserve biomarker in assisted reproduction. Clin Chim Acta 2014;
437:175-82.
Podfigurna A, Czyzk A, Gyrnowicz M, Smolarczyk R and Meczekalski B (2017):
Primary ovarian insufficiency menopause, springer.
Practice committee of the American society for reproductive medicine and practice
committee of the society for assisted reproductive technology. (2017):
Electronic an address: ASRM @ asrmorg; practice committee of the American society
for reproductive medicine and practice committee of the society for assisted reproductive
technology. Recommendations for practice utilizing gestational carriers: a committee
opinion. Fertil steril .2017 Feb: 107(2): e3-e10.
Practice Committee of the American society for reproduction medicine (2015):
Testing interpreting measures of ovarian reserve; a committee opinion, fertile.steril.
March; 103 (3): eg-el7.
Qader Osman NA, AL- Ziyadi SH., AL- azzam MB, AL shawwa and Rahman MA
(2022):
Machine learning of ZnO interaction with immunoglobulins and blood protein in
medicine Journal of health care Engineering, vol., Article ID 4062974, 6 pages, 2022.
Rahim Al (2016):
Impact of Women’s Body Mass Index (BMI) on the Outcomes of Intra-Cytoplasmic
Sperms Injection (ICSI). QMJ, 2016; 12, 21, 93-99.
Rahim Al, Al-Kawaz UM and Abdulla TH (2018):
An Iragi Success in Human Embryo Cryopreservation Using Vitrification and the Factors
Affecting the Pregnancy Rate: Cross-Sectional Study, Iragi Journal of Embryos and
Infertility Researches: eight (1).
Revelli A, Gennarelii G, Biasoni V, Chiado A, Carosso A, Erangelista F, Paschero C,
Filippini C and Benedetto C (2020):
The ovarian sensitivity index (OSI) significantly correlates with ovarian biomarkers of
clinical pregnancy than the total number of oocytes and is consistent in consecutive
IVFcycles. J.clin. med. 2020, 9(6), 1914;https://doi.org/10.3390/jcm.9061914.

78



Rhee JS, Saben JL, Mayer AL, Schulte MB, Asghar Z, Stephens C, Chi MM and Moley

KH (2016):

Diet-induced obesity impairs endometrial stromal cell decidualization: a potential role for
impaired autophagy. Hum Reprod, 2016; 31, 1315-1326.

Rossi G, DI Nicio V, Ma cchiaselli G, Nottola S , Halvaei ID, mmaStantis L. and Cecconi S

(2019):

Technologies for the production of fertilization mammalian oocyte Appl. Sci., 9 1536.

Rubio C, Mercader A, Alama P, Lizan C, Rodrigo L, Labarta E, Melo M, Pellicer A and

Remohi J (2010):

Prospective cohort study in high responder oocyte donorsusing two hormonal stimulation
protocols: impact on embryoaneuploidy and development. Hum Reprod 2010, 25:2290—
2297.

Ruth KS, Day FR, Hussain J, Martinez — Marchal A, Aiken CE, Azad A et al (2021):
Genetic insights into biological mechanisms governing human ovarian aging. Nature 596,
393 —397. Doi: 10 1038/ s 41586 — 021 — 03779-7.

Ruth KS, Soares ALG, Boryes MC, Eliassen AH, Hankinson SE, Jones ME, et al, (2019):
Genome wide association study of anti — mullerian hormone level in pre — menopausal
women of late reproductive age and relationship with genetic determinants of
reproduction life span. Hum Mol Genet, 28: 1392 — 401.

Sadler T.W. (2019):

Laugman s medical embryology /copyright©2019 walter klwer printed in china pages
14,26,27,28,34,36,37,38,39,40,42 and 43.

Sahi Si V, Rogozinska E, Sobhy S and Khan KS (2017):

Accuracy of test used to detect infection with chlamydia trachomatis in asymptomatic
pregnant women: a systematic review. Cuir. Opin. Obstet. Gyncol., 29, pp.375-382.

Salehi F, Dunfield L, Phillips KP, Krewski D and Vanderhyden BC (2008):

Risk factors for ovarian cancer. An overview with emphasis on hormonal factors. J
Toxicol Environ Health B Crit Rev, 11(3-4), 301-321.

