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Background: There is no consensus regarding optimal endometrial thickness 
and duration of estrogen supplementation in embryo transfer cycles, at 
present. Aims: To observe the effect of endometrial thickness and/or duration 
of estrogen supplementation on in  vitro fertilization  (IVF)/intracytoplasmic 
sperm injection  (ICSI) outcomes in fresh ovum/embryo donation cycles. 
Settings and Design: This was a retrospective observational study. The study was 
conducted from January 2015 to November 2017. Subjects and Methods: Nine 
hundred and fifty seven fresh blastocyst transfer cycles in the recipients of oocyte/
embryo donation regardless of reproductive history and diagnosis conducted at 
Nova IVF Fertility, Ahmedabad, Gujarat, India. Of these, 315 women had single 
embryo transfer  (SET), while 642 had double embryo transfer  (DET). Only fresh 
blastocysts derived from oocytes of young donors  (≤30  years) and transferred in 
a uniform hormone replacement therapy  (HRT) cycle were included. The effect 
of endometrial thickness and duration of estrogen on live birth rate  (LBR) and 
other IVF/ICSI outcomes were analyzed. Statistical Analysis: Univariate logistic 
regression. Results: A significant improvement in LBR was noted in the recipients 
with each millimeter increase in endometrial thickness starting from 6 mm after 
transfer of either single (odds ratio [OR] = 1.3, P = 0.003) or double (OR = 1.14, 
P  =  0.0218) blastocysts. Lower LBR was observed in recipients having SET 
and who received estrogen supplementation of  <10  days  (OR  =  0.72; P  =  0.02). 
Implantation rate and clinical pregnancy rate also improved significantly with 
endometrial thickness, but there was no change in clinical abortion rate and 
ectopic pregnancy rate. Conclusions: After minimizing the possible oocyte factor 
by including only donor oocytes and that of COH using a uniform HRT protocol, 
LBR improved with each millimeter increase in endometrial thickness starting 
from 6 mm. Shorter duration of estrogen supplementation  (<10 days) reduced the 
chances of live birth in recipients after transfer of a single blastocyst.

Keywords: Duration of estrogen, endometrial thickness, hormone replacement 
therapy, in vitro fertilization/intracytoplasmic sperm injection cycles, live birth 
rate, pregnancy rate
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Introduction

In the past 40  years of evolution in in  vitro 
fertilization  (IVF), implantation rate  (IR) has 

increased from  <5% to more than 50% per embryo 
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transfer.[1] However, embryo implantation still remains 
a major rate‑limiting step in the success of assisted 
reproductive technology  (ART). It is well known 
that successful implantation is not guaranteed even 
after transferring a good quality euploid blastocyst in 
a well‑prepared endometrial cavity. Various factors 
that influence implantation are the quality of the 
embryo, endometrial development, and its receptivity. 
Endometrial thickness, pattern, and blood flow 
have all been evaluated as noninvasive markers of 
endometrial receptivity and their effect on implantation 
and pregnancy in IVF.[2] Measurement of endometrial 
thickness is a simple, noninvasive, and reproducible 
method of assessing endometrial development and may 
act as an indicator for endometrial receptivity.[3]

Several studies have shown a significant correlation 
between pregnancy rate and endometrial thickness,[3,4] while 
few studies have failed to demonstrate any correlation.[5,6] 
Thus, there is still no consensus on the correlation between 
endometrial thickness and IVF outcome. Among the 
studies in which the correlation was found, there was no 
standard cutoff for thin endometrium, above which the IVF 
success rates increase. Recently, the systematic review and 
meta‑analysis investigated both, the independent predictive 
capacity and the prognostic value of endometrial thickness 
on pregnancy outcomes after IVF. This study reported that 
the probability of clinical pregnancy for an endometrial 
thickness  ≤7 mm was significantly lower compared 
with endometrial thickness  >7 mm  (23.3% vs. 48.1%) 
with an odds ratio  (OR) 0.42  (95% confidence interval 
0.27–0.67);[4] whereas couples in other studies reported a 
significant increase in pregnancy outcomes at endometrial 
thickness of ≥10 mm.[7,8]

