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Abstract 
Background: This study investigated the effects of serum estradiol (E2) and progesterone levels on 
preovulatory endometrial thickness and echogenicity in controlled ovarian hyperstimulation (COH) 
cycles for in vitro fertilization (IVF). 

Materials and Methods: In this retrospective study, we evaluated the data of 241 in vitro fertilization-
embryo transfer cycles. Cycles were classified into three groups according to endometrial thickness 
measured on the day of human chorionic gonadotropin (hCG) administration as: i. ≤8 mm, ii. 
8-14 mm, and iii. ≥14 mm. Echogenic patterns were described as trilaminar, isoechogenic, and 
hyperechogenic. Serum E2 and progesterone levels were evaluated on the day of hCG administration. 
Data were analyzed using X2 test, Student’s t test and analysis of variance (ANOVA).

Results: Serum E2 levels increased in parallel with endometrial thickness, although differences 
among the three groups were insignificant. There was no correlation between serum progesterone 
levels and endometrial thickness. There was no significant difference in the steroid hormone 
concentrations between the echogenic patterns.

Conclusion: Serum steroid hormone levels on the day of hCG administration do not affect the 
ultrasound appearance of the endometrium in COH cycles.
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Introduction

Endometrial receptivity is one of the most impor-
tant factors in the implantation process. The role of 
an ultrasonographic evaluation of the endometrium 
in predicting the implantation rate has long been 
debated. Although many studies consider a trilami-
nar echogenic pattern and endometrium thickness 
within a definite range as favorable prognostic fac-
tors (1), recent investigations have shown that the 
ultrasonographic appearance of the endometrium 
does not predict pregnancy outcome (2).

Estrogen is essential for implantation because of 
its effects on both endometrial proliferation and 
the augmentation of uterine perfusion. Although its 
concentration has been predicted to be associated 
with endometrial thickness, the results of investi-

gations are conflicting (3, 4). Another controver-
sial issue is the association between steroid hor-
mones and endometrial echogenicity. In natural 
cycles, while a hypoechogenic pattern is observed 
during the proliferative phase, the hyperechogenic 
endometrium is a feature of the secretory phase. 
Investigations have shown a relationship between 
the serum progesterone level and secretory chang-
es in the endometrium in controlled ovarian hy-
perstimulation (COH) cycles (5). However, some 
studies have demonstrated no correlation between 
high progesterone levels and a hyperechogenic en-
dometrial pattern on the day of human chorionic 
gonadotropin (hCG) administration (6).

Thus, we aimed to investigate the effects of se-
rum estradiol (E2) and progesterone levels on pre-
ovulatory endometrial thickness and echogenicity 
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in COH cycles for in vitro fertilization.

Materials and Methods

In this retrospective study approved by the Insti-
tutional Review Board (IRB) of Istanbul Faculty 
of Medicine, we evaluated the data of 241 in vitro 
fertilization-embryo transfer cycles performed at 
the Reproductive Endocrinology Unit of the Istan-
bul Faculty of Medicine between February 2005 
and Febuary 2007. We performed either the long 
gonadotropin-releasing hormone (GnRH) agonist 
or GnRH antagonist protocols for stimulation ac-
cording to the patient’s age, ovarian reserve, and 
previous response to ovarian stimulation, prefer-
ring the antagonist protocol for poor responders. 
We excluded the cycles in which an embryo trans-
fer was not performed or E2 was administered with 
the aim of improving endometrial thickness. Also, 
we included only the first cycle if a patient under-
went two or more cycles during this period. In the 
long agonist protocol, 1 mg of leuprolide acetate 
(Lucrin, Japan) S.C. was started on the 21st day of 
the previous cycle. After the baseline ultrasono-
graphic evaluation of the endometrium and ovaries 
on the third day of the cycle,  either recombinant 
FSH (Gonal-F; follitropin alfa, or Puregon; fol-
litropin beta) or human menopausal gonadotro-
pin (hMG) was started for ovarian stimulation at 
an appropriate dosage, and the dose of the GnRH 
agonist was reduced by half. In the antagonist pro-
tocol, the GnRH antagonist cetrorelix (Cetrotide,  
Germany) at a dose of 0.25 mg/day was started 
when at least one follicle reached 14 mm in diame-
ter and was continued daily until administration of 
the hCG ovulation-trigger dose. A total of 10000 U 
hCG (Profasi or Pregnyl) was administered when 
at least two follicles were 18 mm in diameter. 
Oocyte retrieval was performed approximately 36 
hours after hCG administration by transvaginal ul-
trasound guided follicular aspiration. Grades 1 and 
2 embryos were replaced 3 days after oocyte re-
trieval. Pregnancy was diagnosed by serum β-hCG 
concentrations on the 12th day of embryo transfer.