Sahmay S, Oncul M, Tuten A, et al. (2014):

Anti-millerian hormone levels as a predictor of the pregnancy rate in women of advanced
reproductive age. J Assist Reprod Genet 2014; 31:1469-74.
Sameh S, Shara FM, Salem MS, Abdl Rasheed M, Salama E, Elnahas T and Lotfy R
(2021):
"FSH versus AMH: age- related relevance to ICSI result. Published on 2021 Aug. 17 Doi:
10 -1186 is 43043-021-00071-6.
Saner K (2011):
Andrology and Fertility Assessment. Lab Medicine; 42, 41-50.
Scanlon VC and Sanders T (2006):
Essentials of Anatomy and Physiology. Fourth Edition.

79


http://labmed.ascpjournals.org/search?author1=Karla+J.+Saner-Amigh&sortspec=date&submit=Submit

Schuh-Huerta SM, Johnson NA, Rosen MP, Sternfeld B, Cedars MI and Reijo Pera RA
(2012):
Genetic variants and environmental factors associated with hormonal markers of ovarian
reserve in Caucasian and African American women. Hum Reprod February; 27(2):594—
608

Shan-Jie Z, Ming-Jia Z, Cui L and Xing S (2020):
The comparison of evaluative effectiveness between antral follicle count/age ratio ovarian
response prediction index for the ovarian reserve and response function in infertile
women. Medicine (Baltimore). Sep. 4; 94(36): e 21979. Published on line 2020 Sep. 4.
D0i:10.1097/MD.000000000021979.

Siddiqui QUA, Anjum S, Zahra F, and Yousif SM (2019):
Ovarian reserve parameters and response to controlled ovarian stimulation infertile
patients. Pakistan Journal of medical science VOL. 35, no. (4): pp. 958-962.

Silverthorn D (2013):
Human Physiology: An Integrated Approach (sixth ed.). Glenview, IL: Pearson
Education, Inc., 850-890.

Sloboda D, Hickey M and Hart R (2010):
Reproduction in females: the role of the early life environment .Human Reproduction: 17
(2): 210-227.

Smits M, Janssens GE, Gadding M, Hamer G, Hout Kooper RH and Masten brek S (2021):
Longevity pathway are associated with human ovarian aging. Hum Repord 2: hoabo20
Doi: 10.1093 / horpen / hoabo20.

Sherwood L (2013):
Human Physiology: From Cells to Systems (eighth Ed.). Belmont, CA: Cengage, 735—
794,

Sohraband F, Abedinia N, Pirjani R and Jafarabadi M (2008):
Effect of anxiety and depression on ART outcome. Iranian Journal of Reproductive
Medicine; 6(2): 89-94

Spears N, Lopes F, Stefansdottir A, Russi V, De Felici M, Anderson RA et al (2019):
Ovarian damage from chemotherapy and current approaches to its protection .Hum.
Repord.update25,673693.doi:10.1093/humupd/dmz027.

Steiner AZ, Pritchard D, Stanczyk FZ, Kesner JS, Meadows JW, Herring AH, et al (2017):
Association between biomarkers of ovarian reserve and infertility among older women of
reproductive age. JAMA 318.1367-1376. Doi: 10.1001/jama 2017.1458p.

80



Sokol E (2011):
Clinical Anatomy of the Uterus, Fallopian Tubes, and Ovaries Glob. libr. Women's med.
Sun XY, Lan YZ, Liu S, Long XP, Mao XG and Lia L (2020):
Relationship between anti-mullerian hormone and in vitro fertilization, embryo transfer
in clinical pregnancy. Frontiers in Endocrinology.2020: 11 Doi: 10.3389 /
fendo.2020.595448.545448.

