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Abstract
Background: In assisted reproductive technology (ART) cycles in addition to embryo quality, the receptivity of the
endometrium plays the main role in clinical outcomes. Endometrial receptivity is necessary to implantation of an
embryo, and ultrasound has been established as an appreciated, simple, and non-invasive technique in the
evaluation of the endometrial preparation before embryo transfer in fresh in vitro fertilization (IVF) cycles. Debate
on the predictive value measuring endometrial thickness before administering human chorionic gonadotropin
(HCG) for ovulation triggering in ART is ongoing. In order to explore the impact of endometrial thickness on
triggering day on ongoing pregnancy rate (OPR) in ART cycles, we retrospectively analyzed data from 1000 patients
undergoing IVF/ICSI cycles.
Results: The data showed pregnancy rate was increased in the endometrial thickness of 8 mm to 11 mm then
decreased, and in endometrial thickness (Ent) > 14 mm, pregnancy rate was zero. There were significant differences
in endometrial thickness and pregnancy outcomes between different age groups. The pregnancy rate was higher
(32%) in 23–30 years old women, and the range of Ent in this group was 6–12 mm. Also, the data showed a
positive correlation between Ent with AMH and estradiol levels and the number of COC and MII oocytes and a
negative correlation between female age with Ent.
Conclusion: The result showed that Ent on hCG administration day is associated with pregnancy outcomes in fresh
IVF/ICSI cycles with different age groups, although some of the clinical parameters may have an effect on Ent. Large
studies are needed to make a definitive conclusion.
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Background
Assisted reproductive technology has been usually used
in infertility treatment over the past three decades. In
addition to embryo quality, the receptivity of the endometrium plays a main role in clinical outcome [1]. Endometrial receptivity is necessary to implantation of an
embryo, and ultrasound has been established as an appreciated, simple, and non-invasive technique in evaluation of endometria preparation before embryo transfer
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in fresh IVF cycles. Several sonographic parameters have
been assessed that include endometrial thickness (Ent),
endometrial pattern (EnP), endometrial volume, and
sub-endometrial blood flow [2]. Trans-vaginal ultrasonography (TVU) is often used to measure Ent on the day
of HCG administration as the best echogenic space between the junction of the endometrium and myometrium in the mid-sagittal plane. It has been widely
suggested that a thin endometrium is related to lower
IVF–ICSI pregnancy rates, but an agreement is still lacking on what the exact definition of thin endometrium
[3]. Debate on the predictive value measuring Ent before
administering HCG for ovulation triggering in assisted
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reproduction techniques is ongoing. Some of the investigators have shown a linear correlation between pregnancy rates and Ent, though others have posited that
pregnancy rates may even deteriorate above a thickness
of 14 mm and then miscarriage rates may increase [4].
In order to explore the impact of endometrial thickness
on triggering day on ongoing pregnancy rate (OPR) in
IVF–ET cycles, we retrospectively analyzed data from
1000 patients with different age groups undergoing IVF/
ICSI cycles.

Methods
The study was a retrospective study and was done by
reviewing the clinical data of fresh IVF/ICSI cycles at the
Yazd Research and Clinical Center for infertility from
May 2016 until May 2018. The study included women
aged 18–45 years without endometriosis. Also, patients
with severe male factor infertility, patients with a known
endometrial polyp or uterine anomaly, oocyte donation
cycles, and preimplantation genetic diagnosis (PGD) cycles were excluded.
Ovarian stimulation

Ovarian stimulation, sperm preparation, IVF embryo
culture, and fresh ET protocols in our center have been
described elsewhere [5, 6]. Briefly, according to the maternal age, cause of infertility, ovarian response, and
coexisting medical conditions, agonist and antagonist
ovarian stimulation protocols were done [6]. Recombinant human chorionic gonadotropin (hCG) (250 mg; Ovidrel, Serono, Geneva) or urinary HCG (10,000 IU,
Pregnyl, Organon, Netherland) was administered to trigger ovulation when two leading follicles reached a mean
diameter of 17 mm. Trans-vaginal ultrasound-guided oocyte retrieval was conducted 36 after hCG administration. Fertilization of the oocytes took place either by IVF
or ICSI, according to the sperm quality. The luteal phase
was supported by vaginal progesterone (Cyclogest, Actavis, UK), 400 mg, and twice a day. One or two embryos
were transferred 2 days later. Fertilization rate was defined as the percentage of fertilized oocytes (2PN) to all
mature oocytes (MII). Chemical pregnancies were confirmed 2 weeks after embryo transfer, by positive serum
βHCG measurement. Clinical pregnancy was defined by
the presence of gestational sac in the uterus, 4 weeks
after embryo transfer. The implantation rate estimated
by the number of gestational sacs that visualized on
TVU divided by the number of embryos transferred [6].
Endometrial assessment

