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INTRODUCTION 

In Vitro Fertilization involves a sequence of highly 

coordinated steps beginning with controlled ovarian 

hyperstimulation with exogenous gonadotropins, 

followed by retrieval of oocytes from the ovaries under 

the guidance of transvaginal ultrasonography, fertilization 

in the laboratory and trans-cervical transfer of embryos 

into the uterus. Gonadotropin-releasing hormone (GnRH) 

antagonist is now widely used in controlled ovarian 

stimulation cycles, with advantages of shorter duration of 

treatment than agonist for pituitary down regulation, 

decrease requirement of total dose and duration of 

gonadotropin stimulation and has lower risk for ovarian 

hyperstimulation syndrome.1 Maternal Age, quality of the 

embryo and endometrial receptivity are the most 
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ABSTRACT 

Background: The study was conducted to assess the association between endometrial blood flow pattern assessed 

with colour Doppler around the day of HCG administration and IVF outcome following GnRH antagonist down 

regulated cycles. 

Methods: It was a prospective, cohort study. Total of sixty-eight patients undergoing IVF-ET/ICSI were recruited in 

the study. All the patients underwent controlled ovarian stimulation with a step-up protocol, and GnRH antagonists 

were used for down-regulation. Transvaginal ultrasound measurements of all patients were performed on the day of 

HCG injection. A 6.5 MHz pulsed Doppler system was used for blood flow analysis. Bilateral uterine arteries, 

pulsatility index and resistance index were calculated along with uterine artery peak systolic velocity on both sides. 

Endometrial blood flow was analysed by detecting flow in the intra-endometrial or the adjacent sub-endometrial 

regions. 

Results: Baseline FSH in pregnant group was lower (6.29) than non-pregnant group (7.36). The overall pregnancy 

rate was 45.6% (n=31) and the ongoing pregnancy rate was 41.1% (n=28). Total of 57 patients out of 68 patients had 

both good endometrial and sub-endometrial blood flow. The overall pregnancy rate in this group was 47.3%. 

Similarly, in patients who had minimal endometrial and sub-endometrial blood flow the pregnancy rate was 37.5%. 

There was no significant correlation between pregnancy outcomes and the color flow Doppler parameters such as 

average uterine PI, average uterine RI and right/left uterine peak systolic velocity. 

Conclusion: Uterine artery PI, RI and PSV has no role in predicting endometrial receptivity and thus pregnancy 

outcome in IVF-ET cycle, however those patient with good endometrial and sub-endometrial flow have higher 

pregnancy rate than those with minimal flow rate. 
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important factors for the success of IVF. Sonographic 

evaluation of Endometrial thickness (EMT) has been 

accepted as an indicator for endometrial receptivity, and 

assessment of the endometrium in the midsagittal plane 

via transvaginal ultrasound is the standard procedure. 

More recently endometrial blood flow assessment with 

colour Doppler energy has been used in predicting 

pregnancy outcome in IVF-ET cycles.2 Several studies 

have been conducted to evaluate the effect of controlled 

ovarian hyperstimulation with GnRH agonist and 

antagonist on endometrium receptivity or implantation 

with conflicting results.3-8 Moreover, GnRH antagonist 

for pituitary down regulation during ovulation induction 

has been seen to directly act on extra pituitary receptor, 

including the endometrium and has been associated with 

decrease endometrial receptivity.9 There are few studies 

examining the association between endometrial 

receptivity measured in the form of endometrial blood 

flow with colour Doppler and clinical outcome in the 

GnRH antagonist protocol.2,10 The aim of this study was 

to assess the association between endometrial blood flow 

pattern assessed with colour Doppler around the day of 

HCG administration and IVF outcome following GnRH 

antagonist down regulated cycles.  

METHODS 

This study was a prospective study undertaken at the 

CARE (Centre for Assisted Reproduction) Unit of 

department of Obstetrics and Gynecology, Singapore 

General Hospital, Singapore and was approved by the 

Institutional Review Board. Informed and written consent 

were obtained from the women willing to participate in 

the study. Total of sixty-eight patients undergoing IVF-

ET/ICSI were recruited in the study. All the patients 

underwent controlled ovarian stimulation with a step-up 

protocol, and GnRH antagonists were used for down-

regulation. Recombinant FSH was administered from day 

2 or day 3 of menstruation until the day of the HCG 

trigger for ovarian stimulation. GnRH antagonist was 

added from the day when at least one follicle reached 12 

mm in diameter and continued until the day of the HCG 

trigger. 

