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Abstract 
Study Method: Total of 50 patients in vitro fertilization/intracytoplasmic sperm injection(IVF/ICSI) cycles 
participated in this prospective study. The endometrial thickness, endometrial morphology and the level of 
serum progesterone were determined on the day hCG was given. Serum beta hCG was measured 14 days 
after embryos transfer. The association between endometrial thickness, endometrial morphology and level 
of serum progesterone with pregnancy was analyzed.  
Result: Pregnancy was achieved in 10 out of 50 patients (20.0%). The mean endometrial thickness for the 
pregnant group was 9.86 ±1.68 mm, 7 out of 10 pregnant patients had trilaminar endometrium. The mean 
progesterone level was 3.717 ± 1.071nmol/L for the pregnant group and 1.408 ± 4.691nmol/L for the non-
pregnant group. All differences were not statistically significant. 
Conclusion: Endometrial thickness, endometrial morphology and the level of serum progesterone on the 
hCG day was not significantly associated with the outcome of IVF/ ICSI cycles. 
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1. Introduction  
The advancement of assisted reproductive techniques has led to the improvement of pregnancy 
rates with in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) cycles. 
However, despite the advance techniques used, there were lots of failed cycles which have led to 
disappointment and more stressful condition among the couples who sought the treatment. The 
stressful condition has virtuously caused an increasing rate of failed cycle. For decades, 
researchers have tried to look at the factors which may contribute to the failure of IVF/ICSI 
cycles. Endometrial receptivity has been shown to be one of the factors. 
Endometrial thickens during the proliferative phase of the menstrual cycle in response to the 
oestrogen secretion by the maturing follicles. The thickened endometrium provides a site for 
embryo implantation during the first few weeks until placenta develops. Although there is little 
doubt that the physiological thickness of the endometrium is critical in the implantation of a 
successful pregnancy, there is still a controversy on the variation of thickness contributing to the 
success of IVF/ ICSI cycles.  
Several studies have suggested a correlation between greater endometrial thickness (ET) for 
pregnant versus non-pregnant of IVF/ ICSI cycles [1-7]. Some studies have reported non-
successful pregnancies with ET below 6-9mm, even though the number of transfers to patients 
below this threshold were small [5-10]. In contrast, many studies reported that there was no 
correlation between ET with pregnancy rates [9-10].  
The current study was designed to determine the correlation between endometrial receptivity, 
which include ET and endometrial morphology and level of progesterone during hCG injection 
day with pregnancy in IVF/ ICSI cycles. Should it be significantly correlated, to identify the 
thickness required for successful implantation. 
 
2. Methodology 
This study was conducted over a period of 18 months, from 1st February 2016 until 31st July 
2017, in the Hospital USM Fertility Unit. Approval to conduct this study was obtained from the 
Human Medical Research and Ethics Committee of USM. All patients who were subjected for 
IVF/ ICSI cycle were recruited using the systematic random sampling method. Patients with
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medical illnesses such as uncontrolled diabetes mellitus, 
antiphospholipid disorders, active pelvic inflammatory disease, 
tuberculosis, psychiatric illness and recurrent miscarriages were 
excluded. 
Patients were stimulated using the short antagonist protocol. 
Subcutaneous follitropin beta (Puregon®) at 300iu was 
administered on daily basis starting from the second day of 
menstrual cycle. Every other day of transvaginal scan were 
performed starting from day seventh of the cycle to determine 
the number and size of growing follicles. When at least three 
dominant follicles reached 13 to 14mm in diameter, additional 
250mg of GnRH antagonist (Orgalutran®) injections were 
added, to prevent from premature LH surge which may cause 
premature ovulation, until the growing follicles mature at sizes 
of 16-18mm in diameter. At this stage, the number of mature 
follicles, endometrial thickness and morphology, as well as the 
level of serum progesterone were determined, and 10000iu of 
hCG injection was administered at 2200hour on the same day. 
Ultrasound guided oocyte retrieval was performed 36 hours later 
with the patient put under general anaesthesia. The number of 
the oocyte obtained was documented. The oocyte was then 
inseminated either using the IVF or ICSI as appropriate, using 
the Vitrolife® culture media. The success of fertilization was 
determined 17 hours later by looking at the presence of 
pronuclear body. Subsequently the embryos were cultured until 
they reached blastocyst stage. The blastocyst –stage embryos 
were transferred into the uterus five days after fertilization, 
under ultrasound guidance. Prior to the transfer, the quality of 
the embryos were determined. Only two embryos were 
transferred at a time. The remaining embryos were froze in 
liquid nitrogen. Progesterone supplementation was given to all 
patients after the transfer. 
The serum level of beta hCG was determined three weeks after 
the transfer. Patients with serum beta hCG more than 2miu/L 
was labeled as having biochemical pregnancy. Clinical 