Ent was measured by TVU on the day of triggering. In
the longitudinal plane of the uterus, the maximum distance between the two interfaces of endometrium–
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myometrium junction was defined as the thickness of
endometrium [7].
Statistical analysis

Results are showed as the mean ± standard deviation
(SD) or percentage (%). The means of samples with normal distribution and of sufficient size were compared by
Student’s t test and one-way ANOVA. Differences between abnormal scatterings and the medians were compared by Mann-Whitney U and Kruskal-Wallis test. Chisquare (χ2) test was employed to assess the differences
between categorical variables. A p value < 0.05 was considered significant. Statistical analysis was performed
using the Statistical Package for the Social Sciences 20
(SPSS Inc., Chicago, IL, USA).

Results
One thousand fresh IVF/ICSI cycles were recruited in
this study, among which 277 cycles achieved chemical
pregnancy (27.7%), and from them, 245 cycles achieved
clinical pregnancy (88.4%).
To explore the relationship between endometrial
thickness and chemical and clinical pregnancy rates in
all the 1000 cycles, patients were divided into 9 distinct
groups according to the endometrial thickness on the
day of embryo transfer: ≤ 7 mm, 7–8 mm, 8–9 mm, 9–
10 mm, 10–11 mm, 11–12 mm, 12–13 mm, 13–14 mm,
and ≥ 14 mm. Chemical and clinical pregnancy rates
were calculated for each endometrial thickness interval.
There was a significant correlation between Ent and
pregnancy outcomes (p < 0.0001). Also, the data show
that by increasing the endometrium thickness to 11 mm,
pregnancy increases and then decreases (Table 1, Fig. 1).
There were significant differences in clinical parameters like female age, AMH, estradiol level on the day of
final triggering, and the numbers of retrieved oocytes
Table 1 Comparison of pregnancy outcomes in different
endometrial thickness
Endometrial thickness (mm)

Chemical pregnancy
rate (%)

<7

5 (7.4)

5 (7.4)

7–8

26 (13.2)

24 (12.2)

8–9

86 (29.2)

75 (25.4)

9–10

90 (31.2)

77 (26.6)

10–11

33 (42.9)

29 (37.7)

11–12

14 (25)

11 (19.6)

12–13

3 (33.3)

3 (33.3)

13–14

1 (25)

1 (25)

> 14

0 (0)

0 (0)

p value

< 0.0001*

< 0.0001*

*p value < 0.05 was considered to be significant

Clinical pregnancy
rate (%)
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Fig. 1 The relationship between endometrial thickness and
pregnancy outcomes

and oocyte maturity in pregnant patients compared to
non-pregnant (Table 2).
Also, for determining the effect of female age on the
pregnancy rate and the relationship with endometrial
thickness, we divided patients to 4 different age groups:
18–23, 23–30, 30–38, and > 38. The data showed the
rate of pregnancy was significantly different between different age groups (p = 0.001), and in group 2 were higher
than others. Also, when we compared endometrial thickness between different age groups, we saw that the range
of Ent in group 2 was 6–12 mm that confirms our results in Table 1(Tables 3 and 4).
The data showed a positive correlation between Ent
with AMH and estradiol levels and the number of COC
and MII oocytes. On the other hand, there is a negative
correlation between female age and Ent (Table 5).