Takahashi A, Yousif A, Hong L and Chefetz I (2021):
Premature ovarian insufficiency pathogenesis and therapeutic potential of mesenchymal
stem cell.J.Mol. Med.99.637-650.doi:10 1007 1s 00109-021-02055-5.
Tal R and Seifer DB (2017):
Ovarian reserve testing: a users guide. AMJ obster Gynecol 2017 August; 217 (2)129-
140.
Tal R et al (2017):
"Ovarian reserve testing: a uesr s guide Am.J.Obstet.Gynea Col.
TEGGO , Broer S, Griesinger G, Grynbery M, Humadan P, Kolibianakis E, Kunicki M ,
La M, Lainas G, Le Clef N ,Macsin N, Masten Broek S, Polzos NP ,Sunkara SK , Timeva
T, Toyli M, Urbanscek J, Vermeulen N, Broekmans F (2020):
(Ovarian stimulation). ESHRE guideline: ovarian stimulation for IVF/ICSI. Human
repord. Open 2020, P. hoaa 009,10.1093/hropet/hoaa 009.
Tetkova A ,Susor A, Kubelka A , Jansova D, Dvoran M ,Del LE , Holubcora Z and Kalous
(2019):
Follicle stimulating administration affect aminoacid metabolism in mammalian oocyte.
Bio | Reprod 2019 October 25, 101(4): 219-732.
TeixeiraDT, Miyague AH, Brbosa MAP, Navarro PA, Fenning NR, Nastri CO and Martins
WP (2020):
Regular ICSI versus ultra-high magnification (IMSI) sperm selection for assisted
reproduction. 21 February2020.http//doi.org/10.1002/14651858. CD010167 pub3.
Tetkova A, Susor A, Kubella M, Nemcova L, Jansova D, Dvoran M, Liano DE, Holubcova
Zand Kalous J (2019):
Follicle stimulating hormone administration affect amino acid metabolism in mammalion
oocyte Biol Repord OCT 25, 101 (4): 219 — 732.
The American College of Obstetricians and Gynecologists Committee on Gynecologic
Practice (2022):
Number 589 (Replace Committee opinion Number 413, August 2008, Reaffirmed 2022).
Tobler KJ, Shoham G, Christianson MS, et al. (2015):
Use of anti-mullerian hormone for testing ovarian reserve: a survey of 796 infertility
clinics worldwide. J Assist Reprod Genet 2015; 32:1441-8.

81



Tremellen K, Pearce K and Zander-Fox D: (2017):
Increased miscarriage of euploid pregnancies in obese women undergoing cryopreserved
embryo transfer. RBM Online, 2017; 34, 90-97.

Tsepelidis S, Devieker F, Demeestere I, et al. (2007):
Sable serum level of anti-mullerian hormone during the menstural cycle: a prospective
study in normo-ovulatory women. Hum Repord.2007; 22:1837-1840.doi: 10.1093/
humrep /dem 101.

Tsiligiannis S, Panay N and Stevenson JC (2019):
Premature ovarian insufficiency and long-term health consequences current vascular
pharmacology, vol. 17, no. 6, pp. 604 — 609, (2019).

Umarsingh S, Adam JK, and Krishna SBN (2020):
The relationship between anti — mullerian hormone (AMH) levels and pregnancy out
comes in patients undergoing assisted reproductive techniques (ART). Peer. J, vol. 8,
Article 1D e 10390.

Van Eekelen R, Van Geloven N, Van Wely M, Bhattacharya S, Van der VF, Eijkemans MJ

and Mclernon DJ (2019):
IVVF for unexplained subfertility, whom should we treat? Hum repord. Jul. 08:34(7): 1249-
12509.

Vander G and Wyns MC (2018):
"Fertility Infertility: definition and epidemiology.clin.biochem.62, 2-10.doi:10
1016/j.biochem.2018"

Venturella R, Vaiareli A, Lico D et al. (2018):
A modern approach to the management of candidates for assisted reproductive technology
procedures .Minerva Ginecol. 70: 69 — 83.

Wang J, Lu N, Zhang S, Tang Z, Huang Y and Li W et al. (2020):
Reference Range and cutoff value of serum inhibin B to predict successful sperm retrieval
Across-sectional study of 30613 of Chinese men. Cin Endocrinol (oxf) 92(3) -
40.doi:16.1111/cen.14138.

Wang R, Lin S, Wang Y, Qian W and Zhou L (2017):
Comparisons of GnRH antagonist protocol versus GnRH agonist long protocol in patients
with normal ovarian reserve: a systematic review and meta-analysis. PLoS One. 2017:
12(4):e0175985

Wanlin Z, Duo X, Hendge Z, Jianlei H, Xitenj Xi, Binrong W, Ya Fei T, Ye M and Xiaohong

W (2020):
Cumulative live birth rates after the first ART cycles using flexible GnRH antagonist
protocols VS. Standard long GnRH agonist protocol: a retrospective cohort study in
women of different ages and various ovarian reserve. Front. Endocrinol, 08 May 2020.
Sec. Reproduction .VVolume 11-2020/ https:// doi.org/10.3389/fendo.2020.00287.

82



We K B, Si-Si L, Jing W, Shan-Shan W, Xin-Chen J, Yi-Lin F, Ling G, Jia-Jun Z and Zaho
H (2020):

FSH signaling is involved in affective disorders) volume 525, issue4, 14 May 2020 .pages

915-920.