pregnancy was defined by visualization of gestational sac on 
ultrasound 3 weeks after embryo transfer. 
The relationship between patients’ age, stimulation length, 
embryo- quality score, endometrial thickness, morphology and 
serum progesterone on hCG injection day with success of 
implantation was determined by t-test. The primary infertility 
diagnosis was compared by chi-square analysis. Receiver 
operating characteristic (ROC) analysis was use to evaluate the 
discriminatory ability of endometrial thickness. 
 
3. Results 
Out of 58 patients initially enrolled, only 50 patients completed 
the cycle until embryo transfer. 2 patients whose age 39 and 42 
years had empty oocyte syndrome, 4 patients developed ovarian 
hyperstimulation syndrome for which the embryo transfer were 
deferred, and 1 patient had all Grade C embryos and another 
patient had arrested embryo.  
Patients ages ranged from 26-43 years (mean age of 34.74 ±4.34 
years). 41 patients (82.0%) were having primary infertility while 
the remaining 9 patients (18.0%) were secondary infertility. The 
mean duration of subfertility was 7.70 ±2.95 years. Endometrial 
thickness on day of hCG administration ranged from 6.1 to 
14mm (mean endometrial thickness 9.6 ±2.36mm). The 
endometrium during the hCG day was noted to be trilaminar in 
25 patients (50.0%) and another half was having homogenous 
morphology of endometrium. The mean level of serum 
progesterone on hCG day was 6.20 ±11.49nmol/L.  
Out of 50 patients who had completed the study, pregnancy was 
achieved in ten patients (20.0%). Among them, two patients 
were delivered at term, one patient had preterm prelabour 
rupture of membranes at 30 weeks, one patient with ongoing 
pregnancy while the rest aborted during the first trimester. The 
other 40 patients (80.0%) failed to achieve pregnancy after the 
IVF/ ICSI procedure.  

 
Table 1: Patient and cycle characteristic between the pregnant and non-pregnant cycles 

 

 
Pregnant 

(n=10) 
Non-pregnant 

(n=40) 
p value 

Patient’s age (years) 34.50 (4.22) 34.80 (4.42) 0.296 
Types of infertility

 Primary (n, %) 7  34 0.657 

 Secondary (n, %) 9 7  

Duration of subfertility (mean, SD) 7.70 (2.95) 6.60 (3.77) 0.273 
Primary diagnosis

 Male infertility (n, %) 1 (10.0%) 7 (17.5%)  
 Male and female infertility (n, %) 2 (20.0%) 14 (35.0%)  
 Unexplained infertility (n, %) 1 (10.0%) 5 (12.5%)  

Female infertility
 Ovulation disorder + polycystic 

ovaries (n, %) 
3 (30.0%) 10 (25.0%)  

 Endometriosis (n, %) 
1 (10.0%) 
2 (20.0%) 

2 (5.0%) 
1 (2.5%) 

 

 Tubal factor (n, %) 0 (0.0%) 1 (2.5%)  
 Uterine factor (n, %) 0 (0.0%) 0 (0.0%)  

 Others (n, %) 3 (30.0%) 10 (25.0%)  