Most of the studies examining the association 
between endometrial thickness and clinical outcome 
were conducted in fresh IVF/intracytoplasmic sperm 
injection  (ICSI) cycles using self‑oocytes. This may not 
be the ideal model to study the correlation of endometrial 
thickness and embryo implantation as there are adverse 
effects of controlled ovarian hyperstimulation  (COH) 
on endometrium due to supraphysiological levels of 
estrogen.[9,10] Thus, in order to understand the association 
between endometrial thickness on IVF outcome, a better 
model is to have women, whose endometrium is prepared 
using standard hormone replacement therapy  (HRT) 
protocol. Yet, another variability in the published studies 
is the possible impact of aneuploidy of oocytes, where 
women with higher age contribute to lower IR due to 
aueuploidy. Including only oocyte from young donors 
minimizes the chance of embryo aneuploidy.[11]

During endometrial preparation in donor oocyte 
recipient cycles, it is a common practical need to 

prolong the duration of estrogen treatment while waiting 
for the donor egg retrieval or to achieve an adequate 
endometrial thickness before starting progesterone. With 
the available evidences, there is no consensus drawn on 
serum estradiol levels or the ideal duration of estrogen 
treatment on endometrial thickness, its receptivity, and 
IVF outcomes.[12,13]

Hence, in our study, we aimed to find the association 
between endometrial thickness and the duration of 
estrogen supplementation on IVF/ICSI outcomes in fresh 
ovum/embryo donation cycles, where the endometrium 
was prepared by uniform HRT to minimize the influence 
of COH. In addition, by including only oocyte/embryo 
donation cycles from young donors (≤30 years), we have 
also tried to minimize the influence of oocyte factor on 
implantation.

Subjects and Methods

Study design
We conducted a retrospective observational study 
including 957 transfer cycles performed in the recipients 
of donor oocyte/embryo using a uniform HRT protocol 
at Nova IVF Fertility, Ahmedabad, Gujarat, India. from 
January 2015 to November 2017. All fresh blastocyst 
transfer cycles performed in recipients of donor oocytes or 
embryos during the above study period were included in 
this study, regardless of reproductive history and diagnosis. 
A power estimation was not done.

Study methods
All cases with embryos derived from self‑oocytes and 
frozen thawed embryo transfer cycles in the recipients 
were excluded from this study. All the cases where day 
3  (cleavage stage) embryos were transferred and where 
endometrium was prepared by any protocol other than 
HRT were excluded.

Hormone replacement therapy protocol used for 
endometrial preparation
A baseline transvaginal sonography (TVS) was performed 
on the 2nd day of menstruation. All patients received oral 
estradiol valerate tablet (Progynova, Bayar Zydus Pharma) 
2 mg starting at a daily dose of 4 mg (in two divided doses) 
for 4  days and then increased to 8 mg  (in two divided 
doses). After 6–9  days of therapy, endometrial thickness 
was measured by TVS in the midsagittal plane near 
uterine fundus. The largest thickness from one interface 
of the endometrial–myometrial junction to the other 
was measured in millimeter  (mm). In case of thin 
endometrium  (<6 mm), the duration of treatment was 
extended after increasing estradiol valerate to 12 mg. 
When endometrial thickness was  ≥7 mm in general or 
remained  ≥6 mm even with prolonged estrogen therapy, 
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but with a triple line pattern, progesterone administration 
was initiated along with the same dose of estradiol 
valerate from the day of donor’s ovum pick up  (OPU). 
Serum progesterone levels were checked on the day 
of donor OPU. HRT cycles with serum progesterone 
levels  >0.5 ng/ml were cancelled, and all embryos were 
cryopreserved. Progesterone was given in the form of 
micronized progesterone  (Miprogen, Bharat Serums And 
Vaccines Ltd) 800 mg/day, vaginally in two divided doses 
with oral dydrogesterone  (Duphaston, Abbott Pharma) 
20 mg/day, orally in two divided doses. Duration of 
estrogen supplementation was counted in days from 
the day of estradiol valerate initiation to progesterone 
supplementation initiation. Duration of estrogen 
supplementation varied from 6 to 23  days depending on 
both the availability of the oocyte donor and thickness of 
endometrium.

Fertilization was performed by ICSI. Quality assessment 
of embryos was performed daily. Blastocysts were 
graded using ASEBIR method as A, B, C, or D.[14] One 
or two blastocyst(s) were transferred into the endometrial 
cavity after 5 days of progesterone initiation. In majority 
of the recipients, Grade A or B blastocyst(s) were 
transferred both in single embryo transfer  (SET) and 
double embryo transfer  (DET) groups. Estradiol valerate 
and progesterone support were continued till serum 
beta human chorionic gonadotropin  (β‑hCG) test for 
pregnancy confirmation after 14  days of transfer. Serum 
β‑hCG value of  >10 IU/L was considered as positive 
pregnancy. TVS was performed 1  week later to confirm 
the number and location of the gestational sac  (G‑sac) 
and another 2 weeks later to confirm fetal cardiac activity. 
Pregnancies with positive β‑hCG but absent G‑sac on 
TVS were considered as biochemical pregnancies. Luteal 
support was continued up to 12 weeks of pregnancy.

