
 

 

Follicular Anti-Müllerian Hormone (AMH) 

as a Predictor for Embryo Grading and 

Clinical Pregnancy in Patients 

Undergoing In Vitro Fertilization (IVF) 
 

Thesis  
Submitted for the Partial fulfillment  

Of MD Degree in Obstetrics and Gynecology 
 

 

By 

Mortada El-Sayed Ahmed 
Assistant Lecturer of Obstetrics and Gynecology   

M.B. B.Ch, (2004), M.Sc. (2009) 
Faculty of medicine  

Ain Shams University 
 

Under Supervision of 
 

Prof. /Essam Mohammed Khater  
Professor of Obstetrics and Gynecology   

Faculty of Medicine - Ain Shams University 
 

Prof. / Magdy Hasan Koleib 
Professor of Obstetrics and Gynecology   

Faculty of Medicine - Ain Shams University 
 

Dr. / Amr Abd El Aziz El Sayed 
Lecturer of Obstetrics and Gynecology   

Faculty of Medicine - Ain Shams University 
 

 

Faculty of Medicine - Ain Shams University 

2012 



 

 

قياس الهرمـون المضـاد لعامـل المولييرين فـى 

في  المحلـول الحويصلى للمبيض كوسيله للتنبؤ

تصنيف الأجنة وحدوث حمل اكلينيكي فى 

ونقل  لإخصاب المعملىاحالات العقم المعالجة ب

 الأجنة
 

 رسالة
 الدكتوراهة ــــدرج ى ـول علـــللحصتوطئه 

 فى أمراض النساء والتوليد
 

 منمقدمة 
 مرتضــى السـيد أحمـــد/ طبيب

 مدرس مساعد أمراض النساء والتوليد
 4002 ماجستير أمراض النساء والتوليد - 4002بكالريوس الطب والجراحة 

 جامعة عين شمس –كلية الطب 
 

 تحت إشراف

 عصام محمد خاطر محمد الشيخ/ د.أ
 يدـاء والتولـراض النسـتاذ أمـأس

 جامعة عين شمس -طب الكلية 

 مجدى حسن كليب/ د.أ
 أستاذ أمراض النساء والتوليد

 جامعة عين شمس –كلية الطب 

 عمرو عبد العزيز السيد/ د
 مدرس أمراض النساء والتوليد

 جامعة عين شمس –طب الكلية 
 

 جامعة عين شمس -كلية الطب 



 

 

2112 



 

 

  
 

I’d like to express my respectful thanks and profound 

gratitude to  Prof. Essam Khater El Sheikh,  Professor of 

Obstetrics and Gynecology - Faculty of Medicine- Ain Shams 
University  for his keen guidance, kind supervision, valuable advice 
and continuous encouragement, which made possible the 
completion of this work. 

I am also delighted to express my deepest gratitude and 

thanks to Prof. Magdy Hasan Koleib, Professor of Obstetrics 

and Gynecology, Faculty of Medicine, Ain Shams University, for his 
kind care, continuous supervision, valuable instructions, constant 
help and great assistance throughout this work. 

I wish to introduce my deep respect and thanks to  

Dr. Amr Helmy, Lecturer of Obstetrics and Gynecology, Faculty of 

Medicine, Ain Shams University, for his great help, active 
participation, guidance and cooperation in this work. 

I am deeply thankful to Dr. Amr Abd El Aziz El Sayed, 
Lecturer of Obstetrics and Gynecology, Faculty of Medicine, Ain 
Shams University for his kind support and supervision. 

I would like to express my hearty thanks to all my family 
especially my wife for their support till this work was completed. 

Mortada El-Sayed 

FFiirrsstt  ooff  aallll,,  II  wwoouulldd  lliikkee  ttoo  eexxpprreessss    

mmyy  ddeeeepp  ggrraattiittuuddee  ttoo  AALLLLAAHH  ffoorr  hhiiss  ccaarree  aanndd  

ggeenneerroossiittyy  tthhrroouugghhoouutt  mmyy  lliiffee..  
 



 

 

List of Contents 

Title      Page No.  