Discussion
We had studied fresh IVF/ICSI cycle of 1000 patients
and determined the effect of Ent on the day of final triggering on pregnancy outcome. Our results showed that
there is a significant correlation between endometrial
thickness and pregnancy rate.
While several studies have confirmed the association
of thin endometrium with low clinical pregnancy rate,
the Ent cutoff point for IVF–ET pregnancy outcome has
not been identified. Studies showed that the clinical
pregnancy rate and ongoing pregnancy rate are
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significantly reduced when Ent is less than 7 mm on the
hCG day [7, 8] that was in line with our study. It was reported that spontaneous abortion rate is significantly increased when Ent > 14 mm [9], whereas another study
proposes there is no adverse effect on pregnancy outcome when Ent > 14 mm [7]. In our study, we observed
that pregnancy rate was increased from Ent = 8 mm to
Ent = 11 mm, then decreased, and in Ent > 14 mm, the
pregnancy rate was zero.
In order to get a more accurate relationship between
endometrial thickness and IVF outcome, Bu et al. demonstrated that for the patient undergoing IVF with the
different ovarian response, a thin endometrial thickness
on HCG administration day is associated with lower
pregnancy rate [10]. A thick endometrium is more controversial. Several previous investigators have suggested
that a thick endometrium (> 16, or ≥ 17 mm) is associated with an improved conception rate, whereas others
have reported a detrimental effect of a thick endometrium (> 14 mm) on conception rate [11, 12]. Yuan et al.,
in their study, found a consistently positive correlation
between Ent and conception rate, with patients having
an Ent greater than 15 mm achieving the highest conception rate of 53.3% [3]. It is important to note, however, that a thickened endometrium is associated with a
number of intrauterine pathologies such as polyps or fibroids, both of which have been shown to adversely
affect implantation and reduce pregnancy rates [13].
Therefore, in women with an abnormally thickened
endometrium, it seems prudent to carry out further investigations, such as a hysteroscopy to rule out and treat
any intra-cavity lesions.
Vânia Costa Ribera and coworker in a study evaluated
whether Ent affects the outcome of a fresh embryo transfer, in a retrospective, single-center cohort of 3350 IVF cycles. In the multivariate regression analysis, Ent was nonlinearly associated with live birth, live birth rates being the
lowest with an Ent less than 7.0 mm (21.6%; p < 0.001)
and then between 7.0 and 9.0 mm (30.2%; p = 0.008). An
Ent less than 7.0 mm was also associated with a decrease
in neonatal birth weight z-scores. They concluded that the
use of Ent is a potential prognostic tool for live birth rates
and neonatal birth weight [4].

Table 2 The relationship between clinical parameters and pregnancy outcomes
Variables

Chemical pregnancy

Clinical pregnancy

p value

Female age

31.50 ± 5.8

29.49 ± 5.0

0.001*

AMH

6.03 ± 5.80

6.00 ± 5.70

< 0.0001*

Estradiol

2300 ± 2590

2300 ± 2501

< 0.0001*

The number of COC

11.00 ± 12.00

11.00 ± 12.00

0.001*

The number of MII

9.50 ± 11.00

8.00 ± 11.00

< 0.0001*

The data was nonparametric and presented with median ± interquartile range
*p value < 0.05 was considered to be significant
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Table 3 The rate of pregnancy between different age groups
Variables

Group 1, N = 99

Group 2, N = 444

Group 3, N = 362

Group 4, N = 95

p value

Chemical pregnancy (%)

30 (30.3)

144 (32.5)

94 (26)

9 (9.5)

0.001*

Clinical pregnancy (%)

27 (28.2)

134 (30.1)

76 (21.5)

8 (8.5)

0.001*

Group1: 18–23 years old; group 2: 23–30 years old; group 3: 30–38 years old; and group 4: > 38 years old. The data were presented with percent
*p value < 0.05 was considered to be significant

Mohammady and coworker in their study evaluated
the effect of combined endometrial thickness and pattern on the success of intracytoplasmic sperm injection
(ICSI) cycles and concluded endometrial thickness of
10–12.9 mm with trilaminar pattern is associated with
higher CPR with ICSI cycles [14].
Julian et al. in their study evaluated the effect of endometrial pattern at triggering day on implantation [15].
The endometrial pattern (Enp) was recorded as being in
one of the following three categories, as described by
Grunfeld et al. [16]: (1) late proliferative (hyperechoic
endometrium constituting < 50% of the Ent, with a
hyperechoic basalis and hypoechoic functional), (2) early
secretory (hyperechoic basalis and functional extending
to > 50% of the Ent, but not covering the entire endometrial cavity), and (3) mid-late secretory (homogeneous
hyperechoic functionalize extending from the basalis to
the lumen). Within the study population, Ent was not
significantly associated with clinical outcomes of euploid
ETs. A type 3 Enp at trigger day suggests a prematurely
closed window of implantation [15].
Zhao and coworker showed a significant difference in
endometrial thickness on the day of HCG administration
and the change in endometrial thickness from the third
day of gonadotropin stimulation to the day of HCG administration between pregnant women and nonpregnant women. This finding indicates that adequate
endometrial development is favorable for improved
pregnancy rate. They propose that the endometrium of
non-pregnant women may be associated with pathological abnormalities, such as squamous cell metaplasia
or lacking a normal proliferative response to the rising
estradiol level. In a binary logistic regression model, the