Wen J, huang K, Xiaofang DU, Zhang H, Ding T, Zhang C, Wenmin Ma, Zhong Y, Wenyu
Qu, Zhiying Li YL, Deng S, Luo A, Jinjin TJ and Wang S ( 2021):

Front Endocrinol.14  April 2021 sec. Reproductive volume 12-2021

http//doi.org./10.3384/fend0.2021.626534.
Weir CB and Jan A (2023):

BMI Classification Percentile and Cut off Points. StatPearls Publishing; 2023 Jan-.
Wijayarathna R and De Kreter DM (2016):

Activins in reproductive biology and beyond .Hum Repord update 22(3):342-

57.d0i:10.1093/humpud/dm v058.

William still well, (2016):
In an introduction to biological membranes2016 (second edition).

Widmaier P, Raff H and Strang T (2010):
Vander's Human Physiology: The Mechanism of Body Function (12" Ed.). New York,
NY: McGrawHill.2010 555-631.

Wong HQ, Zhang WD, Yuan B and Zhang JB (2021):
Advanced in the regulation of mammalian follicle-stimulating hormone secretion. Animal
(Basal); 11 (4):1134.d0i:10.3390/anj 11041134.

Wu J, Liu Y, Song Y, Wang L, Ai J and Li K (2022):

Aging conundrum: A perspective for ovarian aging, Front. Endocrinol. 19 August 2022
Xingyu S, Wang X, Liting L, Junjun X., Chenlu L, Yunzhu L , Feifei , Shufei T, Muzi M,
Chenyu S and Xiguang M (2022):

Comparison of the predictive capability of antral follicle coumt VS. the anti-mullerian

hormone for ovarian response in infertile women. Front Endocrinol, 31 October 2022

.sec. Reproduction volume 13- 2022/https//doi:org/10.3389/fendo. 862733
XuH, Zeng L, Yang R, Feng y, Li R and Rigo J (2017):

Retrospective cohort study: AMH is the best ovarian reserve markers in predicting

clinical pregnancy in GnRH antagonist protocol. Arch Gynecol Obstet 2017 295: 763.

Doi: 10. 1007/ 500404 — 4274.8.

Xu B, Geets D, Hu S, Yue J, Li Z, Zhu G. and Jin L (2020):

The depot GnRH agonist protocol improves the live birth rates per fresh embryo transfer

but not the cumulative live birth rate in normal responders a randomized controlled trial

molecular mechanism study.Human reproduction, volume 15, issue six, June 2020, pages

1306-1318, https://doi.org/ 10.1093/ hum rep/deaa086.

83


https://www.statpearls.com/
https://www.frontiersin.org/people/u/1833024
https://www.frontiersin.org/people/u/1001120
https://doi.org/

Xue W, Lei J, Y un-dong M, Juan-zi S, Rui H, Yue-ning J, Cui-lian Z and Xiao-yan L
(2021):
Evaluation of ovarian reserve tests and age in the prediction of poor ovarian response to
controlled ovarian stimulation — Areal — world data analysis of 89,002 patients. Front.
Endocrinol, 30 August 2021. Sec. Reproduction https://doi.org/10.3389/fendo.. 702061.
Yasda Y, Tsuiki M, Sonohara M, et al. (2019):
Performance of anti-mullerian hormone (AMH) levels measured by Beckman coulter
access AMH assay to predict oocyte yield following controlled ovarian stimulation for in
vitro fertilization. Reproductive medicine and biology.2017
18(3):273277.d0i:10.1002/rm62.12271.
Zagadailov P, Hsu A, Seifer DB and Stern JE (2017):
Differences in utilization of Intracytoplasmic sperm injection (ICSI) within human
services (HHS) regions and metropolitan megaregions in the U.S. Reprod Biol
Endocrinol 2017; 15(1):45.
Zagar M, Najafian M and Zaman pour Z (2018):
Relationship between follicular fluid and serum anti-mullerian hormone levels and
pregnancy rate in ART cycles. Perinatologia Y. Reproduction Human 2018 32:3-8.
Zcott PN and Pierre VZ (2018):
In Encyclopedia of Reproduction, 2018 (second Edition).
Zeibe SH, Bangsboll S, Schmidt KL, Loft A, Lindhard A. Andreson A (2004):
Embryo quality in natural versus stimulated IVF cycles .HUM Rerpord 2004 19:1457-
1460.
Zhou SJ, Zhao MJ, Li C, Su X (2020):
The comparison of evaluative effectiveness between antral follicle count/age ratio and
ovarian response prediction index for the ovarian reserve and response functions in
infertile women. Medicine 2020; 99:36(e21979).