Introduction .............................................................................................. 1 

Aim of the Work ....................................................................................... 4 

Review of Literature  

 Unexplained Infertility .............................................................. 5 

 Evaluation and Preparation of the Infertile 

Couple for In Vitro Fertilization ........................................... 13 

 Ovulation Induction (OI) ........................................................ 20 

 Anti-Müllerian Hormone ........................................................ 53 

 Embryo Grading ....................................................................... 70 

Patients and Methods ......................................................................... 95 

Results .................................................................................................. 107 

Discussion ............................................................................................ 117 

Summary .............................................................................................. 126 

Conclusion ............................................................................................ 129 

References ............................................................................................ 130 

Arabic Summary  

 



 

 

List of Tables 

Table No.       Title   Page No.  

Table (1): Theories about the aetiology of 

unexplained infertility. .................................................. 6 

Table (2): Efficacy of Empiric Therapies for 

Unexplained Infertility from Current Best 

Data. ................................................................................ 12 

Table (3):  Medical Screening......................................................... 14 

Table (4):  Composition of gonadotropin preparations ............. 21 

Table (5):  Results of conventional step-up protocol 

for gonadotropin ovulation induction in 

World Health Organization group II 

infertile patients ........................................................... 28 

Table (6): Amino acid sequence and substitution of 

the GnRH agonists. ...................................................... 40 

Table (7): Trade names, plasmatic half life, relative 

potency, route of administration, and 

recommended dose for the clinically 

available gonadotropin-releasing hormone 

analogs (GnRH-1) ......................................................... 40 

Table (8): FSH starting dose in In vitro fertilization 

ovarian stimulation protocol. ..................................... 44 

Table (9):  Summary of advantages and 

disadvantages of the different GnRH 

agonist protocols. .......................................................... 47 

Table (10):  Structure of GnRH and their analogs. To 

have agonistic actions only changes on 

positions 6 and 10 had to be made 

(triptorelin). For the GnRH antagonists, 

the GnRH molecule has to be changed in 

a much more sophisticated way................................. 49 

List of Tables (Cont…) 



 

 

Table No.       Title   Page No.  

Table (11): Distribution of the studied group as   

regard  age and infertility duration. ...................... 107 

Table (12):  Distribution of the  studied  group as 

regards type of infertility & clinical 

pregnancy outcome. .................................................... 107 

Table (13):  FF-AMH level among the studied cases. ............... 109 

Table (14): Comparison between pregnant and non 

pregnant groups as regard age, duration, 

type of infertility, embryo grading and 

Level of FF-AMH. ....................................................... 109 

Table (15): Correlation of FF-AMH to age and 

duration of infertility among the non 

pregnant group. ........................................................... 111 

Table (16): Correlation of FF-AMH to age and 

duration of infertility among the pregnant 

group. ............................................................................. 111 

Table (17): Correlation of embryo grade to FF-AMH 

among studied group. ................................................ 112 

Table (18): Validity of FF-AMH in prediction of 

pregnancy among the studied group. ..................... 116 

 



 

 

List of Figures  

Fig. No.       Title   Page No.  

Fig. (1): Suggested unexplained infertility 

management protocol ................................................... 12 

Fig. (2):  The threshold theory. When the follicle-

stimulating hormone level is above 

threshold, a follicle will be ‘rescued’ 

(continue to growth) ...................................................... 25 

Fig. (3):  Diagram illustrating the ‘luteinizing 

hormone window’ concept. FSH, follicle 

stimulating hormone ..................................................... 27 

Fig. (4):  The chronic low-dose step-up protocol for 

ovulation induction with follicle-

stimulating hormone ..................................................... 31 

Fig. (5):  The step-down protocol for ovulation 

induction with follicle-stimulating 

hormone ........................................................................... 33 

Fig. (6):  The combined protocol for gonadotropin 

therapy in World Health Organization 

group I anovulatory patients ...................................... 34 

Fig. (7):  Stimulation of multiple follicular 

development for assisted reproductive 

technologies ..................................................................... 38 

Fig. (8):  Gonadotropin-releasing hormone (GnRH) 

analog structure. ............................................................ 39 

Fig. (9):  A representation of the luteal-phase 

commencement long downregulation 

protocol ............................................................................. 43 

Fig. (10):  A diagram of the procedures, monitoring, 

and medicines used for short or Boost 

protocol commencing on day 2 of the 

menstrual cycle .............................................................. 46 



 

 

List of Figures (cont…)  

Fig. No.       Title   Page No.  