The main outcome of this study was live birth 
rate  (LBR). Secondary outcomes were pregnancy 
rate  (PR), IR, clinical pregnancy rate  (CPR), clinical 
abortion rate  (CAR), and ectopic pregnancy rate  (EPR). 
The comparative analysis of outcomes with each 
millimeter of endometrial thickness starting from 6 mm 
to more than 14 mm  (range: 6 mm to 18 mm) was 
calculated. All the IVF outcomes were also analyzed 
based on days of estrogen supplementation starting 
with  <8  days till more than 14  days  (range: 6  days to 
23 days). Based on the observation of these analysis, we 
performed subgroup analysis to compare all outcomes 
between the patient group who received estrogen 
supplementation <10 days with ≥10 days.

PR was calculated by dividing total number of 
positive pregnancies by total number of ET. 
Clinical abortion was defined as clinical intrauterine 

pregnancy loss before 22  weeks of gestation. IR, 
clinical pregnancy, ectopic pregnancy, and live birth 
were all defined as per ICMART, WHO glossary.[15] 
Each pregnant patient was referred to take standard 
obstetric care under an obstetrician of their choice 
from the beginning or after 12  weeks of gestation as 
we do not provide obstetric care. Follow‑up of all the 
pregnant patients were taken from their respective 
obstetrician within 1 month of abortion, ectopic 
pregnancy, or delivery.

Statistical analysis
Univariate logistic regression analysis was used to 
evaluate the association of various IVF outcomes 
with endometrial thickness and duration of estrogen 
supplementation in all the cycles. Average of all the 
quantitative variables  (e.g., female age, body mass 
index, endometrial thickness, duration of estrogen, 
and number of embryos transferred) were reported as 
mean  ±  standard deviation. P  < 0.05 was considered to 
be statistically significant. The data were analyzed using 
R 3.5.0 software, Brisbane, Australia.

Ethical approval
Written consent of all the study subjects were taken. 
This study was approved by the ethical committee of 
CIMS Hospital, Ahmedabad, Gujarat, India.

Results

A total of 957 fresh blastocyst transfers from donor 
oocytes or embryos performed using HRT during our 
study period were included in this analysis. Out of these, 
315 were SET, while 642 were DET. In our study,  (1) 
smaller sample size and (2) higher abortion rates in SET 
group as compared to DET group might be responsible 
for lower pregnancy outcomes/LBR in SET group. 
Baseline characteristics and IVF outcomes in general are 
shown in Supplementary Table 1.

We analysed the effect of increase in each millimeter in 
endometrial thickness on IVF‑ICSI outcomes in these 
recipients. A  significant improvement in LBR was 
noted in the recipients with each millimeter increase in 
endometrial thickness starting from 6 mm after transfer 
of either single  (odds ratio  [OR] = 1.3, P  =  0.003*) or 
double  (OR  =  1.14, P  =  0.028) blastocysts. IR and CPR 
also improved significantly with endometrial thickness, but 
there was no change in CAR and EPR [Tables 1 and 2].

We also analysed the effect of increase in the duration 
of estrogen supplementation for endometrial preparation 
by each day on IVF‑ICSI outcomes in these recipients, 
but we were unable to find any significant difference 
in PR, IR, CPR, LBR, CAR, and EPR with increase in 
the duration of estrogen supplementation. One recipient 
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with missing estrogen initiation date was excluded from 
this analysis [Tables 3 and 4].