Mean stimulation length (days) 10.44 (0.88) 11.59 (1.69) 0.964 
Mean endometrial thickness (mm) 9.86 (1.68) 9.77 (2.53) 0.99 

Endometrial morphology
 Trilaminar (n, %) 7(14) 18 (36) 0.157 

 Homogenous (n, %) 3 (6) 22 (44)  
Mean progesterone level (nmol/L) 3.717 (1.071) 1.408 (4.691) 0.3843 
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Table 1 describes the patients’ and cycle characteristic between 
the pregnant and non-pregnant group. There was no difference 
in the age of the patients in either group. Patients achieving 
pregnancy seems to have longer duration of subfertility. Female 
factor remains the leading cause of subfertility in the pregnant 

group (60.0%) whilst combination of female and male factors is 
the leading cause for the non-pregnant group (35.0%). Patients 
who managed to achieve pregnancy have shorter stimulation 
days (10.44 ± 0.88 days) as compared to the non-pregnant group 
(11.59 ± 1.69 days).  

 
Table 2: The association between groups of endometrial thickness with success to achieve pregnancy 

 

Variable 
Regression 

coefficient (b) 
Crude Odds Ratio 

(95% CI) 
Wald 

statistic 
p-value 

Endometrium Thickness (mm) 
< 7 0 1   

7 - 14 19.98 475139773.4 (0.00) 0.00 0.99 
> 14 0.00 1 (0.00) 0.00 1 

 
When looking at the ET, most patients have endometrium of 
more than 8mm thick on the hCG day, regardless of the outcome 
of pregnancy (9.86 ± 1.68mm and 9.77 ± 2.53mm for pregnant 
and non-pregnant group respectively). However, patients 
achieving pregnancy have thicker mean ET. None of the 

pregnant patients have ET of less than 7mm or more than 14mm.  
Most of the pregnant patients have trilaminar endometrium on 
the hCG day (n=7, 70.0%). 55.0% of the non-pregnant group 
were noted to have homogenous pattern while only 45.0% of 
them have trilaminar pattern. 

 
Table 3: The association between morphology of endometrium and outcome of IVF/ ICSI 

 

Morphology of   Endometrium 
Outcome of IVF/ICSI 

p-value 
Not Pregnant n (%) Pregnant n (%) 

Trilaminar 18 (36.0) 7 (14.0) 
0.157a 

Homogenous 22 (44.0) 3 (6.0) 
 

The mean serum progesterone on the hCG day in the pregnant 
group was 3.717 ± 1.071nmol/L and 1.408 ± 4.691nmol/L for 
the non-pregnant group. None of the pregnant patients has serum 
progesterone more than 6.0nmol/L. The lowest serum 
progesterone in the pregnant group was 1.29nmol/L and the 
highest was 5.39nmol/L.  
Due to the imbalance number between the pregnant and non-
pregnant group, significant comparison could not be made. 
However, when the number is balanced and compared, none of 
the variables to test for endometrial receptivity is significant. 
 
4. Discussion 
The mean age for this study was 34.74 ± 4.34 years. The age 
ranged from 26 – 43 years. Age is one of the prognostic factors 
for IVF/ICSI-ET outcome as fertility declined with advancing 
age in view of reduction of ovarian reserve. As reported in many 
studies, advanced age is associated with poorer outcome of IVF 
treatment compared with younger age (11-39). Pregnancy rate in 
women more than 37 years old is about 9.4 per cent (37). 
The mean duration of subfertility was 7.70 ±2.95 years. 
Duration of subfertility was has inverse relation with the success 
of any fertility treatment (34-42). Carrier prioritization was said 
to be one of the commonest factors for the delay in seeking 
fertility treatment. On the other hand, it may also indicate lack of 
fertility knowledge and awareness in the population. This study 
was performed in Kelantan where the economic status is still 
considered under average. Although Hospital USM is the only 
hospital in the state which provides comprehensive fertility 
treatment, the number of patients who seek early fertility 
treatment is small, perhaps due to financial constraint as well as 
the stigma put by the community on those people who seek the 
treatment.  
In this study, the main primary cause of subfertility is 
combination of male and female factor, contributing to 32.0% of 
the cases. However, among those who achieved pregnancy, 
ovulatory disorder including PCOS is the main contributory 
factor (n=3, 30.0%). Although unexplained infertility carries 
higher chance to have successful ART treatment, only one out of 

five patients with unexplained infertility is successful to 
conceive.  
 