Transvaginal ultrasound measurements of all patients 

were performed on the day of HCG injection after they 

had emptied their bladder. A 6.5 MHz pulsed Doppler 

system was used for blood flow analysis. Bilateral uterine 

arteries Pulsatility index and resistance index were 

calculated along with uterine artery peak systolic velocity 

on both sides. Endometrial blood flow was analyzed by 

detecting flow in the intra-endometrial or the adjacent 

sub-endometrial regions within 10 mm of the echogenic 

endometrial borders. According to the endometrial blood 

flow the patients were divided into 4 groups.  

• Group 1: Good endometrial and sub-endometrial 

blood flow detected  

• Group 2: Minimal endometrial and sub-endometrial 

blood flow detected 

• Group 3: Endometrial blood flow present and sub-

endometrial blood flow absent 

• Group 4: Endometrial flow absent and sub-

endometrial flow present. 

Patients had day 3, two embryos of reasonable quality 

replaced into the uterine cavity 48 to 72 hours after the 

oocyte retrieval. Luteal phase support was given in the 

form of oral dydrogestrone tablet 10 mg three times a 

day. The patients were followed up for the outcomes. 

Serum beta HCG was performed on day 14 after embryo 

transfer. Ultrasound examination was performed 4 weeks 

after embryo transfer to confirm intrauterine pregnancy. 

The patients were divided into three groups. 

• Group 1: Non-pregnant 

• Group 2: Intrauterine pregnancy with live fetus 

• Group 3: Pregnancy with poor outcome including 

ectopic, biochemical and miscarriage. 

Statistical analysis 

Statistical Package for Social Sciences (SPSS) 11.5 

software was used to analyze the data. Continuous data 

are presented as mean±SD. Mean were compared 

between pregnant and non-pregnant group using 

independent sample mean comparison test at 95% CI 

where p value = 0.05. For categorical data chi-square test 

was used to find significant difference between pregnant 

and non-pregnant group with endometrial and 

endometrial flow rates. 

RESULTS 

During the study period, a total of 68 patients receiving 

gonadotropin antagonist down regulated cycles were 

enrolled for the study. Mean age group was 34 years. 

Baseline FSH in pregnant group was lower (6.29) than 

non-pregnant group (7.36). This difference in mean FSH 

between the two groups was statistically significant 

(P=0.016). However, there was no statistically significant 

difference between the AFC, Day 2 Estradiol, E2 at the 

day of HCG and progesterone level at the day of HCG 

injection between the pregnant and non-pregnant group 

(Table 1).  

In the four groups divided according to the pattern of 

endometrial and sub-endometrial blood flow imaging, 

Group 1, Group 2, Group 3 and Group 4. Total of 57 

patients out of 68 patients had both good endometrial and 

sub-endometrial blood flow and came under Group 1. 

The overall pregnancy rate in this group was 47.3%. 

Similarly, in Group 2 who had minimal endometrial and 

sub-endometrial blood flow the pregnancy rate was 

37.5%. The sample sizes in other 2 groups were very 

small to make any inferences. The overall pregnancy rate 

was 45.6% (n=31) and the ongoing pregnancy rate was 

41.1% (n=28). 
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This study did not find any relationship between 

pregnancy outcomes and the color flow Doppler 

parameters such as average uterine PI, average uterine RI 

and right/left uterine peak systolic velocity (Table 2). 
 

Table 1: Comparison of demographic data and ovarian responses between pregnant and non-pregnant group. 

Variable  
Non-pregnant (n=37) Pregnant (n=31) 

p values 
Mean±SD Mean±SD 

Age 35.14±3.85 34.94±2.93 0.814 

AFC 22.38±12.23 23.9±12.22 0.610 

FSH 7.36±1.95 6.297±1.52 0.016 

Estradiol D2 121.52±41.16 122.03±56.13 0.996 

E2 at the day of HCG 8198.35±3870.83 9498.10±4797.54 0.221 

P4 at the day of HCG 2.74±0.83 2.81±0.93 0.749 

Table 2: Relationship between color Doppler imaging parameters and IVF-ET outcomes. 