However, we observed a significant decrease in 
LBR in fresh recipient cycles when single blastocyst 

Table 1: In vitro fertilization outcomes according to endometrial thickness in fresh recipients (single embryo transfer)
Endometrial 
thickness (mm)

Embryo transfer 
cycles (n)

Total embryos 
transferred

PR, n (%) IR, n (%) CPR, n (%) BPR, n (%) LBR, n (%)

6-7 5 5 3 (60.0) 2 (40.0) 2 (40.0) 1 (20.0) 1 (20.0)
7-8 37 37 19 (51.3) 17 (45.9) 17 (45.9) 2 (5.4) 9 (24.3)
8-9 83 83 47 (56.6) 36 (43.4) 36 (43.4) 11 (13.2) 22 (26.5)
9-10 82 82 46 (56.1) 39 (47.6) 39 (47.6) 7 (8.5) 24 (29.3)
10-11 62 62 42 (67.7) 37 (59.7) 37 (59.7) 5 (8.1) 23 (37.1)
11-12 26 26 17 (65.4) 17 (65.4) 17 (65.4) 0 10 (38.5)
12-13 11 11 8 (72.7) 8 (72.7) 8 (72.7) 0 7 (63.6)
13-14 9 9 6 (66.7) 6 (66.7) 6 (66.7) 0 5 (55.6)
>14 ‑ ‑ ‑ ‑ ‑
Endometrial thickness (mm) CAR, n (%) ER, n (%) Average 

age (years)
Average 

DOE (days)
BMI (kg/m2)

6-7 1 (50.0) 0 43.4±7.1 10.8±1.3 27.9±6.2
7-8 8 (47.1) 0 40.6±5.1 10.8±2.8 27.7±5.8
8-9 11 (30.3) 1 (2.8) 39.9±5.6 10.0±2.1 26.9±5.4
9-10 13 (33.3) 0 40.9±5.2 1.0±2.0 27.0±3.9
10-11 10 (27.0) 1 (2.7) 39.7±5.7 10.2±1.8 27.6±4.4
11-12 5 (29.4) 0 39.6±4.0 11.1±2.5 27.7±4.7
12-13 1 (12.5) 0 40.6±5.8 11.5±2.2 26.2±6.2
13-14 1 (16.7) 0 40.3±5.9 12.0±1.5 25.7±2.2
>14 ‑ ‑ ‑ ‑ ‑
PR: OR=1.2, P=0.04*, IR: OR=1.3, P=0.003*, CPR: OR=1.3, P=0.003*, BPR: OR=0.73, P=0.068, LBR: OR=1.3, P=0.003*; CAR: OR=0.98, 
P=0.825, ER: OR=0.95, P=0.92. OR=Odds ratio, PR=Pregnancy rate, IR=Implantation rate, CPR=Clinical pregnancy rate, BPR=Biochemical 
pregnancy rate, LBR=Live birth rate, BMI=Body mass index, CAR=Clinical abortion rate, ER=Ectopic pregnancy rate, DOE=Duration of 
estrogen

Table 2: In vitro fertilization outcomes according to endometrial thickness in fresh recipients (double embryo transfer)
Endometrial 
thickness (mm)

Embryo transfer 
cycles (n)

Total embryos 
transferred

PR, n (%) IR, n (%) CPR, n (%) BPR, n (%) LBR, n (%)

6-7 11 22 5 (45.5) 4 (18.2) 4 (36.4) 1 (9.1) 1 (9.1)
7-8 66 132 41 (62.1) 32 (24.2) 32 (48.5) 9 (13.6) 23 (34.8)
8-9 192 384 133 (69.3) 121 (31.5) 121 (63.0) 12 (6.2) 82 (42.7)
9-10 177 354 140 (79.1) 128 (36.1) 128 (72.3) 12 (6.8) 100 (56.5)
10-11 101 202 70 (69.3) 62 (30.7) 62 (61.4) 8 (7.9) 45 (44.6)
11-12 61 122 50 (82.0) 45 (36.9) 45 (73.8) 5 (8.2) 36 (59.0)
12-13 18 36 15 (83.3) 14 (38.9) 14 (77.8) 1 (5.6) 10 (55.6)
13-14 15 30 10 (66.7) 10 (33.3) 10 (66.7) 0 7 (46.7)
>14 1 2 0 0 0 0 0
Endometrial 
thickness (mm)

CAR, n (%) ER, n (%) Average 
age (years)

Average DOE (days) BMI (kg/m2)