Endometrial thickness and the echogenic pattern 
were evaluated on the day of hCG administration 
by transvaginal ultrasound, performed by four spe-
cialists. Endometrial thickness was defined as the 
greatest anteroposterior dimension in the sagittal 
plane. The cases were classified in three groups 
according to the measurement of endometrial 

thickness: ≤8 mm, 8-14 mm, and ≥14 mm. Echo-
genic patterns were described as trilaminar (hyp-
oechogenic endometrium with central and outer 
echogenic lines), isoechogenic (same reflectivity 
compared to myometrium), and hyperechogenic 
(increased reflectivity compared to myometrium). 
Serum E2 levels in pg/ml and progesterone levels 
in ng/ml were evaluated on the day of hCG admin-
istration as a routine procedure in our clinic.

Data were analyzed using the χ2 test, Student’s  
t test, and analysis of variance (ANOVA), using 
statistical package for Windows, (version 9.0) 
(SPSS Inc., Chicago, IL). A p value of <0.05 was 
considered significant.

Results

The patient characteristics are summarized in ta-
ble 1. Endometrial thickness was measured as ≤8 
mm (group 1) in 51 cases, 8-14 mm (group 2) in 
182 cases, and ≥14 mm (group 3) in 8 cases (Ta-
ble 2). Serum E2 levels increased in parallel with 
the endometrial thickness, although differences 
among the three groups were insignificant. There 
was no significant difference between the number 
of retrieved oocytes and transferred embryos.

Table 1: Summary of demographic data
241Total number of ART cycles
31.3 ± 5.4Age (years)*
7.3 ± 4.5Duration of infertility (years)*

Diagnosis (%)
45.6Male factors
17Tuboperitoneal factors
5Ovarian factors
2.5Endometriosis
26.1Unexplained
3.7Multiple
1.5 ± 1Number of ART attempts*

* Values are mean ± SD.

The echogenic patterns are compared in table 3. 
Patients were older and the total gonadotropin dose 
was higher in the hyperechogenic group. However, 
we could not find a significant difference among 
the steroid hormone concentrations on the day of 
hCG administration.

Among the 241 COH cycles, 64 cycles resulted in 
pregnancies, with a total pregnancy rate of 26.6%. 
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The serum E2 levels were 3166.89 ± 1713.02 pg/
ml in the conception cycles and 3066.70 ± 1930.27 
pg/ml in the non-conception cycles. Serum proges-
terone levels were 1.48 ± 1.32 ng/ml in the concep-
tion and 1.48 ± 1.39 ng/ml in the non-conception 
cycles. There were no significant differences be-
tween conception and non-conception cycles in the 
means of steroid hormone levels.

Discussion

The endometrium is a highly dynamic tissue 
changing cyclically in response to steroid hor-
mones in order to create a window of receptivity 
for implantation (7). The ultrasound appearance of 
the endometrium reflects these cyclic changes. In 
the postmenstrual period, the endometrium is ob-
served as a thin, regular, echogenic line. As a result 
of the straight, orderly arrangement of glandular el-
ements in the proliferative phase, the endometrium 
is relatively hypoechoic with a central echogenic 
line reflecting the collapsed endometrial lumen. It 
reaches 8–14 mm in the peri-ovulatory phase. In 
the secretory phase, the endometrium achieves its 
maximum thickness and echogenicity because of 
distended, tortuous glands that contain secretions. 
In spontaneous cycles, endometrial appearance is 