Fig. (11):  The single-dose GnRH antagonist protocol. 

Ovarian stimulation using gonadotropins 

starts on day 2 or 3 of the spontaneous 

menstrual cycle. ............................................................. 50 

Fig. (12): The multiple-dose GnRH antagonist 

protocol. ............................................................................ 52 

Fig. (13):  Folliculogenesis—the process of follicle 

maturation from the primordial follicle to 

the ovulatory follicle. .................................................... 56 

Fig. (14): AMH is secreted by pre-antral and antral 

follicles. ............................................................................ 57 

Fig. (15):  Correlations of FF AMH concentrations 

with age and COH parameters ................................... 69 

Fig. (16):  (a) Normal fertilization, even-sized nuclei 

correctly located in the oocyte with aligned 

nucleoli. (b) Nuclei not aligned by 18 hours 

after insemination; abnormal. (c) Nuclei of 

distinctly different sizes; abnormal. (d) 

Nuclei incorrectly positioned within the 

oocyte and small ............................................................. 73 

Fig. (17):  Zygote classifi cation according .................................. 78 

Fig. (18):  Z1 and Z2 zygotes. (a–d) Z1: equal 

numbers of equal-sized nucleoli aligned at 

the pronuclear junction. (e and f ) Z2: 

equal numbers of equal-sized nucleoli still 

scattered in the nuclei .................................................. 79 



 

 

List of Figures (cont…)  

Fig. No.       Title   Page No.  

Fig. (19):  Z3 zygotes. (a) Many small pinpoint 

nucleoli. (b–e) Inequality in size or 

number or alignment of nucleoli between 

the two nuclei. (f) many small scattered 

pinpoint nucleoli ............................................................ 80 

Fig. (20):  Zygote classifi cation ..................................................... 81 

Fig. (21):  Ideal features shared by pronucleate 

oocytes that have high viability ................................. 83 

Fig. (22):  Cleaving embryo scoring .............................................. 86 

Fig. (23):  The blastocyst grading system. ICM, inner 

cell mass. ......................................................................... 92 

Fig. (24):  Day 5 human blastocysts. ............................................ 93 

Fig. (25):  Ideal features of embryos scored at 25–26 

h, 42–44 h, and 66–68 h 

postinsemination/ICSI. ................................................. 93 

Fig. (26): Timeline for optimal blastocyst 

development .................................................................... 94 

Fig. (27):  Distribution of the studied group as 

regard type of infertility. ............................................ 108 

Fig. (28):  Distribution of the studied group as 

regard pregnancy outcome. ....................................... 108 

Fig. (29):  Comparison between pregnant and non 

pregnant group as regard FF-AMH. ....................... 110 

Fig. (30):  Correlation between FF-AMH with 

embryo grading in embryo (1). .................................. 113 

Fig. (31):  Correlation between AMH with embryo 

grading in embryo (2). ................................................ 113 



 

 

List of Figures (cont…)  

Fig. No.       Title   Page No.  

Fig. (32):  Correlation between FF-AMH with 

embryo grading in embryo (3). .................................. 114 

Fig. (33):  Correlation between FF- AMH with 

number of cells in embryo (1). ................................... 114 

Fig. (34):  Correlation between FF-AMH with 

number of cells in embryo (2). ................................... 115 

Fig. (35):  Correlation between FF-AMH with 

number of cells in embryo (3). ................................... 115 

Fig. (36):  Validity of AMH in prediction of 

pregnancy among the studied group. ...................... 116 

 



 

 

List of Abbreviations   

Abb.    Full term  

AFC Antral Follicle Count. 

AMH Anti-Müllerian hormone. 