6-7 2 (50.0) 0 34.8±4.7 11.9±3.8 25.0±4.6
7-8 8 (25.0) 2 (6.2) 35.6±4.1 11±3.1 27.4±6.0
8-9 25 (20.7) 4 (3.3) 35.5±4.7 10.1±2.3 27.0±5.3
9-10 19 (14.8) 2 (1.6) 35.1±4.5 10.4±2.2 27.2±4.9
10-11 8 (12.9) 0 (0.0) 35.8±4.5 10.8±2.3 26.9±5.4
11-12 5 (11.1) 2 (4.4) 35.7±5.3 10.9±2.5 27.2±5.4
12-13 3 (21.4) 0 35.1±4.4 10.9±2.1 29.8±5.3
13-14 2 (20.0) 0 32.4±4.7 11.2±2.1 23.7±3.7
>14 0 0 31.0±0 9±0 21.5±0.0
PR: OR=1.1, P=0.108, IR: OR=1.14, P=0.028*, CPR: OR=1.14, P=0.028*, BPR: OR=0.87, P=0.212, LBR: OR=1.14, P=0.0218*, CAR: 
OR=0.91, P=0.316, ER: OR=0.81, P=0.404. OR=Odds ratio, PR=Pregnancy rate, IR=Implantation rate, CPR=Clinical pregnancy rate, 
BPR=Biochemical pregnancy rate, LBR=Live birth rate, BMI=Body mass index, CAR=Clinical abortion rate, ER=Ectopic pregnancy rate, 
DOE=Duration of estrogen
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Table 3: In vitro fertilization outcomes according to the duration of estrogen supplementation in fresh 
recipients (single embryo transfer)

DOE (days) Embryo transfer 
cycles (n)

Total embryos 
transferred

PR, n (%) IR, n (%) CPR, n (%) BPR, n (%) LBR, n (%)

<8 13 13 7 (53.8) 4 (30.8) 4 (30.8) 3 (23.1) 3 (23.1)
8 53 53 30 (56.6) 24 (45.3) 24 (45.3) 6 (11.3) 14 (26.4)
9 61 61 39 (63.9) 30 (49.2) 30 (49.2) 9 (14.8) 15 (24.6)
10 60 60 34 (56.7) 32 (53.3) 32 (53.3) 2 (3.3) 20 (33.3)
11 45 45 27 (60.0) 25 (55.6) 25 (55.6) 2 (4.4) 18 (40.0)
12 31 31 15 (48.4) 15 (48.4) 15 (48.4) 0 (0.0) 12 (38.7)
13 19 19 13 (68.4) 12 (63.2) 12 (63.2) 1 (5.3) 5 (26.3)
14 24 24 19 (79.2) 16 (66.7) 16 (66.7) 3 (12.5) 12 (50.0)
>14 9 9 4 (44.4) 4 (44.4) 4 (44.4) 0 2 (22.2)
DOE (days) CAR, n (%) ER, n (%) Average 

age (years)
Average endometrial 

thickness (mm)
BMI (kg/m2)

<8 1 (25.0) 0 36.9±6.3 9.4±0.8 27.3±3.5
8 8 (33.3) 0 40.0±4.8 9.2±1.1 27.4±5.0
9 12 (40.0) 1 (3.3) 40.7±6.1 9.1±1.1 27.3±4.8
10 10 (31.2) 1 (3.1) 40.7±4.9 9.3±1.4 26.6±4.6
11 5 (20.0) 0 40.0±4.5 9.4±1.4 26.5±5.1
12 3 (20.0) 0 38.9±5.4 9.6±1.8 26.3±5.1
13 7 (58.3) 0 41.9±5.6 9.7±1.6 29.0±3.7
14 4 (25.0) 0 41.9±4.9 9.8±1.8 27.3±4.6
>14 0 0 38.7±7.1 9.2±1.5 30.4±4.9
PR: OR=1.01, P=0.737, IR: OR=1.2, P=0.129, CPR: OR=1.2, P=0.129, BPR: OR=0.78, P=0.0304*, LBR: OR=1.1, P=0.112, 
CAR: OR=1.0, P=0.973, ER: OR=0.80, P=0.579. PR=Pregnancy rate, IR=Implantation rate, CPR=Clinical pregnancy rate, 
BPR=Biochemical pregnancy rate, LBR=Live birth rate, BMI=Body mass index, CAR=Clinical abortion rate, ER=Ectopic pregnancy rate, 
DOE=Duration of estrogen, OR=Odds ratio

Table 4: In vitro fertilization outcomes according to the duration of estrogen supplementation in fresh 
recipients (double embryo transfer)

DOE (days) Embryo transfer 
cycles (n)

Total embryos 
transferred

PR, n (%) IR, n (%) CPR, n (%) BPR, n (%) LBR, n (%)