4.1 Endometrial Receptivity 
Endometrial receptivity is defined as a temporary unique 
sequence of factors that make the endometrium receptive to the 
embryonic implantation. It is the window of time when the 
uterine environment is conductive to blastocyst acceptance and 
subsequent implantation. The process of implantation may be 
separated into a series of developmental phases starting with the 
blastocyst hatching and attachment to the endometrium and 
culminating in the formation of the placenta. The steps start with 
apposition, and progress through adhesion, penetration and 
invasion. Many measures were used to evaluate endometrial 
receptivity. In this study, endometrial receptivity is evaluated 
using endometrial thickness, morphology and the level of serum 
progesterone during the hCG day.  
 
4.2 Endometrial thickness 
Endometrial thickness is traditionally accepted as a non-invasive 
tool to assess endometrial status. For implantation to occur, 
adequate proliferative and secretory changes are necessary, but 
optimum baseline thickness is still debatable. Endometrial 
thickness can be regarded as a reflection of the degree of 
endometrial proliferation in absence of endometrial pathology, 
and it is measured in the midsagittal plane during transvaginal 
ultrasound scan.  
Previous study showed conflicting result as regards to the effect 
of ET in IVF/ICSI cycles. Bazer et al [10] has concluded that ET 
of less than 7mm on the day of hCG is associated with lower 
pregnancy rate comparing to the group whose ET more than 
14mm. In contrast Dietterich in 2002 and Al Gamdi et al in 2008 
[20, 28] failed to note such relationship. 
In our study, the mean ET in pregnant group is 9.86 ±1.68 mm, 
while in non-pregnant group is 9.77+2.53mm. This finding is 
consistent with previous study by Kovacs et al in 2003 who 
reported the mean ET was 10.1+1.7 mm in pregnant group and 
8.9 ±2.0mm in non-pregnant group [3]. Zhoa et al in 2014 
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reported mean endometrial thickness of 11.0 +2.2mm for 
pregnant group [43].  
Most of the study concluded that 7 mm is the cut off ET that 
described as thin endometrial. Pregnancy rate is higher in thicker 
endometrial thickness but Weissman et al. (1999) reported lower 
implantation and pregnancy rate among women with ET more 
than 14 mm on the day of hCG administration [40]. It is not 
possible to analyse the cut off point for ET in this study due to 
the very small data for the non-pregnant group. However, all 
pregnant patients were noted to have ET between 7-14mm, 
which is consistent with most of previous studies.  
When the endometrium is thin, the functional layer is thin or 
absent, and implanting embryo would be closer to the spiral 
arteries of the endometrium and higher vascularity and oxygen 
concentration of basal endometrium. The increase oxygen 
tension could be detrimental compared with usual low oxygen 
tension on the surface endometrium. 
These variations of all the conflicting studies might be due to the 
differences in the stimulation protocol or differences in patient 
characteristics (age, embryo quality and cause of infertility), and 
differences in time of ET measured. 
As this study showed no significant association between 
pregnancy rate and ET, it is concluded that Et alone should not 
be used as a tool to decide on cycle cancelation, freezing the 
embryo and refraining from further IVF treatment.  
 