84


https://doi.org/10.3389/fendo.%202021.%20702061

LAl
Adlal)
gl eaaden (A s lae ad)) o b pdall sy sl i 58 e Gand) s 8 aad sy mlhuas 8 Gandl il
enl) o Hanal) AR 8 L Sl JS5 L cdien) Juain iy lagind oSy 3 iy sl e (ombily (o) jee o068
YA pead
2o A (o padd US55 008 25 (63 g slasill (ol mnnal) Jalial Cia o) 230 sl ALS iy 3y 5865 e () 5,8
s o Y sl o gl Gl jae 54 peadll 8 (aliail i () Saws (lanal A8 53 e (land) A Aad) Cily )
PR
¢l ) @i pand) Jabial @ js) sde Lgde (3l Al 5 (anall a4 gal) 40 3l 5 40aS sull Clalall (e 2=l i
Cand) Jalia) ayily saamall (el Aty 50l A faeS) saelsall i) 46 J S0 ALl mpal) Jlia) <l sl
D% s sl ClBlall (san) 1A seall (368 s gall Cladle 54 s AdlaaS i) cllia
2o i i 3 S A o (g sin Sl o slen pha (oS IS5 e el a4l e 4 el iy il de iy el
paa iliy g ol g AD 3 gl e A guall (358 s gall A 53 sl 5y 92l (g0 AN gl of D ) B i iy )
(ple Vo - Y) e Cpand) IS b Ll 8y Al
Al (ya 0 siag Al azm sl (e el 0oy aliell Vs 2 0le L plall i ama s 8 Uaga S jae jendl canly o (S
Aailis Ay 5y pos 50 Luse Tl 065 g e 30U giandl JRI0 A, gial) ) gonl (i il o3 (s (e g B3 Ll i) LS alaiuly
Zlao¥) e s jerl) ad wa s geadll (mbdi adi pe Clad] Jone el Ll s 4 giall ) gal) de (e Aliisa Lgd S pal
s (S s 3l el (s il iy jal) aanils pilae e o i diliay (anall Jaliad < LR i aall o Slal ¢ gmas (121
ool Jala A siall il paad) (i 5 58l (B ol el gy (B il Lo 5 (lanaall el Lgidaviad (40 5 S8
Sar s Gandl Jalialy 5l el & il 4as ) S pdsall anl Juaall (8 (5l sall dadl (g sel (5 giune S iiny
el il 5l 5d5d 48 seall (3 8 Cla sally e Adle 4y Jall iy il a2y LS5 03 ol (e 01 (51 (031
ol s i jall L) Cpuad s o Mall Jalad anadd 8 Ll e daclusal) Lulai¥) L o) 53 8 Jaal) 54548 20 ()
2o lisal AtV 5l 5856 (anall Jalialy 5l < 50 aulli agall (o I aall Slal () sramdins | IS 1Y La gy
SRESH AP
il glaadl o ST 1503 VY 2y S (3int 3 J3dl ady o iy (o 551l (oS bl leall ey iy 58 il
ey il e Al G S la e s callal) elad] maen 8 (alad) (adle o piall i A 5 (50 aliial
Jab 4 giall il gonl s L o3 (g (g e Lusall i) LS A0l adall (e oy gilay () am jal) alaee Ol A
kel san) A guall (368 s galy ol 20 (i Aliina g3 6l Al 4y 5y BaeLise Al 4085 A 5 ¢ 32U gl
o5 A o) Sy jal) awis ) 532l (g s (sl (o5l a) (e (505 g lsall dmall ¢ ga ggll Jama (5 gihna i o AaS sl
oandl  alial ol J s 45 sall (38 Gl sall Cldle (5a)



Gy ll ey 222133 5 (AMH*AFC/AGE) ) Jhliial 5 ise anii sdsal jal) 038 (e gl
daall Jama s Lale J saandl 25 il A3aY) 83 s g il sall ¢ SUN Bl ) shall e isall