<8 35 70 23 (65.7) 21 (30.0) 21 (60.0) 2 (5.7) 16 (45.7)
8 100 200 66 (66.0) 62 (31.0) 62 (62.0) 4 (4.0) 40 (40.0)
9 106 212 76 (71.7) 70 (33.0) 70 (66.0) 6 (5.7) 50 (47.2)
10 129 258 91 (70.5) 78 (30.2) 78 (60.5) 13 (10.1) 54 (41.9)
11 95 190 73 (76.8) 66 (34.7) 66 (69.5) 7 (7.4) 47 (49.5)
12 54 108 42 (77.8) 37 (34.2) 37 (68.5) 5 (9.3) 32 (59.6)
13 48 96 37 (77.1) 32 (33.3) 32 (66.6) 5 (10.4) 28 (58.3)
14 27 54 20 (74.1) 19 (35.2) 19 (70.4) 1 (3.7) 15 (55.5)
>14 47 94 35 (74.5) 30 (31.9) 30 (63.8) 5 (10.6) 21 (44.7)
DOE (days) CAR, n (%) ER, n (%) Average 

age (years)
Average endometrial 

thickness (mm)
BMI (kg/m2)

<8 3 (14.3) 2 (9.5) 34.7±4.4 9.0±1.3 25.6±5.6
8 14 (22.6) 1 (1.6) 35.5±4.5 9.0±1.2 26.7±4.0
9 15 (21.4) 0 (0.0) 35.5±4.5 9.3±1.5 27.8±5.9
10 14 (17.9) 3 (3.8) 35.3±4.5 9.5±1.5 27.0±5.6
11 11 (16.7) 2 (3.0) 35.2±4.9 9.4±1.4 26.6±4.5
12 4 (10.8) 2 (5.4) 35.0±5.2 9.2±1.3 28.9±7.2
13 3 (9.4) 0 35.6±4.3 9.5±1.5 27.2±4.9
14 3 (15.8) 0 34.7±4.7 9.6±1.7 25.9±4.6
>14 5 (16.7) 0 36.3±4.7 9.1±1.5 26.8±4.9
PR: OR=1.2, P=0.13, IR: OR=1.02, P=0.441, CPR: OR=1.02, P=0.441, BPR: OR=1.1, P=0.237, LBR: OR=1.04, P=0.167, CAR: 
OR=0.96, P=0.405, ER: OR=0.84, P=0.285. PR=Pregnancy rate, IR=Implantation rate, CPR=Clinical pregnancy rate, BPR=Biochemical 
pregnancy rate, LBR=Live birth rate, BMI=Body mass index, CAR=Clinical abortion rate, ER=Ectopic pregnancy rate, DOE=Duration of 
estrogen, OR=Odds ratio
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transfers were done with  <10  days of estrogen 
priming compared with those who received  ≥10  days 
(LBR: 25.2% vs. 36.7%; OR = 0.58, P = 0.03). Which 
signifies that ≥10 days of  estrogen priming is helpful 
in achieving significant higher LBR in recipients. An 
increasing trend in LBR was also observed in recipients 
having DET but was not statistically significant  (LBR: 
44% vs. 49.2%; OR  =  1.19, P  =  0.47)  [Supplementary 
Table 2].

Discussion

Most published data till date on the endometrial thickness 
and IVF outcomes have included both fresh and frozen 
ET using different protocols with self‑oocytes.[3,4] Even 
in few studies with donor oocytes, both fresh and 
frozen cycles have been included. The protocol for 
endometrial preparation was not standardized, number 
of embryos transferred either not specified or not 
analyzed separately, and days of estrogen exposure for 
endometrial preparation not included.[16,17]

When self‑oocytes from patients of all age groups are 
included to study the effect of endometrial thickness 
on IVF outcomes, it is difficult to analyze the effect of 
endometrial thickness on IVF outcomes independent 
of oocyte and embryo quality. In many previous 
publications even after logistic regression analysis, 
maternal age is found to be an independent negative 
factor in predicting IVF success rate. This trend is in line 
with expected physiological reproductive potential where 
follicular response/maturation to controlled ovarian 
stimulation can be predicted as a function of age.[18] 
Even in the meta‑analysis on endometrial thickness and 
IVF outcomes by Kasius et al.,[4] they found female age 
and number of oocytes were the two main confounding 
factors in predicting IVF success rate. The effect of 
female age on oocyte/embryo quality and thus on IVF 
outcomes is also well known. Mahajan and Sharma[19] 
suggested that oocyte donation cycles are ideal to 
measure the independent effect of endometrial thickness 
as a parameter of endometrial receptivity as the use of 
the oocyte donation model reduces confounding factors 
related to oocyte age, embryo aneuploidy, and embryo 
quality. In our study, only donors of  ≤30  years were 
included to minimize the embryo aneuploidy rates.[11]

Besides the effect of maternal age, the effect of COH 
on endometrium is also a confounding factor in fresh 
IVF cycles. In the stimulated IVF cycle, endometrium 
is exposed to supraphysiological levels of estrogen 
secreted from the multifollicular development. In 1995, 
Simón et  al.[9] first demonstrated a detrimental effect on 
uterine receptivity of high serum estradiol concentrations 
particularly in high and normal responder patients. 