4.3 Endometrial morphology 
Endometrial morphology assessment is one of the features 
describing endometrial receptivity. The assessment of 
endometrial morphology varies, depending on the echogenicity 
of the endometrium compared to adjacent myometrium. 
Endometrial pattern noticed was either trilaminar (triple line), 
which hypoechoic endometrium with well-defined hyperechoic 
outer walls and a central echogenic line, echogenic or 
homogenous endometrium, which is a homogenous hyperechoic 
endometrium with absent central echogenic line, or intermediate 
endometrium which appeared as an endometrial pattern that was 
transitioning into an echogenic one at the myometrial and 
endometrial interface, but still had some element of well define 
central echogenic line with hypoechoic area between these line 

[6].  
No triple line endometrial pattern seems to be a less prognostic 
factor of IVF outcome, while triple line is associated with better 
outcome. It is noted that the endometrial morphology was 
equally divided between the trilaminar pattern and the 
homogenous pattern (n=25, 50.0% each group). Among those 
who achieve pregnancy, 7 out of 10 patients (70.0%) were noted 
to have trilaminar endometrium. Even though it seems to be an 
association between endometrial morphology with successful 
IVF/ ICSI outcome, when the data was further analyzed using 
the Pearson Chi Square Test, this association was not 
statistically significant. This finding supported by Chen et al., 
2010 in a retrospective cohort study demonstrated no prognostic 
value of endometrial pattern for pregnancy [24]. 
A triple line pattern reflects endometrial proliferation. The 
presence of such pattern on the day of hCG injection has been 
found to be better prognosis in IVF than absence in this pattern. 
The absence of triple line pattern may be sign of premature 
secretory changes and that the time of maximal endometrial 
receptivity has passed. Jing Zhao et al., in 2014 in a huge 
retrospective study involving 3319 patients found that 
endometrial pattern had significant pregnancy rate in trilaminar 
pattern on the day of hCG injection (p<0.05). The insignificant 
finding of this study on endometrium morphology and IVF/ ICSI 

outcome could be due to the small sample size. 
 
4.4 HCG day progesterone level 
Serum progesterone taken during the hCG day is another method 
used to assess endometrial receptivity. In our study, the mean 
level of serum progesterone in pregnant patient was 3.717 ± 
1.071nmol/L. This level was not proven to be statistically 
significant to indicate success of IVF/ ICSI cycle. This result is 
consistent with the report by Makker et al in 2006 who 
concluded that serum progesterone on the day of hCG injection 
is not significant to assess endometrial receptivity (p value= 
0.212). However, it was also concluded that serum progesterone 
was found to be significantly higher in non-pregnant group (p 
value= 0.01). The high level of progesterone induced more 
echogenic endometrium, thus impairing endometrial receptivity. 
The exact level of serum progesterone to indicate acceptable 
endometrial receptivity is yet to be concluded. However, several 
studies have documented that implantation rate is low with 
progesterone level of more than 6.0mmol/L (43-49). Whether or 
not to postpone the transfer of embryo when serum progesterone 
goes beyond this level is yet to be finalized.  
 
5. Conclusion 
The results of this study showed that neither endometrial 
thickness and morphology, nor serum progesterone is associated 
with higher pregnancy rate. However, the results could be 
overshadowed by the small number of subjects. 
 
6. References 
1. Glissant A, De Mouzon J, Frydman R. Ultrasound study of 

the endometrium during in vitro fertilization cycles Fertil 
Steril. 1985; 44:786-90. 

2. Gonen Y, Casper RF, Jacobson W, Blankier J. Endometrial 
thickness and growth during ovarian stimulation: a possible 
predictor of implantation in in vitro fertilization Fertil Steril. 
1989; 52:446-50. 

3. Kovacs P, Matyas S, Boda K, Kaali SG. The effect of 
endometrial thickness on IVF/ICSI outcome. Human 
Reprod. 2003; 18:2337-41. 

4. Kevin S, Richter, Kathleen R, Bugge, Jason G, Bromer, 
Michael J. Levy. Relationship between endometrial 
thickness and embryo implantation, based on 1,294 cycles 
of in vitro fertilization with transfer of two blastocyst-stage 
embryos. Fertility Sterility. 2007; 87(1):53-59. 

5. Liu HM, Xing FQ, Chen SL, Li H. [Predictive value of 
endometrial ultrasonography and age for the outcome of in 
vitro fertilization-embryo transfer]. Di Yi Jun Xue Xue Bao. 
2005; 25:570-2. 