AMHR Anti-Müllerian hormone receptor. 

ART Assisted reproductive technologies. 

BMI Body mass index. 

BMPs Bone morphogenetic proteins. 

CA Cancer antigen. 

CC Clomiphene Citrate. 

CD 3 Cycle day 3. 

COH Controlled ovarian hyperstimulation. 

COS Controlled ovarian stimulation. 

D3EQ Day 3 embryo quality.   

DFC Dense Fibrillar Component. 

d-OPU Day of ovum pick up. 

DOR Diminished  ovarian reserve. 

E2 Estradiol. 

FASTT Fast tract and standard treatment. 

FBC Full blood count. 

FC  Fibrillar Center. 

FF follicular fluid. 

FF-AMH Follicular fluid Anti-Müllerian hormone. 

FP Fragmentation pattern.  

FSH Follicle stimulating hormone. 

GC Granular Component. 



 

 

GnRH Gonadotrophin- releasing  hormone. 

GnRH-a Gonadotrophin- releasing hormone agonist. 

GnRH-nt Gonadotrophin-releasing hormone 

antagonist. 

HCG Human  chorionic  gonadotrophin. 

HH Hypogonadotrophic  hypogonadism. 

HMG Human menopausal gonadotrophins. 

HMG-HP Human menopausal gonadotrophins highly 

purified. 

ICSI Intracytoplasmic sperm injection. 

IUI Intrauterine insemination. 

IVF-ET In Vitro Fertilization –Embryo Transfer . 

LH Leutinizing hormone. 

MFD Multiple follicular development. 

MIF  Müllerian inhibiting factor. 

MIH Müllerian-inhibiting hormone.  

MIS  Müllerian-inhibiting substance. 

MOV Mean ovarian volume. 

NICE National Institute Health and Clinical 

Excellence. 

NPBs Nucleolar precursor bodies 

OHSS Ovarian hyperstimulation syndrome. 

OI Ovulation induction. 

PCOS Polycystic ovarian syndrome. 

pFSH Purified follicle stimulating hormone. 

PRL  Prolactin. 

rFSH Recombinant  follicle  stimulating hormone. 

rLH Recombinant   leutinizing hormone. 

ROC Reciever operating characteristics. 



 

 

SMAD  Signaling mothers against decapentaplegic 

homolog proteins to regulate cellular 

functions. 

TGF-ß Transforming growth factor ß. 

TMX Tamoxifen. 

TSH  Thyroid stimulating hormone. 

Ufsh Urinary  follicle stimulating hormone. 

uFSH-HP Urinary  follicle  stimulating hormone 

highly purified. 

WHO World Health Organization. 

WHO-IRP World Health Organization Second 

International Reference Preparation 

Z-Score  Zygot scoring. 

 

 

 

  

 

 



Introduction  

 1 

INTRODUCTION 

Anti-Müllerian hormone (AMH) or Müllerian-inhibiting 

substance (MIS) is a glycoprotein hormone of the transforming 

growth factor beta (TGF-β) family with a molecular weight of 

140 kilodalton. AMH is produced as a precursor and undergoes 

glycosylation or cleavage to form the mature molecule. AMH 

activity was localized to the immature sertoli cells from the 

time of fetal sex differentiation to puberty in the testis and to 

the granulose cells of postnatal ovary to the end of ovarian 

activity. The knowledge of the normal and pathological 

expression of AMH and the regulatory mechanisms involved 

encouraged scientists to study its clinical implications 

(Appasamy and Muttukrishna, 2008).  

Several studies have recently investigated the circulating 

levels of AMH throughout the menstrual cycle. Most studies 

have reported that AMH levels do not alter significantly 

throughout the cycle whereas one recent study reports a 

significant rise in AMH in the late follicular phase compared to 

ovulation and early luteal phase of the cycle (Wunder et al., 

2007).  

The specific expression pattern of AMH in growing 

follicles has prompted us and others to investigate whether 

AMH levels are indicative for the size of the growing follicle 

pool. The quantitative aspect of ovarian aging is reflected by a 