correlated with increasing E2 and progesterone 
levels, while the results of studies of COH cycles 
are conflicting. Some of these studies have shown 
that the endometrial thickness is associated with 
serum E2 levels (8, 9), while others have failed to 
find a relationship between them (10, 11). We have 
found that the E2 levels increased in parallel with 
the endometrial thickness, but that the difference 
was not statistically significant. The reason for the 
discrepancy between spontaneous and stimulated 
cycles may be asynchrony in endometrial develop-
ment and oocyte maturation (10). Unlike natural 
cycles, the ovarian steroid response and endome-
trial thickening do not occur in parallel in control-
led hyperstimulation. This is consistent with the 
lack of a correlation found in our study between 
the number of retrieved oocytes and transferred 
embryos, and endometrial thickness.

Because progesterone is the hormone responsible 
for the secretory changes in the endometrium, we 
expected to find higher progesterone levels in the 
hyperechogenic group. Unexpectedly, it was in-
significantly lower for the hyperechogenic pattern 
than the trilaminar or isoechogenic patterns. This 
is consistent with the results of other studies (4, 
12). Although the exact mechanism is unknown, it 

Table 2: Comparisons of variables between the groups according to endometrial thickness
P-valueGroup 3 (n = 8)Group 2 (n = 182)Group 1 (n = 51)Variable
0.9931.50 ± 5.8631.38 ± 5.5531.33 ± 5.09Age (years)*
0.423309.37 ± 2031.313308.58 ± 1329.413025.39 ± 1379.53Total dose of gonadotropin (IU)*
0.983232.33 ± 2617.993090.45 ± 1815.773079.75 ± 2010.33hCG day E2 (pg/mL)*
0.701.06 ± 0.331.52 ± 1.461.40 ± 1.06hCG day progesterone (ng/mL)*
0.7712 ± 8.712.71 ± 7.0313.43 ± 7.81Retrieved oocytes (n)*
0.372.63 ± 0.522.80 ± 0.502.71 ± 0.64Transferred embryos (n)*
0.5912.526.429.4Pregnancy rate (%)

 
 * Values are mean ± SD.

Table 3: Comparisons of variables between the groups according to endometrial echogenicity
P-valueHyperechogenic 

(n = 33)
Isoechogenic
(n = 24)

Trilaminar 
(n = 184)

Variable

0.0133.27 ± 5.5733.04 ± 5.4630.82 ± 5.33Age (years)*
0.043731.06 ± 1549.093467.79 ± 1202.423133.32 ± 1334.31Total dose of gonadotropin (IU)*
0.793190 ± 2552.422835.17 ± 2307.443112.40 ± 1678.30hCG day E2 (pg/mL)*
0.251.12 ± 0.591.81 ± 1.841.50 ± 1.38hCG day progesterone (ng/mL)*
0.019.70 ± 6.7211.79 ± 5.6213.54 ± 7.37Retrieved oocytes (n)*
0.022.55 ± 0.712.83 ± 0.482.81 ± 0.49Transferred embryos (n)*
0.7230.320.826.6Pregnancy rate (%)

 
 * Values are mean ± SD.
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is believed that other hormones, such as androgens 
and exogenous gonadotropins, cause premature 
echogenicity of the endometrium by direct effects 
on the endometrium (4).

In our study, the sonographic appearance of en-
dometrium was evaluated by four specialists using 
the same ultrasound device. Although this is ex-
pected to affect the results, Spandorfer et al. have 
reported that there is excellent correlation between 
intraobserver and interobserver measurement of 
the endometrium (13).

Conclusion 

We showed that steroid levels on the day of hCG 
administration did not affect the ultrasound ap-
pearance of the endometrium. The thickness of the 
endometrium was not related to serum E2 levels. 
Different unknown mechanisms produced hyper-
echogenicity, other than premature exposure to 
progesterone. Further studies should be done to 
explore these mechanisms.
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