6. Rashidi BH, Sadeghi M, Jafarabadi M, Tehrani Nejad ES. 
Relationships between pregnancy rates following in vitro 
fertilization or intracytoplasmic sperm injection and 
endometrial thickness and pattern. Eur J Obstet Gynecol 
Reprod Biol. 2005; 120:179-84. 

7. Michael L Traub, Anne Van Arsddale, Lubna Pal, Sangita 
Jindal and Nanette Santoro. Endometrial thickness, 
Caucasian ethnicity, and age predict clinical pregnancy 
following fresh blastocyst embryo transfer: a retrospective 
cohort. ReproductiveBiology and Endocrinology. 2009; 
7:33-9. 

8. Garcia Velasco JA, Isaza V, Caligara C, Pellicer A, Remohi 
J, Simon C. Factors that determine discordant outcome from 
shared oocytes. Fertil Steril. 2003; 80:54-60. 

9. Laasch C, Puscheck E. Cumulative embryo score, not 
endometrial thickness, is best for pregnancy prediction in 



International Journal of Clinical Obstetrics and Gynaecology http://www.gynaecologyjournal.com 

~ 79 ~ 

IVF. J Assist Reprod Genet. 2004; 21:47-50. 
10. Bazer FW, Spencer TE, Jhonson GA, Burghardt RC. 

Comparative aspects of implantation. Reproduction. 2009; 
138:195-209.  

11. Jensen F, Woudwyk M, Teles A, Woidacki K. Estradiol and 
Progesterone regulate the migration of mast cells from the 
periphery to the uterus and induce their maturation and 
degranulation. PLoS One. 2010; 5:12:e14409.  

12. Gruber I, Just A, Briner M, Losch A. Serum 
estradiol/progesterone ratio on day of embryo transfer may 
predict reproductive outcome following controlled ovarian 
hyper stimulation and in vitro fertilization. JECAR. 2010; 
4:1.  

13. Stravreus-Evers A, Nikas G, Sahlin L. Formation of 
pinopodes in human endometrium is associated with the 
concentrations of progesterone and progesterone receptors. 
Fertil Steril. 2001; 76:782-791.  

14. Rehman R, Hussain Z, Siddiq AA. Role of Progesterone in 
human embryo implantation. RMJ. 2012; 37:194-198. 

15. Friedler S, Zimerman A, Schachter M, Raziel A, 
Strassburger D, Ron ElR. The midluteal decline in serum 
estradiol levels is drastic but not deleterious for 
implantation after in vitro fertilization and embryo transfer 
in patients with normal or high responses. Fertil Steril. 
2005; 83:54-60.  

16. Rehman R, Hussain Z, Zuberi NA. Prediction of success in 
intra cytoplasmic sperm injection (ICSI) by estimation of 
serum Estradiol/ Progesterone ratio on the day of embryo 
transfer. J Pak Med Assoc. 2013; 63:609-613.  

17. Abuelghar WM, Elsaeed MM, Tamara TF, Ellaithy MI, Ali 
MS. Measurement of serum estradiol/progesterone ratio on 
the day of embryo transfer to predict clinical pregnancies in 
intra cytoplasmic sperm injection (ICSI) cycles. Is this of 
real clinical value? Middle East Fertil Soc J. 2013; 18:31-
37.  

18. Check ML, Bollendorf A, Check JH, Katsoff D. 
Reevaluation of the clinical importance of evaluating sperm 
morphology using strict criteria. SYST Biol Aboubakr M. 
Elnashar MD, Gamal I, Aboul-Enein MD. Endometrial 
receptivity. Middle East Fertility Society Journal, 2004, 
9(1). 