endometrial thickness on day 3 of gonadotropin stimulation, endometrial thickness on the day of HCG administration, and the change in endometrial thickness from
the third day of gonadotropin stimulation to the day of
HCG administration were independent predictive factors
for pregnancy [1] Although many studies have evaluated
the relationship between endometrial thickness and IVF
outcome, the results are still controversial. Some authors
reported no relationship between endometrial thickness
and pregnancy rate in patients undergoing IVF [17, 18].
Because of patient basic parameters, such as the number of oocytes retrieved, quality and the number of embryos transferred were not fine assessed in most studies,
and the results from them were questionable. In our
study, we showed that there is a significant difference
between clinical parameters like AMH, estradiol level on
the day of final triggering, and the numbers of retrieved
oocytes and mature oocytes in the pregnant and nonpregnant patients. Also, there was a positive correlation
between Ent with these clinical parameters. Ent is a crucial factor for pregnancy, but there is a possibility that
these parameters may be more important than Ent and
may have an effect on it. In fact, ovarian reserve and internal estradiol production cause endometrial growth.
AMH is considered a sign of the ovarian reserve; for instance, it is generally expressed by those follicles that are
newly progressive from the primordial follicle pool.
Hence, serum AMH levels are demonstrative of the
number and feature of the ovarian follicular pool [19].
Also, AMH is related to the number of mature oocytes
and fertilization rates. On the other hand, there was a
negative correlation between Ent and female age. We
found that female age is an important factor in fertility,

Table 4 Comparison of endometrial thickness between different age groups of pregnant patients
Variables

Group 1

Group 2

Group 3

Group 4

p value

Endometrial thickness (mm)

9.21 ± 1.17, 9 (6–14)

9.19 ± 1.31, 9 (6–12)

8.86 ± 1.38, 9 (5–15)

8.44 ± 1.93, 8 (5.5–15)

< 0.0001a,f
0.999b
0.148c
0.001d,e
0.041g

Group1: 18–23 years old; group 2: 23–30 years old; group 3: 30–38 years old; and group 4: > 38 years old. The data were presented with mean ± SD,
median (min–max)
a
The difference between groups
b
The difference between groups 1 and 2
c
The difference between groups 1 and 3
d
The difference between groups 1 and 4
e
The difference between groups 2 and 3
f
The difference between groups 2 and 4
g
The difference between groups 3 and 4
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Table 5 Correlation of endometrial thickness with different clinical parameters
Variables

Female age

AMH

Estradiol

COC

MII

Endometrial thickness

r = − 0.194, p < 0.0001

r = 0.168, p < 0.0001

r = 0.231, p < 0.0001

r = 0.238, p < 0.0001

r = 0.239, p < 0.0001

Correlation was significant at 0.01 levels

and its increase, although negligibly, leads to a reduction
in the clinical pregnancy rate. Keane et al. in line with
our study showed that both AFC and AMH are strongly
dependent on patient age and can estimate IVF outcomes, including pregnancy and live birth rates [20].
Reichman and colleagues showed that AMH is a properly strong metric for the prediction of ART cancelation
and how many oocytes may be retrieved after stimulation, but conversely, they showed it was a moderately
poor test for the prediction of pregnancy after any given
treatment cycle. Patients with extremely low levels of
AMH still can achieve reasonable treatment outcomes
and should not be precluded from attempting IVF solely
on the basis of an AMH value [21]. Studies showed that
an increasing number of total oocytes, zygotes, and the
quality of embryos are associated with live birth following donor oocyte IVF cycles [10, 22]. Barton et al. found
that age and E2 on the day of hCG administration were
predictive of mature oocytes and embryos retrieved, but
FSH was not [23].

Conclusion
Our study demonstrated that Ent in hCG administration
day correlated with pregnancy outcomes in fresh IVF/
ICSI cycles. The highest pregnancy rate was accompanied by 8–11 mm endometrial thicknesses and decreased
to zero when Ent was > 14 mm. Also, there was a positive correlation between Ent and clinical parameters and
can affect pregnancy outcomes. On the other hand, we
found the female age had a negative correlation with Ent
and pregnancy outcomes.
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