Doppler parameters 
Non-pregnant (n=37) Pregnant (n=31) 

p values 
Mean±SD Mean±SD 

Average uterine PI 2.82±0.69 2.55±0.68 0.113 

Average uterine RI 0.86±0.07 0.83±0.60 0.135 

Right uterine PSV 32.28±14.5 30.52±13.03 0.604 

Left uterine PSV 34.75±17.5 35.79±16.32 0.802 

 

DISCUSSION 

Endometrial receptivity is vital for successful 

implantation of an embryo. Different strategies have been 

evaluated to assess the endometrial receptivity including 

histologic dating of an endometrium, endometrial 

cytokines in uterine flushing, microarray technology for 

identification of transcriptomic signature of the window 

of implantation and more commonly a non-invasive 

ultrasound examination of the endometrium.11,12 

Adequate perfusion to the endometrium is essential 

requirement for implantation of the embryo and therefore 

assessment of endometrial blood flow using color 

Doppler ultrasound is believed to be useful in assessing 

endometrial receptivity.13 

GnRH antagonist are used in the IVF-ET cycles to 

prevent premature LH surges, with advantages of shorter 

duration of treatment than agonist cycles, decrease 

requirement of total dose and duration of gonadotropin 

stimulation and lower risk of developing ovarian 

hyperstimulation syndrome. GnRH antagonist has been 

shown to modify extra pituitary receptors including the 

endometrium and has been associated with decrease 

endometrial receptivity. GnRH antagonist down-

regulated cycles have been also reported to have worse 

pregnancy outcomes when compared to GnRH agonist, 

may be due to a substantial down-regulation of LH.14 

However the results of the studies comparing the effects 

of GnRH agonist and antagonist down regulated cycles 

on the outcome of IVF-ET are conflicting. 

The aim of the present study was to evaluate the role of 

the endometrial and sub-endometrial blood flow 

measured by 3D power Doppler ultrasound in the 

prediction of pregnancy during treatment with GnRH 

antagonist down regulated cycle. 

In the present study, we found no association between 

sub-endometrial, endometrial blood flow, uterine artery 

Pulsatility index (PI), Resistance Index (RI), Peak 

Systolic Velocity (PSV) and pregnancy outcome in IVF-

ET cycle and that it could not be used as the only means 

for predicting endometrial receptivity. There was no 

significant difference between PI, RI, and PSV of uterine 

artery between the pregnant and non-pregnant groups. 

This finding is similar to the study done by Wang L et al, 

however the present study included patient receiving only 

antagonist cycle whereas the study done by Wang L et al 

included patients receiving only long agonist protocol.2  

Wang L et al found that patients with detected 

endometrial blood flow had a higher pregnancy and 

implantation rate than those with only sub-endometrial 

blood flow detection or those without detected blood 

flow. In the present study 83.8% of patients had both 

good endometrial and sub-endometrial blood flow and 

came under Group 1.  

The overall pregnancy rate in this group was 47.3%. 

Similarly, in Group 2 who had minimal endometrial and 

sub-endometrial blood flow the pregnancy rate was 

37.5%, these finding shows that the patient with good 

endometrial and sub-endometrial flow have higher 

pregnancy rate than those with minimal flow. In the study 

done by Singh N et al, the blood flow directly correlated 

with the outcome of the IVF cycle and concluded that 

endometrial vascularity has a useful value on the 
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implantation rate in IVF cycles.10 These findings are in 

contrast with that of the present study. 

CONCLUSION 

In conclusion, the present study shows that uterine artery 

PI, RI and PSV has no role in predicting endometrial 

receptivity and thus pregnancy outcome in IVF-ET cycle, 

however those patient with good endometrial and sub-

endometrial flow have higher pregnancy rate than those 

with minimal flow rate even though it did not reach 

statistical significance. However further study with larger 

sample size is needed to make a definitive conclusion. 
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