19. Al-Ghamdi A, Coskun S, Al-Hassan S, Al-Rejjal R, 
Awartani K. The correlation between endometrial thickness 
and outcome of in vitro fertilization and embryo transfer 
(IVF-ET) outcome. Reprod Biol Endocrinol. 2008; 6:37. 
Doi: 10.1186/1477-7827-6-37 

20. Dr. Adibah Ibrahim AP, DNR A, Prof Mohd Shukri. A 
Quick Guide to the management of infertility, 2011. 

21. Basima Shamkhi AL, Ghazali DMAJ. Factors affecting 
intra-cytoplasmic sperm injection (ICSI) and pregnancy 
outcome in the Fertility Center of Al-Najah City. The Iraqi 
Postgraduate Medical Journal. 2013; 12:6. 

22. Check JH, Nowroozi K, Choe J, Lurie D, Dietterich C. The 
effect of endometrial thickness and echo pattern on in vitro 
fertilization outcome in donor oocyte-embryo transfer cycle. 
Fertil Steril. 1993; 59(1):72-75. 

23. Chen SL, Wu FR, Luo C, Chen X, Shi XY, Zheng HY, Ni 
YP. Combined analysis of endometrial thickness and pattern 
in predicting outcome of in vitro fertilization and embryo 
transfer: a retrospective cohort study. Reprod Biol 
Endocrinol. 2010; 8:30. Doi: 10.1186/1477-7827-8-30 

24. Collins JA, Bustillo M, Visscher RD, Lawrence LD. An 
estimate of the cost of in vitro fertilization services in the 
United States in. Fertil Steril. 1995; 64(3):538-545. 

25. David M, Luesley PNB. Obstetrics and Gynaecology: An 
evidence-based text for MRCOG Second Edition, 2010. 

26. Dickey RP, Olar TT, Curole DN, Taylor SN, Rye PH. 
Endometrial pattern and thickness associated with 
pregnancy outcome after assisted reproduction technologies. 
Hum Reprod. 1992; 7(3):418-421. 

27. Dietterich C, Check JH, Choe JK, Nazari A, Lurie D. 
Increased endometrial thickness on the day of human 
chorionic gonadotropin injection does not adversely affect 
pregnancy or implantation rates following in vitro 
fertilization-embryo transfer. Fertil Steril. 2002; 77(4):781-
786. 

28. Glissant A, De Mouzon J, Frydman R. Ultrasound study of 
the endometrium during in vitro fertilization cycles. Fertil 
Steril. 1985; 44(6):786-790. 

29.  Hughes EG, Yeo J, Claman P, Young Lai EV, Sagle MA, 
Daya S et al. Cigarette smoking and the outcomes of in 
vitro fertilization: measurement of effect size and levels of 
action. Fertil Steril. 1994; 62(4):807-814. 

30. JA OAO. Correlation between endometrial thickness and 
IVF outcome in African population. Gynecology & 
Obstetrics, 2002, 22. 

31. Kasius A, Smit JG, Torrance HL, Eijkemans MJ, Mol BW, 
Opmeer BC, Broekmans FJ. Endometrial thickness and 
pregnancy rates after IVF: a systematic review and meta-
analysis. Hum Reprod Update. 2014; 20(4):530-541. Doi: 
10.1093/humupd/dmu011 

32. Khalaf Y. Infertility. Obstetrics and Gynaecology: An 
evidence-based text for MRCOG Second Edition, 2010. 

33. Liu HM, Xing FQ, Chen SL, Li H. [Predictive value of 
endometrial ultrasonography and age for the outcome of in 
vitro fertilization-embryo transfer]. Di Yi Jun Yi Da Xue 
Xue Bao. 2005; 25(5):570-572. 

34. Makker A, Singh MM. Endometrial receptivity: clinical 
assessment in relation to fertility, infertility, and 
antifertility. Med Res Rev. 2006; 26(6):699-746. Doi: 
10.1002/med.20061 

35. Martin JR, Mahutte NG, Arici A, Sakkas D. Impact of 
duration and dose of gonadotrophins on IVF outcomes. 
Reprod Biomed Online. 2006; 13(5):645-650. 