Horcajadas et  al.[10] have proven a large degree of gene 
expression disturbance in the endometrium with COH 
and suggested the need to optimize COH protocols. 
Recently, Sakiner et  al.[20] have proven that COH may 
have negative effects on many functions such as uterine 
growth, receptivity, and altered expressions of the 
markers. They have recognized that the expression of a 
majority of endometrial receptivity‑related proteins is 
decreased, which is thought to have an adverse effect on 
LBRs and infertility treatment. Thus, it is important to 
study the effect of endometrial thickness as a marker of 
receptivity in an unstimulated natural cycle or where the 
endometrium is prepared by a standardized HRT protocol.

To avoid both the above mentioned biases in our study, 
we have attempted to find the effect of endometrial 
thickness and duration of estrogen supplementation 
on IVF outcomes in the fresh recipient cycles where 
endometrium was prepared by one standard HRT and 
blastocysts were prepared from oocytes young donors 
below 30  years. IVF outcomes are also separately 
analyzed after SET and DET.

Role of endometrial thickness is controversial in 
predicting IVF outcomes in the recipients. Some studies 
support,[16,21] while the others do not[22,23] support its 
predictive value in recipients. In our study, we found a 
significant improvement in the overall IVF outcomes, 
particularly in LBR with increase of each millimeter in 
endometrial thickness starting from 6 mm. Live birth is 
reported even with the endometrial thickness of 4 mm,[24] 
indirectly suggesting that the endometrial receptivity 
may not be associated only with the thickness. Each 
study included in the meta‑analysis used different 
cutoff for thin endometrium failed to find an ideal 
endometrial thickness.[4] Therefore, the data of our study 
and of another author[17] explain the impact of each 
millimeter increase in endometrial thickness on IVF 
outcomes which helps in counseling the patients on their 
probability of success with their IVF treatment, thus 
paving way for personalized infertility management.

The correlation between EPR and CAR with endometrial 
thickness is also controversial. Few studies showed 
decreased EPR and CAR with increase in endometrial 
thickness,[25,26] while other showed no difference.[27] There 
is controversy for EPR between the fresh and frozen 
embryo transfer. Few studies suggest that fresh embryo 
transfer is associated with higher ectopic pregnancies 
than frozen transfer,[28,29] while others showed no 
difference.[30,31] However, all these evidences are from 
IVF treatments using self‑oocytes. In our study, we have 
found no association between endometrial thickness and 
EPR or CAR in fresh recipients. Similar findings in 
recipient cycles were observed by Barker et al.[22]
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Endometrial preparation in ART is easily achieved 
through the administration of exogenous estrogen in HRT 
protocol, with the best reproductive outcomes obtained 
within a range of 11–40 days of estrogen administration. 
Estrogen supplementation has to be of adequate duration 
as shorter estrogen replacements lead to high abortion 
rates, while breakthrough bleeding is common with 
more than 40  days of administration.[13] In our study, 
we found that shorter duration of estrogen  (<10  days) 
supplementation reduces the chances of LBR in fresh 
recipients. This suggests that a minimal duration and 
level of estrogen exposure are required to sensitize 
endometrium at molecular level for progesterone 
priming and beyond the basal thickness of endometrium; 
this is independent of endometrial thickness. Cutoff for 
minimum duration of estrogen exposure below which 
IVF outcomes compromise also varies from 6  days[12] 
up to 12  days,[13] but in our study, we found a cutoff 
at 10  days in fresh recipients, below which the LBRs 
decrease significantly.