O sShs Aulial) 40 ) Al

Sy sall gl i el 222l )
W) 4y ghall liay gal) 2ae Y

\le Jpanll o Al sl dpe gig 2 ¥
Jeall Jama o 04, 300 Al

cplainall Ol 1 Al 50 Al Hall o3 il sAuwd Al Y
: 2 A BERCD I asanas

B £0.YY G o s gl i aball (g el 8l el (i e Al oda iy jal 148 yhal) g min sal)
a2k sisadl Jala 4 siall i) gl il Cprand g cadedll jaall Lidiue 33 saddl sabe cmal ) (F,91474,V0)
) pandll g oy )l Jualdil ¢ gadll dizay 5o JSIY YT I LN YO YY G et il Jisha

(islall sl 3 cmall ariall ¢ ga sel adl ATy Al Ayl (338 il sall) 5521 (g (S 5l
Aggjﬂ\’&laj\ Q_It:\LEJJL}S.A‘j 6d.m-oj‘ Q...\ES\}(.}):I} ‘dﬁd\):u.u:}“j ‘)S}A-UJLAAAM U)‘“J@J‘)

22 b (Jofal st i) lsall slmall (5 g sell Jin (5 siesa o n (3 oo el Blaiad @55 e ol (ld o
(25 el yae e Aagiill Land &3 ey (ale Y-8 syl aly Sl &y jlad) iy yal

6 sissa A& el sall i 5 ol sall elil) G 5aS (58 i IS5 QYT FY g hadll de sanall Jaall Jare oS
Loyl 43Sy (5 ) gall dlimall oy s ped) of () sl il g e AT Al o pa ) i IS 531 5 (550 sall dlizaall () 5 sgll
(v 0+ Gl P i) cJaall il Jitue (S sl

OIS Eua Jal sl e 5 ol sall el Gy pranaall abgialy 5uil) 5 e 8 S CODEA 2 ga s Adlall Au) jall & gl
el sall e de ganall L die Jal ol sludll ie 53 ef (apal) Jhaliialy saill s

e ABe ollia il (Al gaiall 2aY) aae gAY 2 (Sl Bl ) ghall g apall algaly gl 5 5a Cp A83al)

S5 el gl oLl (o] mnnal) iy il 5l il ) syt AL e gl laas¥) st o) ya)
RES e alidil g el el il jadl ae 5 e slsall sl cadl (5 gasell gl 5 ORPI (s S e B 51 llia
(047



AUC 253 5 panal) Jhliialy il 5 Sise jedal (0 JSill) ¢ doed) Jala 4 siall Clil gall (s #las Jazay il
¢) pdadll i e AUC 1.005 N sill (Ao %Y v+ 5%3Y Lo s dulua Jary laa ¢F adadll ddads dic Y, 00 5,08
G rlad Jama S 5 Jale 30 ORPI O G sy Lea o sl e 9690 596 v e syl n any Laa
oS sl JAl 4y gal) S gaal)

VN ES

B padl S) e il Cpe A B A8 el By s 5S1 e (B (Y saell Ja10 2 sial) il gual) it AlaaY) el s o
REBESUEFENGEN

%Y Y, Y'Y du ol de ganall Jaall Ao cialy

Jalsall ye de sanall (8 4ie dalsal) sluall & 3 e d b ) sal slaall ¢y sa el IS o

il Lo 8 SN 00 paed) Jala By siall il saall s mali g 3 DS 555 5l g sl Syl o

Salsall y Ao ganalh 45 i Jalsall sbadll (gal 58S Jef panall Jalialy 5l 85 S o

e ST vl ABS 8 5e (mlidil g eyl iy jall dae 5 ol gal daall ) gaell 8 i) el 315l eluaill o
oanall alialy sl dse g,

(sl Gle %) 0 523V de s Al dany Laa ¥ adadll Ak vie ), v+ deiy ORPI AUC el «

LY aae 5 o A 35wy shll ae Ganall Jabialy sasill 5 ise (5 siwe Gn 4 siee dulag) Ae Gllia CuilS o
Al saiall 2aaY) s g



ladl Gl g Al aaledll 3 ) 5
bl A4S b daala
Agadall 1 5l 5 daluadll o 3

Jala Ay siall il gl (i gty 5a0il) Gasaall (15 3 il jdiipa pul
a5l 330 an

Jﬁu;Ld\&;J&d@tLbﬂd&(}ngj;(ghjgbgaanh»gﬁﬂ\&&SuA;ALQ\QAﬁAKRuJ
Al Al | bl 3

JB (e
Jils dzala-calall A0S — dale dal oy ada Ga s SIS

PR
JQD&ASGHJ ﬁluY\
PENEEN W T Al bl ae Glia o

aYovy A VEEE