36. Qublan HS, Malkawi HY, Tahat YA, Areidah S, Nusair B, 
Khreisat BM et al. In-vitro fertilisation treatment: factors 
affecting its results and outcome. J Obstet Gynaecol. 2005; 
25(7):689-693. Doi: 10.1080/01443610500292353 

37. Templeton A, Morris JK, Parslow W. Factors that affect 
outcome of in-vitro fertilisation treatment. Lancet. 1996; 
348(9039):1402-1406. Doi: 10.1016/s0140-6736(96)05291-
9 

38. Weissman A, Gotlieb L, Casper RF. The detrimental effect 
of increased endometrial thickness on implantation and 
pregnancy rates and outcome in an in vitro fertilization 
program. Fertil Steril. 1999; 71(1):147-149. 

39. Weissman A, Levin D, Ravhon A, Eran H, Golan A, Levran 
D. What is the preferred method for timing natural cycle 
frozen-thawed embryo transfer? Reprod Biomed Online. 
2009; 19(1):66-71. 

40. Wu Y, Gao X, Lu X, Xi J, Jiang S, Sun Y, Xi X. 
Endometrial thickness affects the outcome of in vitro 
fertilization and embryo transfer in normal responders after 
GnRH antagonist administration. Reprod Biol Endocrinol. 
2014; 12:96. Doi: 10.1186/1477-7827-12-96 

41. Youm HS, Choi YS, Han HD. In vitro fertilization and 
embryo transfer outcomes in relation to myometrial 
thickness. J Assist Reprod Genet. 2011; 28(11):1135-1140. 



International Journal of Clinical Obstetrics and Gynaecology http://www.gynaecologyjournal.com 

~ 80 ~ 

Doi: 10.1007/s10815-011-9640-7 
42. Zhao J, Zhang Q, Wang Y, Li Y. Endometrial pattern, 

thickness and growth in predicting pregnancy outcome 
following 3319 IVF cycle. Reprod Biomed Online. 2014; 
29(3):291-298. Doi: 10.1016/j.rbmo.2014.05.011 

43. Jaime Larach Del Castillo, Maroun Bousamra, Laura De La 
Fuente, Jose A. Ruiz-Balda, Marissa Palomo. The Impact of 
Serum Progesterone Levels on the Results of In vitro 
Fertilization Treatments: A Literature Review. JBRA Assist 
Reprod. 2015; 19(3):141-7. 

44. Li R, Qiao J, Wang L, Zhen X, Lu Y. Serum progesterone 
concentration on day of HCG administration and IVF 
outcome. Reprod Biomed Online. 2008; 16(5):627-31. 

45. Shufaro Y, Sapir O, Oron G, Ben Haroush A, Garor R, 
Pinkas H, et al. Progesterone-to-follicle index is better 
correlated with in vitro fertilization cycle outcome than 
blood progesterone level. Fertil Steril. 2015; 103:669-
674.e3 

46. Papanikolaou EG, Pados G, Grimbizis G, Bili E, Kyriazi L, 
Polyzos NP et al. GnRH-agonist versus GnRH-antagonist 
IVF cycles: is the reproductive outcome affected by the 
incidence of progesterone elevation on the day of HCG 
triggering? A randomized prospective study. Hum 
Reprod. 2012; 27:1822-1828. 

47. Andersen AN, Devroey P, Arce JC. Clinical outcome 
following stimulation with highly purified hMG or 
recombinant FSH in patients undergoing IVF: a randomized 
assessor-blind controlled trial. Hum Reprod. 2006; 21:3217-
3227. 

48. Labarta E, Martínez-Conejero JA, Alama P, Horcajadas JA, 
Pellicer A, Simo´n C et al. Endometrial receptivity is 
affected in women with high circulating progesterone levels 
at the end of the follicular phase: a functional genomics 
analysis. Hum Reprod. 2011; 26:1813-1825. 

49. Souter I, Hill D, Surrey MW. Midluteal Estradiol-to 
Progesterone Ratio (E2/P4) has no effect on IVF outcome. 
Fertil Steril. 2003; 79:23 