As a retrospective observational study, this study has 
limitations to control all the confounding factors. We 
included only those cycles which reached up to embryo 
transfers and not all initiated HRT cycles. Cancelled 
cycles due to high progesterone, medical reasons or 
endometrial factors, and frozen‑thawed cycles were 
excluded, which may have overestimated the pregnancy 
outcomes. Smaller sample size in SET group as well 
as in lower  (<7 mm thickness) and higher  (>10 mm 
thickness) endometrial thickness groups might be 
responsible for bias in our study results. We observed 
LBR only and not twin pregnancy rate or preterm 
delivery rate. Hence, we would not be able to observe 
the effect of endometrial thickness on these parameters. 
Approximately 5% of cycles could not be included in 
the analysis due to data irregularity or missing entry.

As per our knowledge, this is the largest study done 
among the fresh recipients proving the independent 
effect of endometrial thickness and duration of estrogen 
therapy on IVF outcomes. By including blastocyst 
transfers only, we have tried to minimize heterogeneity 
in the study population. Our study findings may help in 
counseling the patients with their chance of success with 
embryo transfer, based on the endometrial thickness and 
duration of estrogen.

Conclusions

Endometrial thickness is an independent factor 
influencing the IVF outcomes in the recipients. After 
minimizing the possible oocyte factor by including only 
donor oocytes and that of COH using a uniform HRT 
protocol, LBR improved with each millimeter increase 

in endometrial thickness starting from 6 mm. Shorter 
duration of estrogen supplementation (<10 days) reduced 
the chances of live birth in recipients after transfer of 
a single blastocyst. However, there was no association 
between endometrial thickness with ectopic pregnancy 
or abortion.
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Supplementary Table 1: Characteristics and in vitro fertilization outcomes of fresh recipients underwent blastocyst 
transfers using hormone replacement therapy cycles

Variables Fresh recipient-SET (n=315), n (%) Fresh recipient‑ DET (n=642), n (%)
Average female age (years) (mean±SD) 40.3±5.3 35.3±4.6
Average female BMI (kg/m2) (mean±SD) 27.2±4.7 27.0±5.2
Duration of infertility (years) 8.7±8.1 6.8±5.6
Endometrial thickness 9.3±1.4 9.3±1.4
DOE (mean±SD) 10.3±2.2 10.5±2.4
Average number of embryos transferred (mean±SD) 1.0±0.5 2.0±0.5
PR 188 (59.7) 464 (72.3)
IR 162/315 (51.4) 416/1284 (32.4)
CPR 162 (51.4) 416 (64.8)
BPR 26 (8.2) 48 (7.5)
CAR 50 (30.9) 72 (17.3)
EPR 2 (0.6) 10 (1.6)
LBR 101 (32.1) 304 (47.3)
BMI=Body mass index, DOE=Duration of estrogen, PR=Pregnancy rate, IR=Implantation rate, CPR=Clinical pregnancy rate, 
BPR=Biochemical pregnancy rate, CAR=Clinical abortion rate, EPR=Ectopic pregnancy rate, LBR=Live birth rate, SD=Standard 
deviation, SET=Single embryo transfer, DET=Double embryo transfer

Supplementary Table 2: Comparing pregnancy outcomes to duration of estrogen supplementation (cut‑off at 10 days 
of estrogen supplementation)

Fresh recipient (SET)
Outcomes Days of HRT OR and significant

<10 (n=127), n (%) ≥10 (n=188), n (%)
PR 76 (59.8) 112 (59.6) OR=1.01; P=0.96
IR 58/127 (46.7) 104/188 (55.3) P=0.09
CPR 58 (45.7) 104 (55.3) OR=0.67; P=0.09
AR 21 (36.2) 29 (27.9) OR=1.08; P=0.79
LBR 32 (25.2) 69 (36.7) OR=0.58; P=0.03*
Ectopic 1 (0.8) 1 (0.5) OR=1.5; P=0.77

Fresh recipient (DET)
Outcomes Days of HRT OR and significant

<10 (n=241), n (%) ≥10 (n=400), n (%)
PR 165 (68.5) 298 (74.5) OR=0.73; P=0.18
IR 153/482 (31.7) 262/800 (32.7) P=0.32
CPR 153 (63.5) 262 (65.5) OR=0.79; P=0.32
AR 32 (20.9) 40 (15.3) OR=0.36; P=0.009*
LBR 106 (44.0) 197 (49.2) OR=1.19; P=0.47
Ectopic 3 (1.2) (1.8)
HRT=Hormone replacement therapy, SET=Single embryo transfer, DET=Double embryo transfer, OR=Odds ratio, PR=Pregnancy rate, 
IR=Implantation rate, CPR=Clinical pregnancy rate, AR=Assisted reproduction, LBR=Live birth rate


